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INTRODUCTICH:

The purpose of this paper is to evaluate the criteria used
by some of the present day authorities in the field of electro-
cardiography as to what are the iw0st reliable electrocardio-
graphic evidences of left ventricular hypertrophy.

Since the popularization of the electrbcardiogfaph by
Einthoven, the electrocardicsraphic patterns of left ventricular
hypertroshy of the heart have received considerable attentiqn
from numerous investigators.

It is generally recognized that inspection, palpation and
© percussion indicate . in an uncertaln fashlon the degree~of total
hypertrophy present in a larse heart, and that they are especl-
ally unqertain indices in deternining the preponderant hyper-
trophy of one ventricle as opposed to the other,

In 1906, Einthoven (1) found that cardiac hypertroﬁhy is
usually associated with varlations in the form of the electro-
cardlogram and stated.that hypertrophy of one or the other vent-
ricle could be recognized by these changes in the shape of the
electric curve. In 1915, Cotton (1) stated that the electro-
cardiographic sisns of ventr&ulag hypeftrophy were the most
reliable method of estimating elther left or right ventriculaf
hypertrophy. He presented a series of 6 cases of hypertrophy
and analyzed the abnormal electrocardiegraphic slgns preéent
in the standard 1limb leads I, II and III. . |

Since the introduction of the unipolar and precordial leads,
there has been renewed interest in the electrocardiosraphle

diagnosis of left ventricular hypertrophy.
: | 2



METHOD AND MATERTAL USED:
‘ Gross weights and the ventricular thicknes ¢f the hearts
in this study were obtained from the University of Nebraska path-
ology autopsy records. Hypertrophy was considered to be pres-
ent when the heart weighed 350 grams or more and when the left
ventricle was greater in thicknes chan 15 millimeters. These
are the hearts considered by this department as being hypertro-
phied. ' |
| Pwelve autopsied hearts were studied in this analysis.
The post mortum weights of these hearts ranged from 350 to 700
grams, the left ventriocular thicknes ranged from 15 to 27 milli-
meters, Thus all shotild be considered hypertrophied by the
criteria used in this paper. All of these patients had had anti-
mortum electrocardiograms and the electrocardiographiec diagno#os
were not&d in each case. Three of the patients included in this-‘
- study were recéiving digitalis at.the time the elactreodrégiéfhﬁhg
was tékan, three had elaetrocard;egraphic-evidence ef 016  |
yinrarcts, oﬁb right bundle branch block and eone wolrririrki%i%ng
White Sgndrome were includeds No contrels were used 1n th@i“
stu&y.
" ﬁhe electrocardiagraphic abnormalities stud&ua fnr th&ﬁr
'signirieance 1ncluded-‘ mtﬂmioaid derluet‘len in preaaw‘, AL
. leads V1 and V6; voztmﬂ*in unipolar limb Zedts aVL, aVF md”
g preoordial lead VSY BS!L! pattern in stan&ard lgads I and II,

] preccrdi&l lead V5 and unipolar lead aVL if the heart -was
hnrizantal or in lead II, III,stVF and YS 1r the heart was v-rti-




" eal; intra-ventricular conduction time in standard lead II,
precordlal lead V5 and unipeolar lead aVL} Q wave in precordial
lead V5 and unipolar leads aVL and aVF; S wave in standard
lead I3 and position of the heart, whether horizontal or
vertical. |

The electrocardlonrams were analyzed and recorded in chart
form., The amplitude of the upright waves was measured from the
upper edge of the base line to the peak of the R wave; the
inverted waves, from the lower edge.

Graph A is the electrocardiogram of case nihe, the largest
heart in thls serles. Characteristic features of 1éft vant~
"ricular hypertrophy shown in this electrocardiegraph are: 5
(a) ‘high voltage QRS; (b) RS-T segment depressien with upward
bowing and a T wave that is inverted and asymetric, and (c)
..dclayod intrinsicoid deflection. | ’
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Table I shows the heart welght, the left ventricular
thickness, the anti-mortum electrocardiographlc diagnosis and
the post mortum microscopic diagnosié in each case used in this
study. It will be noted that left véntricﬁlar hypertrophy was
diagnosed by antimortum electrocardlographs in only three cases
out of the twelve. (25%) There was no correlatiqn with this |

diagnosis and the post mortum weight of the heart.

TABLE 1
“Heapt  Left Ventricle  EKG - Microscopic
Case Weight Thickness Diagnosis Diagnosis
1. 500 grams 20 mm, (a2) old anterior * (a) Epidorméid cA
septal infarct of Brenchus
(v). LVvH (c) LVS letastatic te
(d) 1st degree AV the heart.
blocke.
2, Li00 grams 15 mm, (a) frequent APC (a) LVH
3., 4450 grams 15 mm, (a) A. fibrulation (a) LVH
(b) defective IV
conduction
e Uli0 grams 17 nm,. (a) sﬁbendecardial (a) 1IVH
' infarct or (b)
| s
5. 350 grams 18 mm, (a) RBBB (b) possi-(a) LVH
T o ble RVH (b) RVE
6. hhovgrams 21 mm, (a) L1VH o {a) mitral vnlv-
' - (b) Lvs | | ulitis (b) "
; old Bheumatic :
; faver ‘
7. 1400 grams 16 rm, - {a) 014 ant infarct (a) aneurysm:of
~ {bv) LVS (c) Wolfl left vent-
Parkinson ugito riele (b))
Syndrome fibretic atit
,' ‘ aplcal. in—'
farcts

8. 400 grams 20 mm, (a)_»RABé : :‘ (a) LVH



TABLE 1
(continued)

Heart Left Ventricular EKG -Microscopic
Case Velght Thickness Diagnosis Diagnosis.
9. 700 grams 27 nm, (a) LVH (a) LVH
(b) LVS and/or .
Digitalls
effect
10, 550 grams 25 rme (a) frequent APC (a) LVH

(b) frequent VFC
(¢) auricular hyper-

trophy
11. L20 grams 16 rme (a) normal (a) 1VH
12, 560 grans 20 mm, (a) 1st degree (a) LVHE
. ‘ block

(b) Hyperkalemla

Comparisod of anti-mortum electrocardiographlic diagnosls
and post mortum microscopic diagnosis in each case studied
in this series.
RESULTS
(a) Voltage

The voltage of R in the unipolar leads aVL and aVF and the
precordial lead V5 in this study can be seen in Table II. The
mean helght of the R wave in V5 in the left ventricular hyper-
trophied hearts was 21 mme This mean is compared tq the mean
of R in V5 in normal hearts which is 11.8 mm, (2) This figure
was exceeded by 58% of these hearts, the maximum fer nbrmal
hearts of 25mm. in V5 was excesded by 25% ef the hypertrephied
hearts in this studye. N '

‘ TABLE II

Case avL - - avF - v5
L gm0 lpm.  2um,
" 2 Omm, B, 13mm,



TABLE I1II (continued)
Case . avlL aVF V5

3. lyrm, 3mm.  22mm,
L 23mm, 2mm, 8mm,
5. 3, Orm, 10mm,
6. 28mm, 3mm. 37mm,
Te lyrm, 2mm, lymm,
8. Orm, Sram. | 1%mm,
9 . 2mm, 35mm, 82mm,
10,  omme - . Bmm, © 26mm,
11. Gron, | 3, | 18mm,
12. 6o, 2o, 3um,
hmet, - 21

Voltage in the 1eads analyzed in this study for height
of the R wave in millimeters.

Numerous lnvestigators have commented on high veltage QRS
complexes as being one of the characteristic features of left
ventricular hypertrophy, exp;cially if the prominent B.wave,ié
in the left axillary and precerdial leads which face the epi- .~
eardial surface of the hypertrephied 1éft ventricle. (3, h. 5;-
6). The value of the electrocardiogram 1n'determ1ning‘high |
voltage is limited however, because 1t is difficult to establidh .
“any limits of normal amplituda of the QRS, Thia is beeause the .
amplitude is not only. a function of the mass of the heart, but
also of the nearness of the electrode to the heart, Thus a @all,
 thin, man may have taller cemplexes in V5 than the short,‘thick,v



chested man, even though the former may have a normal heart
and the latter have considerable left ventrlcular hypértrophy. (6)
Left ventricular hypertrophy often occurs even in normal builld
individuals, without hisgh voltage appearing in the electrocardlo-~
graphe (7, 8) This fact was adaquately demonstrated in this
study. '
Althouch lead V5 may normally have an R wave 33 mm. tall
(6), Sokolow and Lyon's criteria for R wave voltare in left
ventricular hypertrOphy was used in this paper. These investl-
gators state that when the R wave .in the precordial lead VS‘
exceeds 25 rm., left ventricular hypertrophy can be suspected. (2).
- 0f equal value to V5 was R in aVL., In normal horizontal
hearts, 99 per cent of the subjects may be expected to have an
R wave in aVL of less than 11.1 millimeters. (2). This voltage
was exceeded in 257 of these céSes of left ventricular hyper-
trophy. The dlagnostic value ?f aVF was considerably less, since
in only one (8%) case was the R wave greater than 26mm., whibh
is the upper limlt of normal for this lead. (2) | |
Einthoven (10) believed that left ventricular hypertrophy
was present when the tallest QRS sunmit was érebent 1nvlead I
and the deepest deflection was present in lead III, and that
_ uSuallﬁ thé‘deflections were of great smplitude. Iewis (11)
also commented on the high voltage of Rl angd. 33, but - also U
neticed the decrease in amplitude of Sl and 33 whieh was usually -f
present in left ventricula ar thertrophy. Hb felt that Q1, S3
and Hl. are. 1eft ventricular erfscts, and that thererore these

Toea



electro~éardiographic effects are preponderent in left vent-
tricular hypertrophy. |

By using tall CAS complexes as criterla for hypertrophy,
Ebrmén (10) showed that the electrocardiosram always showed
evidence of left ventricular hypertrophy il the left ventricleﬁk
weléhed more than 300 grams post mortum, and that if the le t
ventricle weished less than 250 grams, there was very liutle
relation betwsen the form of the electrocardiogram and the
welght of the hearé..

According to Falzoi (12); high voltage of the R wave ass~-
ociated with low voltage of the T wave, especially in lead I,
Vl}, V5, and V6, may be an early sign of left ventricular hyper-
trophye. _

Just why the hypertrophied heart ghould produce a greater
amplitude on the electrocardiogranm than the normal heart 1is
not knowne Even thoush the infant has a muéh smaller heart bthan
the . .dult, the amplitude of the electrocardiographic complexes .

are almost the same.’(10). The manifest potential difference

1n the electrocardiograph Varies with the conductivity of the
tiasues around the heart and with the plane of the electrede.
Einthoven (10) felt that variations in amplitude of the elect~
rical deflections occur with variations in the cmtz-'aotibni‘ty'_
of the heart muscle. A»mnre recent preposed explanatian rar‘
_the high voltage curvés of left ventricular hwpertrophy is that
the arrangement of. the ventricular conducting system is distufbed
in large hearts. (l}). Wilson (h) states that the cause for the

: voltage ingrsése may be due to the combined effects~of increass -



in muscle mass, the thickness of the sepbum, free walls and -
total eplcardlal area and increase size of thé chambers. The
high voltége may also be due to the diminished density of the
junetions between the purkinje tissue and the subendocardial
miscle and an increase in the length of the paths transversed
by the excitation wave on it's way to some of these junctions.
There 1s some evidence that large hearts may not normally
produce high voltage. King and his associaées (13) found that
the R wave In leads corresponding to lead III were low voltage
(1ess than 3 to l; mm,) in the Beluga whale, This heart, after
death, weighed 2722 grams, the left ventricular thickness was
20 millimeters,’ -He admits, however, that the electrodes were
some distancé from the heart and in moderate proximlity te each
other, which may‘have accaunted for the low voltage.
(b) POSITICY CF THE HEART:
' . The electrocardiographic position of the heart was deter-
mined in each case, (Table III)

TABLE I1I
Case Electrocardiographic S wave in
position : Lead I
1. herizontal | preaeﬁt
24 _ vertical . absent
=" - horizontal - absogt 
L. o h@rizoﬁtal | present
Se horizontal present
6. '  hor1zonta1 abgent
Te horizontal o  35§0nt

10



‘TABLE III (continued)

Caée Electrocardiographic . S wave in
position Lead I
8e vertical absent
Ge ' vertical present
10. vertical present
11, horizontal absent
12. ) horizontal absent

Electrocardiographlec position and absence or presence
of S wave in Lead I.

Hearts were considered, in this study, t& be horizontal
when lead aVL showed a qR or QR pattern, vertical when aVL
showed QS or rS pattern., None of the hearts studled could be
claséified'as‘being either semi~horizontal or semi~vertical ‘
from thelr electrocardiographic patterns. All hearts that had
a herizontal electrocardiographic position showed left axis '
deviation. As shown in Table III, 66% of the patients had
horizontal hearts.

In a studﬁ of 14,7 patients with known left Veﬁtricular _
hypertrophy by. Sokolow (2), 57% had horizontal or semi-horizontal
hearts. Kaplin (1l) found 80% ef 148 cases of left ventricular
hypertrophy showed left axis deviation., He believes that the
absence of the horizental pes;tion may be dﬁe¢ta the neutréliting ‘
effect of either a concomitant right ventricular hypsrtrophy . '
erxa‘changeuin heart position, Other investigaters ﬁave also
neted the frequent assoclation of horizental hearts with 1ef§“, |
ﬁéﬁtricular hypertrophy. (15).}]Markéﬁ @oft axis\deviétion may.

n



~Case

1.

8.

‘ :90*

also eccur in brown atrophy of the heart, (16), pregnancy (17),
and obesity (185. About one forth of the normal people will_

show left axis shift. (1L). Occasionally the electrocardiographic
position of the heart may change within a short perlod of time,
often with no reason for this change in pesition being found.(19).
(e) RST-T PATTERN:

RS~T segment and T wave abnormalities are frequontly enceu-
ntered In left ventficular hypertrophye. The frequency of these
abnormalities in this study can be seen in Table IV, where
75%4 of the cases héd some abhormality of the characteristic
pattern of left ventricular hypertrophy present. (Graph A),

This pettern is an RS~-T segment which 1s depressed and bowed
upward and a T wave that 1s inverted and asﬁmetric.
| TABLE IV(a) |
RST Segment in Leads:

I B S CIIX avL avF s
depressed normal - - .- Depressed = -~ ~ - depressed -~
convex ‘ convex ‘ convex

- 5\- normal depressed - - ~ =~ normal normal
depressed normal ~ = = =~ = normal - - - - ‘ngfmal-'
convex : : .
depressed normal =~ ~ - - - - depressed - - - - depresssd
convex convex P : L

normal normel =~ - - - - normal ~ = = = nermal

‘depressed normal -~ = =« = =~ depressed - |
- convex convex - = = = normal
depressed neormal [ nermal ~ = ~ = nermal

= =~  pormel = pormel - ~ ~ ~ mnermal normal

- .- . depressed normsl - - nermsal depreq;ed'
E - cenvex 1 : . : convex

12



TABLE IV (a) (continued) A
I II 171 aVL aVF . VS

Case
10. - - - normal normal - - normal noermal
il. normal depressed = « =« = normal - = = ="~ normal
' : convex
12,% depressed normal - - depressed = = - = normal
convex convex
‘ TABLE IV (b) . |
T waves; inverted and asymetric or not, in leads:
Case I II -IIX avL aVvF V5
1. yes © 'no - ¢~ - T7Yes8 -~ - - yes
24 - - no ne - - - no no
3w no ne - no -~ - - no
[lex  yes ne -~ yes -~ - - ne
" Be no no L m e - no ~ == MO
" 6e yes "~ no - - - yes S~ -- yos
T no ~ no - - ne -~ - ne
8. - -- no - no D = ne no
. Qe - .- yes | no -~ - - ne yves
'10; ~ = -  no . ne - a2 me  ne
11. ne . no - .- no | .- . ne
;12.* ﬁo no e e - no , - =a ‘DO

% Patient was on digitalis at the time that the elect-~
- pecardlogram was takens ' ,

In the charaeteristic pattern of leftﬁventriédlér hyper—‘
‘trophy, both the RS-T and the T wave are directed downward,

»1ﬁ«c¢ntrast te the usual appéaranﬁe.or acute écrenary diéease _

. where the RS~T and T are in epposite directions. Thirty~three

Hl?éé%ﬁasﬁtjpf'ﬁﬂeﬁo patients showed a1l the characteristics of this

E )
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complex to be present. These ST segment and T wave abnormalitles,
in the leads reflecting the surface of the left ventricle, are
the least specific 6f any for the evidence of left ventricular
hypertrophy, according to Dimond. (6). Others however, believe
that the ST segment depression with the ﬁpward bowing 1s one

of the most common signs of left ventricular hypertrophy. (2),
These changes are shown in the standard leads and the ieft
precordial leads because the position of the hearf is usually
horizontal. Sokolow (2) believes that the precordial leads’
ugually are the first to show RS—T abnormalities 4in left .
ventricular hypertrophy. Goulder and his asscciates (7), made
a study of 65 patients with left ventricular hypertraphy,.diag-
nosed on the basis of X ra& changes characteristic of this
condltion. These were compared with 30 nermal individuals

with horizontal hearts. Their data demonstrated that aVL
differientiated the hypertrophied group from the normel indivi-
duals more frequently than either VS or V6 alone, They noted
that in aVL, R was greater than 11 mm,, T leeslﬁhan .6mm. N |
and the T/R ratlo less than 10 percent in 85% of the cases with
hypertrophy. Wilson (14} has reported similar findings of
changes in aVlL, when precerdial lead cheanges are berdarline.
There was no case in this study, hewaver, where there were ..
changes in lead aVlL and none found in Lead 5 % or in pr0~ccrd1&1
lead V5. This fact may have 1t's axpxanatien in the~fact that
nons of ths hearts studied: oeuld be eonsidered as having a

. berderlins hypertrophy, ) . , |

- Sékolav (2), raund that 136 cases out of 1h7 cases of left

o



ventrlcular hypertrpphy showed abnormal RST-T findings. Digi-
talis may produce depressed ST intervals, but these depressions-
have certalin characteristics which differentiate them from left
ventricular hypertrophy. These changes are discussed in some
deiail in the discussion section of this paper, ihen both the
digitalis effect and ventricular hypertrophy are nresent in

the same electrocardlographic tracing, the two conditions may
'modify each other in variable ways,

Those investigators who belleve that left ventricular
strain may occur believe that strain of the left ventricle 1s
almost always accompanled by hypertrophy, but that occasionally
one may see an isolated pattern of strain, that is normal QRS
complexes, but depressed ST segment and T waves 1n the left
precordial leads. The electrocardiograph .of laft ventricﬁlar
hypertrophy without strain according to Kaplan (18), shows
deep S waves over the right pré-cordium, tall R waves over the
left pre~cordium and normal ST segment and T waves. These T |
and ST abnormalities are reversible when true strain exists.

Iow T waves in the left pre-cordial leads Are an e@rly
sign of left ventricular hypertrophy, according to scme inves<
tigators, (2, 12), while inverted T waves in the leads with
the tallest R waves ares later signs. (k).

King (13), recorded the oloctfocardiogréph of a whale
whose heart weight pest mortum was 2722 gréms and neoted inverﬁed
T .waves but the RS~-T segment was‘311ght1y elevated. .

Rapid changes of the RS~-T segment and T waves in the left .

" ventricular leads whenvaérial tracings are made may occur in

15



left ventricular hypertrophy, which are suggestive of anterior
wall infarction. These have been noted when the heart is sﬁb-\
jected to some extrinsic stress, such as thyrotoxicosis. (3).
‘The ST-T deviations in lead I may be evidence of changes
in retreat of activation of the heart muscle mass, partly due
to widespread changes in the conduction system in the left vent-
ricule, and partly a relative ischemié of the muscle as it
outgrows itt's blood supply. (1}). Another more generally used
explanation for this finding is the increase in the intra;
cardiac pressure against the endocardium which occurs in those
conditions associated with ventricular hypertrophy. Thus, in
the normai individual, there is a gradient in the preééqre from
endocardium to epicax@ium/but"with the increased intracardiac
pressure, secondary to the basic disease, this gradlent is
lost and the entire thickness of the muscle is subjected to an
exagrerated pressure. In the normal heart, the epicardial sﬁr—,
- face is able to repolarize more rapidly than the endacardial
surface, while 1n the patient with increased endeocardial pres- f
sure, both endocardial and epicardial areas are delayed in
their repolarizapion.vttb.the endocardial reglion recovering
_first. (6).

T wave alterations are extremely nonpspecific. Marshall -
(2ly), noted that T waves could be altered. by endocrine factors‘ '
(thyroid); electrolyte changes (K and calcium): fever; avitaninn
osis (bere bere); nervous factors (vegal, aympathetic ), and
drugs (digitalis, epinepherine, amyl nitrate, atrepine, and 3 :
;quini&ins), also ‘be . eating, hy<drink1ng ealdtvater, hypaglycamia,

by netrecirculatary asthania '”i75f qmsﬁians. Prance (25) has
16 -




noted flattening or T wave inversion with normal respirations,
In the vertical heart, the electrocardiographic pattern.

of left ventricular hynertrophy is not the same as the pattebn
in the horizontal heart, In the vertical heart, leads II, III,
and aVF reveal the RST-T abnormalities which oririnate in the
~ left ventricle., However, precordial leads V5 and V6 show the
same type of abnorialities in left ventricular hypertrophy,
wﬂether the heart 1is horiiontal or vertical, Sometimes, however,
the only abnormality in V5 and V6 is only slizht depression of
the RS-T segment, with a transitional zone displaced to the
left. Diagnosis of left ventricular hypertrophy on this abnor-
mal electrocardiogzraphic finding only, should be made with great
caution, however., In a study of 650 athletes, Klemola (22)
noted frequent abnormal T waves in lead I and II. In almost
all of these cases, no other signs of heart dlsease could be
found. |

| Levine (23) made a study 6f 150 consscutive autopsled cases’
and states that left ventricular hypertrophy, when present, -
~would probably have been diagnosed in 7 of the cases which
were missed if additional tracingé had been taken cne or two
interspaces higher or had been reoorded.farthér to the left in
the posterior axillary of seapular line, For this resason,
Johnaton (19) belleves that the usual sights for placement’ of
the exploring electrodes are not sufficient if the routine
_traciné shows any-pegu}arify in the vohtricular complex swueh

as bread transition zone,vdisplacement to the left or right,

or fallure to abtain tréc1ngs of the left or right ventricular

17



type with the routine ramltinie precordial leads and that
additional tracin~s at hl~her o» lower levels or fartiwer tc
the ploht or left ghculd be taken to help explain an; of

(a) IMONII3IccIn DIITLSUICH:
Fa 28
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geconds or loncer in V5., There was no correlation between the
wel~ht or the left vontricular thicknes of the heart and the
lencth of the ventricular activaticn sir.es The results of the
intrinsicoid deflecticn measurments in both V1l 2nd V5 can be
seen in table V. In only one heart (case 5), was the vent-
ricular activation time in V1 oreater than .03 seconds, which

{8 considered upner limit of normal in this lead.

TABLE V
Case | Lead V1 ‘Lead V5
1. .00 | .06
26 402 <Ol

3e .03 <06
e n <00 Ol

Se .10 . Ol
6 | .02 — .06
Te | .02 .12
8. .00 oL
9a | .02 » .06
10. . .00 | .ok
11. .02 .0l
194 .02 | Lol

Intrinsicoid deflection in seconds in Lead V1 and V5.
18



Many investisators have emphasized the importance of the
time of the appearanée of the intrinsic deflection in the
recornition of Ventricﬁ&ar hypertrophy and bundle branch block,
(2, 1L)e An increase in the mass of the myocardium, as is’
present in left ventricular hypertrqphj, would be expected to
lengthen the time of the onset of the intrinsic deflectioen,
which is the time of the onset of the QR3 bto the peak of the
R wave or the beginnin~ of the abrupt downstroke of the QRS.
This represents the time interval requifed for the passace
of the impulse throusgh the ventricle to the eplcardium under
the exploring electrode. (3, L) However, the delay in the
intrinsicoid deflection may not be a true index of the endo-
cardial~epicardial thickness of the muscle .. It has been found
that there 1s considerable degree of tangential spread of the
wave of depolarization present, rather than a simple radial
endo~epicardial route as was previously thought. This would
tend to lessen the value of the intrinsic deflection in
measuring the desrce of hypertrophye. (6, 19)s The natural
delay in direct wriﬁlng'; instruments also decreases the
diagnostié value of the intrinsic deflection., (6)e.
| The intrinsic deflection in leads VS and V6 was found to
be less than .06 seconds in.three difrerent series of normal
people comprising over 280 cases., (2, 9). Kossman (9), states
that the time of the intrinsic deflection in the normal indivi-
dusl averages .02 second in lead V1 and .0l second in V5.
Other investigators state that ﬁhe upper limit of normal in V1
18 .03 second and in V5 is .05 second. (2). Sokolow and Lyon (2),
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found in a study of 1L7 cases of lmown left ventricular hyper-
trophy, that 587 had ventricular activation times in V5 of .05
to +08 seconds, In this same study they also noted that L0%

of these cases had normal intrinsicoid deflections, even though
other findin~s of left ventricular .ypertrorhy such as depressed
RST serment and inverted T waves were presents On the other
hand,however, in sore cases with roentwenolomic evldence of left
ventricular hypertrophy, a delayed intrinsic deflection in V6
wés the only abnormal electrocardio~raphic: sisn present,

Unserleider (2Li) found that 137 of a series of 1L7 patlents
who had ventriculasr activation times‘of «06 seconds, had no
roentgenologic evidence of cardiac hy»ertrophy. Cardiac hyper-
troephy may be present without roentsgencloglc evidence of such,
according t- Sokolow (2).

(e) INTRAVENTRICULAR CONDUGTICH:

The total QRS duratién and it's relation to the intrinsi-
cold deflection was studled in this series of 12 hypertrophied
hearts, Since two of the cases included in this study had

assoclated dlsease processes which could account fér the pro-
longed QRS (Case 5 with risht bundle branch block and Case 7
with Wolff Parkinson ihite Syndrome), these cases were not
included in the analysis of the QRS duration., In the remaining
ten cases, 307 had QRS durations of .1l seconds or longer, but
none had left ventricular activation times exceedinp .08 second,
which is characteristic for bundle branch bléek as will be

pointed cut later,
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TABLE IV
Case - Lead II Lead V5 ' Lead aVL

1. .10 .11 CL12
2. .08 .09 .08
3. 11 S | .09
e .09 : 09 .09
Su - - = -
6e ¢12 W11 | B &
. - | - . - -
84 10 .09 09
9. .09 .08 .09
0. . .08 .10 ,08
11, .08 | | «07 +08
12, .08 «10 _ T W06

QRS duration in seconds in leads IJ, V5, and aVl.

% Net included in this analysis because of assoclated

right bundle branch block,

#% Not included in this analysis because of associated

Wolff Parkinson White Syndrome,

Wilson and his assoclates (Ji) have noted that in left
ventricular hypertrophy, the total length of the QRS may exceed
.10 seconds, often being .12 seconds without the electrocardio-
graphie pattefn of‘left bundle branch bleck being presont. In
‘& study of 147 cases of left ventricular hypertrophy, 12% eof
" these patients had QRS durations of';ll to .12 sesonds.  N§no
had evidence of left bundle branch block.(z).

' Sems investigaters believe that, a8 the heart hypertzpphies,
the capilllary blood supply becomes 1n5ufficient and not
- commensurate with the increase of rmiyocardial mass. This, they

state 1s the cause for the prolonzed conduction times seen in
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right énd left ventricular hypertrophy. (25, 26).

Since the QRS complex 1s considered to be the duration of
spread df the excitation wavé throush the ventricles, persons
with larger than normal hearts, or with enlarsed hearts ffonm
hypertension, the time intérvals may be above the generally rec-
ognized upper limits of normal for &dults of .10 seconds, yet
these people may not have myodardial disease, .per se, to prod-
uce atrioventricular or bundle branch blocke. (27). White (27)
states that as the heart increases in size, the normal QRS
ipterval increases, He found in electrocardlograms ruh en
animals with large hearts, that the QRS interval normelly ranged
between .12 tg «18 seconds for elephants and .19 to .22 seconds
for the whale,

Elecﬁrecardiographié differences between left bundle branch
block and left ventricular hypertrophy, both of which may have
prelonged QRS intervals are: (a) in left bundle branch bloék;
the ventricular activation time almost always exceeds .08
seconds, whereas it rerely reaches this figure 1nllort ventric~
ular hypertrophy; (b) in left ventricular hypertrophy with

& QRS duration of over 12 seconds and e delayed intrinsic

deflection, the pealk of the R in the ventricular complax 13 usu="

ally found to be tall and sharp, whils in left bundle branech
‘block, the peak of the B in leads V5 or V6 is. bread tepped,
noteched, or "M" shaped, reflecting the delay in the spread of
- the 1mpulse through the left ventricle. (2). '

{f) Q WAV’ES

Q,waves werse . very cemmenly seen in this series @f cases
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with left ventricular hypertrophy, being found in 835% of the
cases in either the unipolar leads aVF or aVL, or the pre-
cordial lead V5. In only one case did the Q wave exceed 3.00
millineter in depth, and in three cases the maximum /R ratio
of 259 was exceeded. The width gnd depth of the Q waves in the
leads studied are showen in Table VII.

TABLE VII
Q wave
Width in seconds Depth
Case aVL avF V5 avL avF V5
Tog »O0ly 0.0 .02 2.0 (12%) 0 1.0
2. .00 .03 .02 0.0 0 0.5
3. Ol <00 «00 1.0(25%) .0 0.0
e «00 .00 .00 ' <0 0 .0
5. .01 .00 400 258 .0 .0
6e .03 00 .Oly 1,00% .0 <0
7e <03 .00  JO0h 1,00(25%) O - &0
8, .00 .01 400 .00 1,0% .0
9. 00 03 «03 .00 2,0 1.0%
10, .00 00  ,00 .00 0 .0
11. .02 .00 00 1,00% .0 .0
12, 02 00,00 1.5(25%) 40 .0

-----—-—-----b-u-—--————------

Q wave width in seconds and depth in millimeters, in
the leads analyzed in this seriss, Percentage 1listed refers .
to the percent of the height of that particular Q wave to the
succeeding R wave.

# 1less than 10% ef the succeeding R wave,

Criteria for sbnormality of Q waves varies widely. (3, 25,
28), According to Sokolow and Lyen, (2) Q waves may normally

be found in the left precefdial leads and in any unipdar lead

t‘tiken from a point on the body teward which the left ventricular
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potentials are directed. Thus in horizontal hearts, Q waves
may normally be seen in aVL as well as in leads Vli through V6.

Q waves reﬁresenb negative potentials transmifted from the
endocardisl surface of the left side of the septum through bhe
intervening structures to the axilla, This wave is recerdsd
durring the brief periocd that normally elapses before the 1mpulse
reaches the subendocardial layer of the lateral wall.

About 33 of normal people will show Q waves in the left
precordiai leads and in lead aVle (2). These Q waves are rarsely
greater than 3 millimeters in depth or greater than 25% ef the 
preceeding R wave. (2, 3)e Myers (3) studisa 1,875 patients
with mulﬁiple precordial ieads and autopsy afd found ne case
without - pathelogical demonstrated infarct encountersd in which
the Q wave in the left ventricular lead Véé excedded 25% of ﬁh@
subsequent R wave. Dimond (6) believes thaﬁ 1atpra1 myecardia1 
infarct should be considered as being present if the Q'wé§6i1n'
lesd aVL is .OL seconds wide, if‘it répréséﬁ¥s 50% ef'thg pre~
‘ceeding QRS cemplex and when 1t is folloﬁod“by'é ponrexfi;p1§ted 
RSnT segment with late inversion of the T ta#a.

| Occasionally, however, in normal pe@ple Q deflectiaﬁs of
‘greater than 30% of the entire QBS complex and a widﬁh zreater
,»th&n .Oh secends may'eccur being &ue to 8 vortical hsarﬁ wiﬁh
| marked olockwise rotatien and displacsment\pf it‘s apnx backwurd.
 This may or may not be aﬂsociateﬂ with & ﬂmwnﬁar& T wave, {28) |
A nnmber af 1nvastigab¢ra all f@mmd thnt=tn tha presenno

arosm

fof 1arée Q3, left ventricularjf' ‘ArOphy'vaa present in &

ihigh parcentage of cases. (21, 29).1 In@!?ﬁpcgfs'{ZI) series
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of 12 autcpsies on patients with deev 33 waves, left ventricular
hypertrovhy was present in 10, while infarct was prassent in
only five, Un~erlieder (2l.) believes thas the desp Q3 in left

ventricular hymertrovhy is =resent because a thicl left vent-

2

nicle i1l accentuate the de~rce of left axis deviation and will
cause a positive notential in the left arr electrode. Tilson

(L) on the cthor hand, has sbtated that the deen and wide § wave

‘.Jn

g 088ibly due to thc delay in activatiorn of the Subendocard-
1al rmiscle. The exarmmcerated ¢ waves whilcihh are often secn in
V5 in left ventricular hrmertronhy may also be due to ¢ (a) the
greater voltare develo ed durrin~ activation of the hyrertro-hied
septur or (b) improved transmissicn to the axilla because cf
the closer aporoach cf the enlarmed left ventricle to the
thoracic cares (3).

France (21) ncted that cénspicuous Q3 wave coild occur in
patients with an elevated diaphram, with lateral disnlacement
of the apex, in presnant women in the last trimester, and occas-
ionally in cases where the cardiac axis was chanced durrine
respirationa.
(z) S VWAVE CHANCES:

Table III records the absence or vresence cf an S wave in
lead I in this series of cascs. In this serles, there were no
S waves in thig lead in 75% of the cases,

Absent S wave in lead I has been reported as beinm the
most frequent sinsle electrocardicsraphic abnormality that occurs
in left ventricular hypertrcnhy. (2L) In a series of 171 cases

of advanced hynertension and left axis deviation, there wer



no S waves in lead I in 66% of the cases, which was about

two times as frequent as any other electrocardiographic abnorme
ality shown. (2l;). Absent S waves in this lead is not very :
specific however, since it occures in about 18 percent of
normal individuals with left axis deviation.

DISCUSSION:

The'heart welzht that should be considered hypertrophied
1s extremely difficult to determine when routine autopsy wd ghts
are used., The Armed Fofces Institute‘of pathology - 195l (29)
stated that the averape weight for the normal adult heart of
men between 20 and 30 years of age is 275 to 325 grams. The
left ventricularthickness averége is 8-10 millimeteré. Since
most of the patients used ih this study were in a censiderably
older age group, it was felt that thege weights were teo low
to be considered normal in this study.

Many authors have commented on the inaccuracy of the‘
cardiac weights and measurements for cardiac hypertrovhy asfif
was used in this series of cases. Stoffer, (30) for exampio,
stated that estimates of hypertrophy based on measurements of
the thickness of the ventricular walls are at the best only
rough approximations and are serioﬁsly'in error in cases where
presence of dllitation, séarring, or contraction presists after
deathe. Fulton (31) has neted the inaccuracy ef traditional
methods of recording the weight of the heart due to the large
and varying proportion of the ﬁeighﬁ that is accQunted fef by
structures other than.the myocaédium._ This may include u§ to
100 grams of non-myocardial tissue, He believes that the thick-

ness of the ventricular wall 1s not satisfactery because is may
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‘be greatly modified by dilitation of the cavity., He described

a teckhnique of dividins the hear§ into the free rirht ventricular
wall, the froce left ventricularwall and the septum and mives

the rance of normal for these weishts in 202 normal hearts.

His total uvwper normal ventricular weisht was 250 ~rams. Anéther
method of removins the hesart has been devised by Myers. (3)

He severs the z¢eat vessels at the point of passare throuch

the pericardium. lNermal left and richt ventricle semment

weizhts by this method are 181 zrams for males and lhé srams

for females, This is about 59% of the bibel hahrk weirht,

which would mean that the total heart weipht normal for males

is apvproximately 308 srams and for females approximately 250
grams., Another reason that any heart weight is a deceptive
measure of heart hypertrophy or size 1s because it also welrhs
tissue in the heart other than muscle, such as tumor tissﬁe,
fibrosis and necrosis. (32).

Only about one-quarter of the cases with hypertronhy of
both ventricles is likely to show a characteristic electrocardio-
pram., (33). In this series normal curVeé occuredin 8% of the
cases and the signs of left ventricular hypertrophy occured in
the remaining $2%. Althoush the one heart which was considered
normal did have one of the signs'sugﬁestive of left ventricular |
hypertrophy present,.(absent S wave in lead I), this sign was
not considered to be specific enoush for a diaznosis of left
ventricular hypertrophy to be made. One other case, (number
10) had only a sinsle abnormal sign present, this was high vol~
tage in V5, (26mm) It is questionable whether or not this could

be considered an abnormal electrocardiogram on this basis,
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A comparison of the abrnormalities found in this study

with those found by other Investisators is shown in Table VIII.

TABLE VIII
this Pagnonl Sokolow Heine Unger-
Criteria study  Goodwin Lyon Sackett lelder Kap
Serber Guber lin

RaVL greater 4
than 11 mm, 254 224 197%
RV5 greater ) ) ’
than 26mm, 25% - 20% 395
ID of V5 greater y
than .05 seconds., Lh24 164 35% 11
ST-T abnormal  75% 13% 93% Log 30%
Horizontal heart 67% 57% ' 803
Vertical heart 33% '
QRS longer than 30%%
«10 seconds.
S in Lead I 58% Ol

absent

- mm e we e em e e em e em e e - W e pw ma ew e - = e am s wm e e em s s o=

# Two cases 1in this serlies were excluded when the QRS
duration was analysed because of associated conditions:
RBBB and Wolff Parkinson ihite Syndrome in case 5 and 7
respectivelye.

Comparison of Incidence of Electrocardiographic Criteria of LVH
used in this study and in those studies by other investirators,

RST segment changes were seen most conmonly in lead I.
The greater incidence of RST-T segment abnormalities in this
series than in all the other series noted in table VIII except
that of Sokolow and Lyon could be due to : (a) the type of
hearts studied in this series or (b) the inclusion of l. cases
that were on diglitalis at the time the electrocardiograph was
taken., The so-called diglitalis S-T-T contour consists of a
depressed, downwardly sloping, straight lined S-T seguent wilich

eontinues directly into an inverted T wave without any indication
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of the junction bhetween the S-T and T waves. The di~italis
pattern dces nct usually develop with therapeutic doses of

talis

| i

dimitalis, Dut ammecrs only when the tonie dose of di~
is apprcached. (34). Since the patients in this series vho
were on diritalis had all talker less than l.2 grams of dini-
talls when the clectrocardiographs were taiken, it was felt
that RST-T semuent abnorimalities cculd be included in the
analysis of the effects of left ventricular hypertrophy.
The RST depression and upward bowing was wore comnonly
encountered than inversion and agymetry of the T wave in this
 series. In one case, (no. 3), RST depression and bowins was
the only abnermality enccuntered in the RST-T segmentf
Since this patient was on disitalis at the time that the
electrocardio~rar was taken, the sionificance of this findinn
is cuestionable,
The relatively hirh incidence of delayed cnset of the
intrinsicoid deflection in this study may be due to: (a) The
high incidence of the cascs used with advanced left ventricular
hypertrophy, (b) the inclusion of cases with electrocardio-
grams whose total QRS duration was above .10 seconds, thus
includinz in the study possible intraventricular conduction
defects. Sokolow and Lyon (2) considered .12 seconds as be-
ine the upper limit of QRS duration which indicated léft
ventricular hypertrophy and ruled out intraventricular conduct-
ion defects, In left ventricular hypertrophy, this wide QRS
is associated with an absence of slurrins of the QRS complex

and a ventricular sctivation time of less than .08 seconds.
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If this criteria is used, all of these cases cculd be considered
as possible left ventricnlarhypertronhr,

m.ere are cortain excentions to the axlimum normal values
for QS volta~e used in this study. Tor instance, shack (35),
reported maxilimm normal valve for navVl as 12 mm, llogsman and
Jomnston (9) reported armlitudes of RV5 up to 33.0 rm in
normal pecnle,

nother corplicatine factor is the fact that the maxinum

normal voltame of RVS for adults is influenced by are. (36)
This, the armplitude of RV5 under the ame of 1i0 can be as hirh
as 28.l rm., from the are of 50 to 60 years it can normally be
only as hizh as 17.0 rm. Zeine (36) believes that since this
maximum normal amplitude of RV5 decreases with ace, the criteria
of hi~h volta~e in the precordial leads should be interpreted
more ccnservatively in youncer natients and more liberally in
older patiénts. This also invalidates the criteria used in thils
study for RV5 in children.

Another variable in QRS voltare is the eslectrical conduct-
ivity of the tlssues and the distance of the electrodés from
the heart, Diminished volta~7e i3 sveun in emphysema and obesity
and hirher voltace 4s seen in thin chested individuals., The
influence of these factors was not considered in this series.

Proper technique in recordine the electrocardiozram is
essential‘for accurate data. Factors which enter into this
variable are standardization, dampin~ and electrode placement,
If the precordial electrode for V5 is placed too far medially,
the amplitude of the R'will be hirher than if placed mors

laterally.
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Intraventriculor conductlicn was delayed in 30% of the
patientse Two of the cases were excluded frouz the analysis
of the OR3 because of the presence of rirht bundle branch blocl
in one and Volff Parkinson White syndrowe in the other. Both
of these conditions was associated with prolcnmed RS complexes.
one of the cases analysed had Q33 durations zreater than .12
seconds, which according to Sokolow, (2) is the ucper limit of
normal for left ventricularhyvertrcphy.

0 waves in leads facinm the left ventricle are commen in
left ventricular hypertrophy. However, thelr diamnostic value
is questionable since they are found in these same leads in about
33% of the normal peonle with left axis deviation. Rarely does
the Q wave exceed 3.0 mm, in depth or 2574 of the /R ratio
in simple left ventricular hypertrophy. One case (number 7)
had an anterior wall infarct in the healed stase, which was
dtaenosed microsecopically at autopsy. The Q waves 1n the
electrocardiogram of this patient in lead aVL and V5 were
probably a result of the fibrotic area in the heart ~-usecle, which
was residual of this infarect.

It will be noted from Table IX that gll the hearts analyzed
in this series had at least one of the abnérmal criteria present
which was studied in this series., Vertical hearts showed the
least number of abnormalities, that is, three of them had only
one abnormality, one had three abnormalities present,

None of the hearts showed all of the characteristics of
left ventricular hypertrophy which were studied in thls paper.
There seemed to be no correlation between the slze of the heart
or the left ventricular thickness and the number of abnormalities

exibited in the electrocardiograrh.
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Table 1IX

Case Lelt Tlel~nt Voltaze Positicn nsm.T
ventricle in serrent
thiclmess  mrams

1. 20 rm 500 abnormal horizontal  abnormal
2 15 mm Loo normal vertical abrormal
3. 15 = 150 normal ~ horizontal  abrnormal
e 17 mm Lo abnorrmal horizontal  abnormal
5e 18 mm 350 norral horizontal normal

6. 21 rm . LlLo abnormal horizontal  abnormal
T 16 mm 1,00 normal horizental  abnormal
8. 20 mm Loo normal vertical normal

O 27 rm 700 abnormal vertical abnormal

10. 25 mm | 550 abnormal verbtlcal normal

13 16 rm 1120 normal horizontal  abnormal

12, 20 mm 560 normal horizontal  abnormal

1
!

————-———_—————_—_——.——————-.__

Considered normal when all leads analyzed were with in
those 1limits considered normal in this study, if cne or
nore of the leads showed chan~es berond these nornial limits,
the case was considercd abnormale.

ats
X

SPVMARY OF THE CONDITICIIS FCUND IN THIS STUDY, DITE EELRT WL

BTN TSt ar)
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Levine (23) states that, in his experilence, left vent-
ricular 5y“ertrovhy is invariably fcund at autonsy vhen 1t
has been diarnosed slectrocardiorraphlcally. Since onlT hearts
of lmowm hypertro-hic slze were used i this serles, this |

stasement could not be analyzed in this serles,
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Intrinsicoid
deflection

abnormal
normal
abnormal
nprmal
abnormal
abnormal
ébnormal
normal
abnormal
hormal
normal

normal

Intraventricular
conducticn

abnormal
normal
abnormal

normal

" abnormal

abnormal
abnormal
normal
normal
normal
nermal

normal

Q wave

normal
normal
abnormal
normal
normal
normal
abnormal
normal
normal
normal
normal

abnormal

S wave in
lead I

present
absent
absent
Present
bressnt
absent
absent
absent
present
present
absent

absent

11,
12.
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FARY AND CCNOTUSICHS:

b

The electrocardio~ranhic criteria of left ven*ricular
hypertrophy used by sone of the vresernt day authorities
were evaluated and compared with the electrocardiomrans
of 12 hearts which proved to be hyvertrcwhied at autonsy.
The hearts uscd varied in wei~sht from 350 ~rams to 700
grans, left ventricular thiclmess varied from 15 rm. to
27 willimeters.

The characterlstic electrocardiorraphic chan~es in the
precordial, standard and univolar leads found iIn these
cases of left ventricilar hyvnertrcvhy studied, in thelr
order cf frequency are:

(a) Abnormal RST-T sesment in 757 of the cases. This
consists cf a deprcsoe3 ST-T serrent with uoward

bowing, inverted and asymetric T waves. Depression
of the RIT with the u»rward bowins was more ¢ “ﬂonly

encountered than inversion and %S“Metr" of the T
wave, beins found in 757 and 33! of the cases,
resvectively,

o - ~7
(b) Abscnt S wave in lead I in 587 of the cases.

(¢) Delayed intrinsic deflection in V5 of rreater than
.05 scccnds in LQ; of the cases.

(d) Delayed intraventricular conduction, makin~ the
QL3S com*let ~reater “ag «10 seconds but less than
«12 seconds found in 305 of the cases.

(e) Abncrmalities in voltare of the "RS complex in which

the R wave in V5 exceeds 26 rm. and RaVL exceeds

. 4
11 millineters were encomntered in 255 of %the cases

each.

Left ventricular hypertrophy 1ls wore oftern associated with
. ’ o

the horizontal electreocardio~ranhic nosition (6773) than

with the vertical (33%).
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The same chan~ves noted in V5 ugually anpear in &VZ, ir
the heart is horizontal znd in aVr if the heart is
verticale.

The veltane of Il in VS and in aVL is helpful ir the
diarnosis of left ventricﬁlar hynertrophy., IDach of
these lsads showed hi~her than normal volta~e in 257

of the cases, _

Delay in the intrinsic deflection in V5 is shown to be
an f-portant foatuvre bf‘ left vent»icilar Iumertrodiiye.

This was ~*reator than normal (.05 seconds) in 427 of the

cascs, Delay In intfinsic deflection in V1 of 1onger.thg§

«03 seconds is less important in the dlaznosis of left
ventricular hypertrovhy. It occured in only one case.

The valus of RST-T abhormalities conld not be svaluated
beeause_of the inelusion in this series of four pablents
who were taliing disitalis. This, however, was the most

frequent abnormality encountered in this series. (75%)

- Althouth RST-T abnarmalities and left axis deviaticn

are not specific dlagnostic eriteria, beth can be consid-
sred as being confirmatory of left ventricular hypertrophy
and often becore of dlagnostic importance in this way.

Q waves in leads facing the left vsntricls'arefcemmon,iﬁ

k]

left ventricular hypertrophy but their dlagnostic simnifig=

cance 1s cuestionable. Ravely dees the Q wave exceed 3.0
millimeters in dep‘h or 25% éf the succeding R wave in
simpla left ventricular hgpertrnphy.

Hﬁhbsenae of B wnves 1n lead I- 15 common in left’ vea%riﬁ&lww
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13.

15,

fgés

hypertrophy, but is quite non-specific; It méy bé‘vaiaabléi
as confirmatory evidence if it 1s associated Wit.h the )
more specific dlarrostic criteria of left ventficular
hyrertrophy, however. ,

Vertical hearts show less abnormallties than horlzontal.
hearts in left ventricular hypertrophy 1f these criteria

are used. |

Yo definite correlaticn could be made between the post
mortum welght of the heart and the left ventricular thick5 f
ness gnd ‘the type or number of electrocardiographicssbé ¥
normalities encountered in the electrocardiosram,

Customary autopsy measurments cf'heart‘weight and size’ggé
not precise enourh to determine specificlchaﬁ%sr wall
hypertrophy or accurately deliniate the normal fremgyha;
hyper~trophied heart.

Left ventricular hyparﬁrophy is a difficultfdﬁﬁgﬁésti“%e”
make from electrocardiographic findings. This is gvidencf&*
by the fact that only 25% of these patients wure diagnasa&
as having left vantricu;ar hypertrophy by eleetrecandioa*'

graphic findings anﬁiamortum.

The electrocardicﬂraphic criteria used teday as evf&ence

of left ventricular hypertrephy were~feund #e-bb Variable

and inconsistantly present in this series af aasss;‘i‘

I wish t@ thank Dr. Rebewt L; Grissam for ﬁha excellent

codﬁseling he gave in préparing %hia paparu
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