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INTRODUCTION 

"lt is to be observed, however, that all 
this is otherwise ia tba embryo, l.ilere 
there is aot su..ch a ditfenmce beh"ea the 
two v•tr:1cl.es; but as 1a a double aut, 
they- an .. arly aqwu. in all respecta, the 
apex of the ~t re~ to the apex ot 
the left, ao that the heart preseata 
itaelt as a sort of double-poillted cone,; 
A».d this is so, because ia the foetus, as 
alreaq sai.d, whilst the blood is :aot pass­
baa tbroup the l.ullp from the rl&bt to the 
left cavities of the heart, b&lt now~ by 
the forameu ovale and ductua arterioaus, 
cliraetl.y troa the vaa C&Ya iato tho aorta, 
whaco it 1a distributed to the whole body, 
both Yeatricl.ea have 1a fact the 
office to rtora, wbace their equality of 
coutitutiaa.; It 1s only" wh81l the lUl\g8 
COIie to be used, ad it is requiaite that 
the pe.aaacea iadicatad should be blocked 
up, that the ditferaaces ia poillt of 
atnmgth oad other thiags between the two · 
v•tricles bftG1a to be ap~t: 1a the · 
altered ci:rcumstaacea tho ~t baa oa1y 
to throw the blood throUib . the luae&, whilst 
the lef't has to impel it ~ugh the whole 
body." . 

Froa 'De Motu Cordis et SaGu1aia', by 
Willi&m Barny, . pw>l 1 abed ill 1628 at 
Frallk:f'ort,..am-Mai:a; as traulated by 
Robert 'ttil11a, M.D. 

The uae of Yillia:m. Baney 1s immortal, ad it 1s titt~ that a quotatioa 

from his epoch-aaldJlc • De Motu Cordia et SaJa&u1.nia • should p~ace 

this thesis. '!he discovenr of the circulatiaa did ut tail to poi.at 

out the ditfereace betveaa foetal ad poataatal caaditiOIIS of the heart 

aad ereat vessels. Harvey, however, was not particularly coacen.od with 

the roblalls of the foetal circulation, 811d devoted only a p ;baa gla».ce 

to the au.bject, ~ foettu C01lditioas to illustrate his pSLeral 
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areumaat about the c1rculat1aa of the blood. 

The subsequat Pl'OiP'988 of tho t aa the subject of f'oetol 

c1rculatiaa baa beall admirably set out in the first chapter of Ba:rclq, 

1.Prank:l.1n, ad Prichard• s book ' The Foetal Circulatiaa • , pllhl 1 shed 1a 

1944, but the1'9 1a ao doubt that the u,jor advace dace Baney' e U.. 

1a npNSCted by the ciu-radiocraPbic obaervati<118 ude by the 

autbora ot tb1a book aa the foetal lab. They pl'Ovided1 tor this 

apeciea, a coam.c1q ad ooaplete pi cture of the pattem ot the foetal 

circulatioa1 topti.r vi th the cbanps brou6)1t aa by allowiq the foetus 

to bnatbe and by NYerbl& the umbllic cord, thus a1val nthlg the 

eYe11t of birth. The7 ahowd that the via aiailltra (toraa oval•) was 

f'Uacticmall.y closed vi th1a a tw millut of the ouet of respira1l aa, 

811d the ductua arterioSW!I ldthia a fw llhutee ot Nftraace of the 

umbilical cord. Ulltil similar expe ts are saible 1a hwaen subjects, 

110 direct evidellCe ot the caparable ffallta at the birth of a bum.aa 

beiq will be obtaiJled. 

Quot the last adjustmeata uceasar.y to caavert the foetal 

cardiovascular syat• to oae which i , ill all ees tials, a 811811 

replica of the adult state, coacema the f\m.ct1oBal balaace betweell the 

two vatr.t.clea. MaJl)' authors haY asserted, ca eomwhat al&der evidace, 

that ill foetal lite the two vat ric.lea an ot equal bulk aad that 

tbenfore tlwy do the 88118 aaouat ot wolit. Curiously 11 ttle att•t:fo 

bu be-. uaid to the rate at which this relatiODsbip 1s chapd to a 

f'ullctioaal balace which characterises the nol'll&l. adult heart. The 

detendllati.aa of this rate ot chsap bu 8Gll8 importaace as a source ot 

1nd1rect m.dace abollt the c1rcul.ator., nata at birth ill the humsa 

bei'DB• Ja exceptioa to this c-eral neglect 1s ae 1a the ?lblished 

ata ta of Bradley • Patta, the Aaericaa bryolopst who has co».-

tr.t.bllted -.ch to the tudy of' the foet hulllaa heart. He cla1MCl, as . 
ca be MC from the :,t&tallflllta quoted oa p • 40 aad 48 that the 

''"1:tvaatiptiollS of v. ml.er (1883) Sllpported h1a view that the av t ot 
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birth 1a but a minor 1».cideat 1a the developmeat of the humall 

C81'diovaac11J.ar system, invol viDa JaO ea vhich c ia any way be 

described as rewlutioaary. 

nir1D& the course of the present hvestip.tioa a copy of 

V1lbeJm Jllller' a book ' Die )lass•nl'baltniase dee aracbl.icha Hersen.s ' 

( Die Vei&ht Ratios ot the Huma Heart) • which vu pubJ 1 shed :ta 188:5, 

vu obtablod. It tha. bee clear that rm.ler'e aav•r to the 

pro bl• :ta questioa waa aot that cla:imd by Patt-. However 1'mler• a 

metboda c be cr\li ta sevenuy ori ticized, his COIIClusiau have 

tberafore to be nvised. Jllller' • cna coar,ata aeaa to haw beea quite 

~red by the~ autbo who have Dade UM of his t1nd1aes. 

A :fresh iavestiptioa :lato the rate of chap ot the 

'Nlltricul.ar ratio soem&d tbaret'ore • The :tacts appear to 

be a dispute, 811d the t:rwt :tacts are of imporlaace ?JOt oDl.y ia the 

~ ot bull81I birth, hilt also to the cardioloei,at iaterpretiq the 

chaps which the aormal alectrocai'diocna uadergoes for several years 

after birt.h. 
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(1) Material 

Over a period ot eighteen montba during 1951 and 1952, 237 bearta 

tl'0111Jafata ad chlldl'lll, whose bodies wen broue:ht to the Police 

aortuar., 1n Cape Tow:n, were collected tor 1ayeatigat1oa. The large 

majority of theae death.a were due to aatural causm, md ill these 

CUfNI the bodies were oaJ.y brouebt to the mortuary because no d .. th 

In the miDorJ.ty an aocidct such aa 

o.-rl.ayiDg was the cauN of death. The aeries u a wbo1e 1a 

npJWNDtati ve ot the leu pr.l:vilepd clas8ea living 1n and around 

Cape Town. 

In about a quarter ot the CU88 the poet-.ort. exenduationa were 

couductecl by the author, who 1e indabted to the other patbol~ta 

wlkblc 1n the mortuar., tor the :rwe1nder. The only selection ot 

mater:1al enrciNd was to awid C&NS tel 11ng into two categor.lea: 

(1) those 1n which the heart WllB, or aigbt have been, attected 

by the di eeeae proceea ca1aing death. In particular pneral.1eed 

tuberculoeie of the luaga bad to be awided; tw such caeee, early 1n 

the aerie, ebaved considerable 1'16ht wntricul.ar l\Ypertropby. Beyond 

the two apecimeaa menticaad, it vaa ll80Nllft1'Y to exclude cmJ.y one 

other apec:i.mm, because ot OODg8l11 tal card1ec detect; the details of 

th1.a case are shown on p.13 . 

(2) speciaeDa f'ra 1Dt ta who ~t haft bem prematurely- bom. 

It waa na~ MBY' to cluaif;y the nwly bom iatata, but detection 

of praaatur.lty 1a inf'. ta of 2 .antha or more proved very ditticul.t, 

aa 1.t v rare for the arents to lalov what tile vei&ht ot the baby had 

be& at b1.rtb. In the face ot aalnutrition ad d1eeese, it vu 

cl.early uael.eee to rely au tbe w 18hta ot the 1Dt ta, IIDd there doea 

not aeea to be ,my published guide to the growth in length ot mfanta 

bo p t-lll'81.y, or to the 1nt'l.uanoe o:t malnutrition an th growth 
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1a 1aagth of the mature inf'Qnt under a1x mmtbs of ap. The deciaica 
to whether a putiou.lar 1Ja.t'ant had or bad not t>.en bom pNll&turel.y 

then.f'ore often became a matter of judgement on the part of the 
pathologist ccmcemed, uaiated m aome cuee by the recollections 
ot the parents. These ditticultiea make it probable that some of 
the apeciaaul vere derived 1'l'OII 1Ja.t'anta bom pnmaturel.y', despite 
effort.a to aclude them. On the other hand 80ll8 cues 11113' haw be-. 
axcluded in error. The ditticultiee to \lhich tb1.s selection gives 

- rise aN described cm p. 17 • '!'.be clueif'ication of' all cuea ex-
cept three vu accepted. Each of these three vu tl'Oll a child of 
three months, which vaa conaidered to haw bea bom pramatu.:Nly on 
intemal eYi.dcce of heart veit;bt; the ju8tlf'1.cat1.oa tor this u­
cluaiaa. will. be toUlld detailed ar:1 pap 13 • 

The 234 bearta 1nwstipted were di tributed 1n age groups 
as followa: 

p v.TORELI BOBN 
St1llbom 11 
Aaed, dqa or leaa 9 
Aged 4 4818 or more ..!L 

Total '4 
FULL TERM INF.ANTS 

Stillbom 15 
Apel , dqs or less _1!,_ 

Total '6 
Heonatal periocl ll 
l month old 14 
2 mmtbs old 15 
, IICllltbs old 14 
4 .. tbs old 15 
5th and 6th JIOD.tha 18 
7th to 12th WIOILtba 21 
Sec-Ond year 22 
Third Y9&r 10 

Fourth and subsequent yean 24 TOTAL 2'4 

Tb9 c.1 usiticatioa by ap vaa &rrlllleed ao that the mean age ~ the 
specimens grollped, for e:umpl.e, in the claaa" 2 llOD.tbs old" vu 
approximately 2 montha; on the other band the dea~ti<lll 



"Secmad ~ iJLcludea all SpecDlellS tl"CIII childnll dy1q 1A that 

period. The aae of the •aeoaata:L' cases vas 11 d"78, with a 

taadard error ot 1.9 d"'5. 

This study v particul.arl.,y directed to the aeri. ot f'ul1 

teni Df ta 811d children fl"Olll birth until three years. The 36 heart• 

1'roa stillbom. i:af ta 1111d tboae ~ 1a the finrt three d of lite 

vere grouped together a.a npneetaa 

latillc to them are in.eluded in the tab1 

b4ad1•a "Birth". 

(2) thod 

diti sat birth; data re­

er the 

Collectioa of epecimpp. 'l'be atria ot ea.ch heart vero fl'9ely 

opa&ed, ad aa mch as possible ot the blood 811d clots vosbed a11t trom 
atria ad tr1cl • The v tr.tel were not acised. Tho 

apeciJa was labelled with a aad a refer811C8 m.amber, but ap 01ld 

other detaila w re deliberately aot included cm the label. bl tb.8 

ease of apeciaaa aot pwsczalJ.y colJA.cted, this info tioa vas not 

souch,t uatil the d.issectioa ad veiiJ:)111,:s luid. coi:.pl.eted. The 

epecima.s were tored .ia 105 fo11110l aliae. After 72-9~ houN thc,y 

"'re JWM>ftd ad diasected aeco~ to - om pl.a to be deacribed 

below. By C011trolled daily we~ the loss 1a lr:eight due to stonap 
1a l fonaol aalme tor 3/ 4 Wl3S -...as tcnmd aot to axcesd ~ . ad 

tbia Vas i&ll()n,d. 

Dl.1188Ctioa ot the heart. Throuput the proceas 

ot di8sect1o1l too 8peci:lla. uader iavuu_atiaa vu kept aoiat to 

avoid the lop or \.'9i&ht caused by clrying. The steps of 

diaoectiQll an described belov, 811d 1lluatrated 1Ja .Fie• 1. 

6 



undisturbed pericardium 

Fig. 1: A diagram of the basal surface of the ventricles 
of the heart, after removal of the atria and the 
great vessels; the red lines indicate the lines 
of division of the ventricular mass. Scale in 
cm. A, aortic valve. M, mitral orifice. 
P, pulmonary valve. T, tricuspid orifice. 

(1) A tri ot with erlying ¥ els 
:te eroo the f t b ~ 

the ; erly1ng as lit 
Th18 at t of the sep • 

far the 
siticm. of could In tice 

the inter¥ re Uy 
d the divie1 ac :tely. in 

; occasionally there tb in:rerf.or 

• otb r brenche of 
the co 

' in t en 
• (4) ) • 

(2) ~ di t t, • 
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atrial val.la vere nmoved tl'Oll the upper surface of each v•tr.lcle 

ad tl'OII the eeptua. \rlith upft'J.mc• it was eaay to a.poae with a 

tw strokea of a aba.rp knife the l'Ounded "aboulder" ot vmtr.lcular 

mecle vb.1.ch pnaete 1n the atriO-fllltr.lcular groove. 

(:~) The rla ad pulmonary tl.'UIJk vere naoved vith aciaaon 
at their l'Oota; the &Orta proximal to the or.l&:fn of the coranar., 
arter.t.ea, ad the pulmonaey t.l'UIJk at the l.1?:Jit or the .mtundibular 
IVOCU'(li.ua - a level easily seen with the naked 9Y9• 

{ 4) JJq deposits of sub-per1card1al tat wen 1WIO'Nd w1 th 

their o~ per!carduJ. COftriD8e The Nea1D1118 apeciam was 
now eeparated into 1"16ht ffll.tr.lcular1 aeptal.1 ad left ventricular 
portiau by- the follwiJlg :1.D.cisices. The poaitioll of tbeN mc1a1ana 
• the bual IIIU'tace of the vmtricular mass is 8howa :la F!g. 1. 

{5) With .a f111e pair of eciaaon1 Gile bade ot which vu 
1aaertec1 iato the tr.l.ou.spid opeaillg, tbe .:!ntula41bulull ot the risht 
WBtricle vu eeparated froa the aorta. Thia 1nci81an. paaeed usually 

betvea tba aterio:r ad. aeptal c:uapa of the tr1cuap1d Y&lu, divided 
tJ. tadoa ot the 1atundibul.la { CODWI t..dall) 1 ad YU p1'0l.capd a 
abort VQ' down the aterior intenmtricular SIUCIISe '!'he IIWJOl• ot 
the bLf\adibulull alw;ve aparated :troa the aorta u a ccimplete •usoular 
c;yl 1•cter, which ezt.uled tor a abort cl1.8tace below the lwel or the 

tts.ehmata of the cwspa of the pnlJDODary valve. 

(6) .All illciaiall vu ude troa tbe poat.rior 1atenaltr.1.cular 

au.lcwl 1ato the cavity of the richt watricl.e ht. aw:h a vq u com­

pletely to separate the free vall f:roa the Hptua. The poaition_ ot 
tb1a illc:la1aa. vu to 80INJ uteat controlled by the w.ceasity to insert 
the lmil'e iato the~ bu.tit vu poaaible to 1Dciae too 4-eply' 

1ato the Hptua. Cou1.atmoy is acquind w1 th uperieace, aDd the 

peraoul eno:r m'VOlved ia certa.inlJ' leas th8ll the eft'Or :ia'VOlved 1D 
attapt1Jac to eeparate the left ..-triaularvall boa the aeptua :bl a 
CGDaiatat W1' ( aee ar. 8) • 

• 
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( 7) A s1milar 1ncisic:m. ude f'l'Olll the terior intervetricular 

aulcua into the ri&ht ventricle divided the lut attaclaaat of the 

rJ.cbt ftlltricular free wall to thereat ot the heart. 

(8) ha the anterior 01ld posterior :latervmtricular aulci 

mcS.aicu were ude into the left vmtricle "° as to aeparate its hN 

wall t:raa tba aeptum. These inciaiou avoided the aorta, the intracardiac 

to llake tbeae inciaicma ia a ccw:udatat tasbicm, bu.t as will be abowa, 

the cl1viaiaa of the aeptal tnpmt fl'Gll the tree wall of the left 

ftlltricle b;r j;hig Mtbod oaa be i&DOrecl 1n aal.ya1JIC the weight ratio 
of the two 'Nlltrioles. 

(9) bGII each ot the three trapenta the cuapa or the llitral 

ad trJ.cuapi.d Yal'VN :with their chordae taad1nh• were cl1aaected avq, 

ad the .. 11,mar cw,pa of the aorta ad piaJ-•r., nlY98 wn similarly 

naowd. The nao•al of the aterJ.or caap of the aitnl nlw :naturally 

opaed the aorta videl;y, and acc ... to the pnJ-ar., valve vu obtained 

by cl1v1cl1ag the IIJSCUlar cy-111uler ot the illt'undibulull a1.clllg a coaYellient 

lJ.n.e. The nota ot the two gnat arterJ.u ven turthar trillmecl it 

R8C8118&r., • 

VeigMy. Each tnpmt vaa abaken fne of aoistun by had, 

and ve1Bbed aa a11 o:rdinary laboratory balance to the uanat 0.1 «• 
The abb:rav1atioll8 R, L, and s, will be uaed freely to npruct the 

ve:lsbts in g. of the thne tnpata cl1aaected 1n the vq deeoribed, and 

! the total ventrJ.ow.ar w~t, i.e. R t S .. L. 

(3) Ane]ysis of Obf!rvationa 

The 41.tticw.ty of mterpntiaB the 111.1.tual 1'9lat1onab1pa of the 

thne quaUtiee :a, s, and L :naturally .1'980l"VM 1taelt mto a deciaioa 

abaut the quaitity s. The divioiall of the ftlltricular 111188 1187 be re­

garded aa taldllg place 111 two stapa: the cliYisicm of the rJ.sbt 

YentrJ.cular tree wall (B) troa the NPe1»der (S + L), and the divisioa 

ot the latter :into a aeptal. traptRt (s) IIDd the latt 'Nlltricw.ar tree 

wall (L). !be pl'N&t study 111 closely caacemed with the foetal. heart, 
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which 1a compcri lJith the adult heart, ahows a m&lbd rliht 
vatricular •h.Jpertroph;y' , cHm:ln1ah1Jlc .after birth at. a rate to be 

daaaastrated. It izJ th retore evidat that the ratio B/T, which 1s a 

qwatitative reflection of the firat st of the divisi , will provide 

aoae clue to this alteri:ag relationship.. It raao1ns to b sbo,a 'Whether 

ell, acae, or n.cae ot the scptal f t sboul.d be eonaidered 
11>.]cwagjna• to the 1"14ht de, a pl'OCeduJ."9 which Jd.iht aodit,y the 1m­

pl'888ioa giva by the B/T ro;:x>rtion alaae. 

Ia the pl'Uellt study the proport:iOll /S + L eroreaaes 

qwatitatively the aecoad tap of the diviaioa. 'l'hia proportioJl has beell 

wolkecl Gilt to the aearest whole f!aun ot ptlrCaltap tor each apec1mal, 

aad the ... obserY ticm. 14:th it t error coaaputed tor each ace 
group. 'l'he nsulta of tbia aaal.yaia appear :m Tab1e 1. 

fABLE 1 • . 
roim:ON rm 

Birth 
aaaatal.. 

1 onth old 
2 maaths old 
:, m tbs old 
4 IIDDths old 
5th & 6th th.a 
7th-12th mouths 
2nd year 
3rd year 
24 opecimell8 
from 4-16 yearo 
20 o,ecim ... from 
pnmature 1.Jaf' ta 

t birth 

S/S+ L 
per C t 

,2.6 
32.7 
,2.4 
32.0 
31.1 
,i.9 
;2.4 
}1.9 
,o.a 
31.4 

otadard error 
of the mea 

0.54 
1. 29 
0.79 
1 .03 
0.65 
1 . 0, 
0.65 
0.55 
1.44 
1.17 

0.63 

1 . 23 

o f'16w'e :1JI this table di1'f'ers a1-if'i catly from any other. The b.fe ce 

is clear: 1Jl tb1 aeries of obsel'YatiOIIII the septum (more correctly the 

septo1 frapat divided) follows the tree wall of the lett vea.tricle 

10 
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in ita increase in wei&ht sl.av1ab13, 111d 1a DOt 1nt'lumced b7 the behaviom­

of the rJ.gb.t WDtrioular tne van. Ia other wol'ds the divillion of eeptal 

traament troa lai't wntriow.ar :tJ.oee val.l aq ~ be f8Dored, IDd the 
@en in nlat1aub1p betvam r.14lbt -,. left WDtrJ.clea Jl8&8ID'lld by the 

ratio B/T alcne. 

It mat be ~ adaratoocl tbat the coaoluaicwa a the lat 
pangrapb do Iii .... that tbe Nptum by 1 ta cmtracUcm doea not aaaiet 

the rJsbt watrJ.cl.• as ve11 aa the lett; mt a1mp1.y that the 1nevitabq 
end• aalyld.a of the et1'UOtun of the heart vb1ch U".lNe tram arbitrary 
cuta cUvid1.ng ita parta cannot detect the :tullct1onal 1"8laticmaMp of the 

Npt\111 ad the riabt watrJ.cle. i'h1a met be particularq bome 1n IWld 

1a cana1derlng the f'Mtal be~, when the ho fllltr1clee an ap roximateq 
equal 1n bulk • 

.&a a nsult of tb8ae obaenatiau it wu ctec1cled to 8D8l.pe fn detail 
the cbalgea tn vei&ht O't the 1'18ht wntrioular tne va1l (.8) • the rema1uder 
ot the vetrJ.cular uaa (S +L) ,, and the total wntriaul.ar ve141ht (T), v1th 

the 8Dle sifp,1fic111t ralationsbip a/'rl,. ThNe aocol'd1ngly an the 

quatitiea reported ill the follovtac tahlee ad grapba. The proport.1cm 
'B/fl, vu oal.Gll ated. to the D.ea1'98t unit of puceatage tor each heart. I.a 

Table, the obaonatiana ot tbe proportiCIII s/StL are reported 1:a greater 
detail.. 

(4) Beau.1.ta 

The nsulta an nported 1n Tablea 2 and 3, the tint dealing with the 

absolute veishta, 1114 the NOClld vith the ai&ldficat proporticma. In each 

tahle the rasulta an oolleoted bl the ace groups a1.nady deecribed, and 

oppoeite each ace appear f'our obeervaticm8 tor each quantity' 11888U1"8d; the 
... , v1th its etadard enor (a.e.m.), tbe rap of obeervatiou, awl the 
at.dar4 dfflatian (S.D.). 

Ia Tan. 2 8114 lader BIT 1:a Table , thel9 an tCNr ape tor vbicb 

altematiw meaa aft ottered, in each cue attar exclusion of cme specimen 

ha the group. flie 3wstificaticm tor the excll:usian of tbeee caeee, aud 

tbel"etore tor pnterr1Jlc the altematift ti&m'N, nov tollawa. In each 
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ot the tour caaee the obee:rvatiou made an the uclud9d specimen an 
coaparad with the other memben ~ the g:rou ill a 118D118r which should 

be ael.1"...xpl.anator.v. 

Cue (1) 
... w apoct R S+L .T Bi 

serJ.a1 nmaber 223 10., 11.0 21., 48 
next hiBbe,st R Y8lwl 6.8 9.0 15.s 43 
nut ldgbut B/T value 4.9 6.0 10,9 45 
... 1Mlnd1ng no. 225 5.6 a.5 lA.l -,9.2 
... «mlud1ng no. 22:, 5.1 a.:, 1:,.4 ,a.4 
Case (2) 
;i. -~ 9151 
aer1al maber 59 n.o . 12.8 2}.8 46 

xt h16beat R value 6.4 15.4 19.8 32 
uzt b:i&beat B/T value 5.9 9.:, 15.2 39 
.._ illcl.udug no. 59 5.3 11.2 16.5 ,2.0 
... nlihad1ng • 59 4.9 ll.l 16.0 ,1.0 

Ia both theae caaee the right vmtrimaJ ar tragmant w1gb,J tar more than in 

the other maahera ot the age ~ In neither t.Mre lll1Y' pulmraary 

atenoaia or otbe2- CCID8'ID,1. t Ca1'd1ao datect wb1ch Jd&ht have explained 

tb1a ~pb-v, ad there vu no opportmit7 ot exam1»111$ the 1Ull88 ill 
detail• It -.v tati~ be smm1eed t these 1D:f' ts sutfered 
tJ'OII 80ll8 tom ot puJrnmar., 1\vl)ert ot early cmaet. In 

cue each aeaa to dil'f'er sutf'1c1ently f thereat to __..t that 
it :ls mal, ad to )1atify ite ucluaiaa tmm tbe group. In Table 
2 C be the JMrked nctuctian m the S. D. val.UN ill the R colUllll 

vhich the ncl:wdm ot the casea occasions. 

Case(:,) 
4 pmtba old 
serial number l.3 
next· h1peat T ftlue 
nut hi8hest R val.wt 

1Dclud1ng uo. 15 
ucluding o. 15 

R 
10.2 
6.5 
6.7 s., 
5.0 

20.2 18., 
14.8 
1,.1 
12.6 

T 
,0.4 
24.8 
21.5 
18.4 
17.6 

Ia this c there a peara to be a gwul'allsed hypertrophy of the ventriculu 
maaa, 1a additica to an 1u:u1snel prepcmderance ~ the rlgbt ventricle. 

12 



0£ 6 g. :tram rt b t specimen 
12 f tbe em suffic1. t to label t heart • 

~th n t-L T n/ 
aer.1.al Jl\lllber 24 2.6 6.9 9.5 27 
next ee]Jeet T value ,.6 7.9 11.5 JI. 

1ncluding • 24 5., 1,.2 18.5 28.8 
aean excl.wling no~ 24 5.5 13.6 19.l 28.9 

'l'he wry a1M ot ·W.. , only' o.6 g. the T value 
enoountered the ~ tem ~ ta at birth, sugests that the 
me t 1'l'OII wb1ch the heart oam.a had been p tuNJ.7 bom. It mst be 

does not 1'9Bt such f1m Bl'O'md 

wide that the excluaian ot th1a one case doe8 J10t alter the Jl88D8 or 
dm.ationa ftl'7 llDCh. 

Follr other cues we:re e:ml.ud4d batore the tablee were compil.ed, 

4 5 • The three apecimens :troa the 
age f!l'Olll) . thme ptba which n couidend NBature showed T Yaluee 

or 7.a, a.,, a. •· raspcictively; theee f'18uns ahould be compand 

id.th the of 18 g. tor h otber llllibem of the ace group, the 1"8Dge 

o:t obaervatioos ertcd:Jng 1"mll 12.a to 26.2 g. 

aerial IIUllber 21,, vas alao tl'OII Want &pd , -.the, gan these 

fte\llta: R 17.6 B•t· 19.1 S•t T 36.7 B•, R/r • 1'h1e WU such 
a gross case of .r.1.6bt ~trlcular ~pb_y that then wu Jlffer rm:, 
doubt about mlud1Dg tb:la oase :tl'OII the eerJ.ea. 

1, 
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(5) l'llterpntation of the Results 

In the tollcndJIB atatenenta about the chanpa 1D the various me 

t~s, no cbaDge bas 'b94lll couidered isnificaut tmlems ehown to be so 
by the •t• teat, with a pl'Obability 111111t o:t 0.05, and II08t of the 

eha1lpe on vbich atnu will be laid exceed the pl'Obabili ty l1m1 t o:t 

0 . 02 or 0.01 by the .•t• teat. A rouch check the validity of the 

atatemeata ude 1e ava.ilable 1n the etaDdud errora of the aeSD.8. 

T value The total veatrieular mass appeara, from the fi a 

ill Table 5 to blcreaa in a rather irregular step-like :tashion. There 

1a little doubt that the irregularities would be smoothed out if the 

mabera 1n each group were Ye-ry mch larger. The rate o:t hcreaae 

npreamted by the gaia of 2.5 C• cm 13.5 (1 ) 1a the tint maath 1a 

gnater than at arr 81lb8eq1181lt period. The aaae atat-.t cm be made 
about the 1norease ot 4.5 g . c,'1'> in the tint three J1011ths • . .After 
this poillt the erro of the do not seem to juatHy the dre.vilJg of 

a,y other tba a a~t llJ!1e tbrou,;b the inta on the graph ( see 
Fig. 2) i in other words from the age ot three maa.tba aawarda the .rate 

ot iacreue in total ftlltri~weigb.t is probably N880Jlably atead,y 
at about o. 7 g. per IICllth. 

S+L veluee lleN the contrut be~ events 1n the first 

math ad the llllbaeqwmt rate of growth 1s still more atrildng. A birth 
weight ot 7.5 ,r. 1ac1'8aSN to ll. l C• {48%) 1n the f'il"Bt mnth. Thia 

spurt rapidJ.3 ceaaea, ad atter the ace ot three months the fi8urN 
... to abow a stead.7 rate of blonaae ot bol.lt 0. 5 g. per month. 

Ii valuea '!'hen 1a a sharp nducticm ot the ve16bt of the 

right yetr:l.oalar t.ra.-t ill the first moatb aaountiag to a loas o:t 

about ro,g. After tb1a the figl.lres J e1n stable, or incNaH sl.18llt1Jr; 
the loveat ~ ta the colua, 4.7 C• t 2 tbs, cazmot be 

diatiJIBgiabed tram 111'3 which follov until the f18un ot 5. 5 C• at 5-6 
IIODthse The birth w of 6. o g . 1a J10t np1aed until the 88C011d 

half of the first year, and 1a tirat exceeded by the figure for the 

aecond year. The laat three figures m the colum euggut an aenee 

16 · 



• 

rate of growth of just over 0.2 g. per th. 
Solle doubt be felt about the validity ot the 

1'88Se4 in the last three , 1a view of the arbitrar,y selection 
of the tal c 1D. the effort to avoid p tu.re subjects. Thus 
it too~ vere excluded the p ce or id grovth ors L, end 
also T, the first three tbs 111Bbt be apuriou:s. On tho other band, 
it praaature ere included, the the tro. of the right 

tricul.ar free wcl.l ld&bt have :ted. How r the two 
pa.rte iato wicb t.be tricular VO in OpnotJi te 
direct rapidly the other r.hr.lnldng, the tw 

extent cAlicel each other. Thus 1f' turea 
were 1Bclnded9 tbe id increase of S + L would be dif'ficul.t to 
account tor; 1:£ too 1UDY spee era excluded 1a error, then. the 
tme shr.mkage of the riBht triaular r more 
atrikiJlg it already appears. 

'l'hs ohaDaes :1n R, S + L, Tv 
sbo 1n • 2. 

IV' yp.l.ueq The variation ot the obaervaticma :t the --figures is mch le ... a ia tho c ot the prol)()rtiou.s rcported in Table~ 
thau it is hi the caee of bsol.ute we1gbts :1n 1.l'able 2. The atan.dard 
deviations 1a Table 2 nraae ~ of the aeaa t1gurus, while the corree-
pcmd1na compar1 in T J.e :, shows s • • f'~ usually about 1~ ot the 
ll8IL In other wrda the pl"Oportianate dnelo:paent of the ho 
vmtr1cl.ee is leas Yarlable tbau their bsolute weight; th18 ccmclusicm. 
1s aot, pemapa, ver., Slll'priaing, but it doee Dd1o :te that the metbo48 
used do rouonably mear_n the 111tual rel.ati<lllllhip of ri8bt ad left 
'ftlltricl.es. 

Startblg v1tb the birth ~ ~ 44%, the B/T figure drops 
sharplJ !A the tint th to ~ . Th1a ra d chap ~ .relaticmab.ip 1e 
brought abollt by the weight chape ill opposite directiou which have al­
~ beell ._st rated - the ~ropby ~ the aeptal frapmt ad the 
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l.ett watr.low..ar hM v&ll coabined with the atro~ ot the r:l&ht 
veatriaular t:Ne van. T.bia rate ot change m relationship ot the 
ho ftlltriclea ·1e not approached 1n the 811beequ&t aontba; 11l tact more 
tba tbree-quartera ot the total chaqe aeeD. 1n the Tab1e ocoun m the 
f1rat llimth. 

Die ..,. fi&ure ot at GM IIIDllth canot be c1iatingu1shed 
tatiatically .tl'Clll those that tollov :til the ncu:re of 28.4% at tour 
.. t.ha. After w.. pomt it ill poeai'ble to demaastrate obao ODly by 
oaaparJag tbe 45 OaaN m tbe per1o4 , - 6 maths vi th the Tl oaaee troa 
the 7 - 12 acatha a4 llllbaequ&t per.1oda. The .... tf4p1ft tor the 
Nrl1er croups ia 28.7fo ad tb1a 1a tGUlld to cW'f'er s1&a1f1e Uy f'rCIII the 
.... ot z,. tor the later caaes. Stabili\7 1B rNOmd nth thew fi&u:re 
ot 28.~ at 7 - 12 110Uths, because thi8 value t be dfflermtiatect 
fJ'CIII tbe mea ~ vb1ch f'ollow. 

It ie poa,sible that an :Inc 

would sbov up t'urtber ~t w1 th ; \.1.1:h the S.D .. figure :re­

wl.d 00 D.eee8Bal7 1n each 
ot in the tigu:ree, aa4 

C.t.Llilut;u of o. .bl 
t~. a prsctical point of vifi there seams to be ao 

ob,,... 1a the nlatin develo t o ro tr1cle:s er the tint 
a1J: tbs o_t llf e • 

'lo recap! ulate 1n round t1gure, the B/T proportion cllar.lpa 
frma at birth to a steady l.evel of t 28% :In 31% =mths. ot the 
total drop ot 16%, 1 1s achieved m the first th, n f'Urther 
betw one Gld three tbs, betueen three 
~~ ~~ h~~ 
Eri.dmee vill be pl't! ted l ter 1 
as is f'OUlild in n.omal adult heo.rto (p 45 ) • 
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frreture Caaea 

troa ilat•ta CGIUdd.ft'ed to have bea bom pnaatural,7 wen · alao 

eum1ned. The 20 which were troll stillbirths or troa 1nfante d,Y1.nc 

1a the tir8't 3 clap gaye the tollowiJlg R/T 1'1auree, which compan 

1'NMDably well wlt.h the 1'1auree Ullder 1B1.rth1 1a Table ,s 

~ me s.-e.m. l"Ollp S.D. 

Premature intata 
at birth 42.0 0.99 '4 - 48 4.4 

'lboN wb1oh &IU"Yiwct laDpr th& , ~ were too tw to analyae 

colleoti'Nly, ad an :aaw 1'8p0rted 1Adiyjmae1Jys 

Praatun 1nfenta Bo • 
.. welt ol.d 6 
two weeks ol.d 1 
tbne week8 ol.d 2 
one -.th ol4 1 
thne months old , 
:tour IIGlltbs old 2 

B/'t/o 
,.,, 40, 42, 44, 44, 45 
45 
'°• '4 27 
26, 30, 36 

29, '' 
TheN fi&m'ee, tor what thq an vortb, ahov that the 1af'l.ualce o:t 

extra-11ter.tne 11:te • the heart Sa tbe ._. tor tbeN pn11a:tun 

ilat•ta as tor tboae bom at Nl t.111; particular~ atrildDB are 

the Y8luN at three weelal ad au IIGlltb old. 
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TliE •ORK OF • MULLER 

Wilhelm 1-mler publJ.abed his book on "Die llas8amml1l ta1 ase des 

mawchllcha Berzas• h 189}. The arch ·h1ch this author mdertook 

ia still ot im!JC)rtmce. beomu~e the wo:dt ( Oil hearts o~ iarata ad 

cb1ldna) do mt app to bav bMIIL :n., ted 1a the twentieth cmtur,.. 

A.a vill be aho'wa, tm.ler has bes much quoted ad misquoted by subaequeat 

writers. 

h} IIUler• s t.bod end Rasul~ 

lllll r w mt ted 1n all pects of wei&ht ot the heart and 1 ts 

parta, bllt his v tr.1cular vei4P1hp are all that caacem the :ol"Utllt 

study. He di8aected '5 baarta haa fo tu.ea weigb1JIC aore th81l 2.5 kc•, 

91 froll 1.afata dyiJI& :la the neoaatal period, 167 tl"Cllll Dfaata ~ :la 

the ap period 1-12 1D011tha1 41 fl'OII the 2ad year, 29 from the 3:rd year, 

'6 tl'OII the 4th ad 5t.h ;rears, 31 tl"Oll the 6th to loth years, ad 

npreaatati.,. maben tl'Olll adoleaceacea ad adul.te up to the math decade. 

Be cli&Hcted the bearta 1a the :CflNih st&.te. 1a order that then ehoulcl 

be ao doubt as to hi.a procedure, the foll.owiJlc quotation above bov he 

SG-p&rated the toul trimilar 11W troll the atrla, and divided it 

iato thl'9e porti.oas• dz. a r:labt ,,..tr1cu1&r, a lett 'Nlltricular, 

ad a Nptal tr.pat: 

" •••• wird der rechte Vo:rm:t durch ema der 
IOnmas der Vaa cava :ilaferior zu jaer der Vaa 
caw. w;>el'io.r ~e Scmd.tt e~et wa 
m.ut md. GeriDMln ~. hie~ die h1Atere 
Waad deo recht• V•trikela U11.ter IW'cbabuidtac 
dea Klap~= m%1J.chst in der :Flucht der 
Kamerscheidewad wa letzte:rer a.bptnmat. E1a 
.zveiter Scha.itt 'bwat 'fOR der~rie 
~ die vordere &1ld des reehte 'I trikels 
vam Se!>tm uad ~ s1ch m:it d• erst. a 
dar Spits. des ncbta V•triltela. 

lhk• Vorbof werda erst die E:l•dbacbmc­
stellc der rechten, da jene der lmk• Luapav--
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~ Ulld 80dam de.r Vomot cb1rch emen 
quer zviaclMln beidene1~ E1maftnchmpn 
wrl.ai:taad& Scbai tt geBtfut. Bieraut wird 

die hmtere Wal 4ea linkm Vomote qlichat 
1Jl de.r P.l.ucht d .. Septua vaa letster. 
abpbwat Ulld die Abtl'l'IDDmgt m.ter nuch­
aclmeidrms dee D.apparJ.nga. d die bmten 
Wad 4er 11•kw V•tr.lltela ao i'ortpaebt, 
clau die ldate:re Papi J l amPonl. • fft1c 
ahacbn1tt bleibt. Dar swite Scbldtt w1rd vaa 
de.r Spibe d .. J1nkaa VctrJble chlrch die 
wrdere Wad 11Bglichst . in der Plucht des Septum 

gef'llbrt, Ulld Jilt VU'lldcJqpg der Luqaarierie 
Ulld du linlcm Berzohra 1n die .Aorta i'ortguetst. 
Der wrden .P pill&1'111**1 bleibt dabe1 
gle1cbtal.le am J 1nkm Vaitrikel. • ••••••• 

lach Emebung der patbol ogj -,h-, Betuade 
werd• die g.ro&IND .Arteria llDp der -u. 
der balbaondf'&ndga Klappa YCIII u.n- abptrenut, 
hieraui' die be1d-. VorhBf'e 1m i'tMU der 
lCl.app-.r.mge vo». den Kaamem• &dllch die 
Vo~ucheidawmd wa jaer de.r K am, velcb' 
letzterer Akt grGaaere Voreicht eme1acht. 11 

"The right atriua ia opeecl b7 a cut J'lmninc hom the 
1n:terior to the su.perior 'YE& cava, ad cleaned ot 
blood ad clota; thm the tibrouo r.blg ot the 
triauapid nln ia cut th1"0U8b and the posterior 
wall of the ri&ht YaatrJ.cle aeparatecl i'l'Oll tbe 
septum by dividing ita vall u close aa pouible to 
the llae when it joina tbe 88 tu.. A NCODd cut 
atarta hom the p11JJDC1Dar., tmnk ad separates the 
ateriorwall ot the r.lpt Ymtricle £ram the 
aeptm, jo.ilwag the f'il'at cut at the apex ot the 
wntrlcle. 

!he left atri1& ia opaed f'irat b7 jo1nin8 
the optD,iDp of the ri&ht palwae17 ft!na, aad the 
tho 0£ the left aide, after 'Which a trauverae 
cu.t betwfa•the two aide~ completes the 
proceu. ' 'l'hm the posterior wall of the le:rt 
atrba i8 ae aratecl i'l'Oll the aeptum u close aa 
poaaible to were it joins the latt r, and tbe 
diviaioa cc:mt1rnaed down by a cut rurm1•g through 
the tibl'OU.8 r.lJI& ot the mitral nl.ft and dowa 
the poatariorvall ot the lett ftDtricl.e in such a 
v,q that the posterior 1llar., macle :remain• 



vi th the panted free vall. 'l'be aecmid 
cut starts traa the apex or the vmtricle, 
runa up the a.tenor vall aa c.,l.ose asible 
to 'When it joiu the aeptum, 1a cantinued 
into the aorta; care abould be takm to 
avoid C1.1tting the pul.manar,r trunk sad the 
auricle ~ the left t The terior 
p p111ary nwcle s'1Jrtl arly w1 th t1-
aeparated left vantricle. • •• 

After the thologic c.haDpa haw been 

~c:,rded. the 61"e t YeaSel 88 a.rated ha 
the heart al.mg the liJae of tbe ttacbmat ~ 
the sad.li.mar cusps ~ the rtic 1111d pu1.mm&ar.f 
valfttli both atria an cut a,,,ay tram the 
ventricl at tbe level of the fibrous riDG's ~ 
the m1.tra1 ad tr1cusp14 Talwa. Lut or all 
the atrial aoptua is cu.t 1'rOlll the ftlltricular 
optum, procedure vhicb dennwds great cae." 

He was thal faced, aa all who invest te alallg tbaee liDea 111W1t be faced, 

vith the pl'Obl• of' elloc tD& the aental. f'rapent. He decided to 

inveatipte its f'mlction by envdn1ng it cballge in we'4Jht in C8898 

~ right md left vmtrlcular hypertrophy. 'l'be st.pa or h1a aipmmt 

wre as i"ollovai 

( a) The averap observat101&8 :In all the .adult hearts 
fl"Oll the age of 21 to 90 ere, in gr mee . 

R L ~ L/R 
418 males 54.1 100.0 n.s 1.84 
318 temalee 43.9 77.7 56.4 1.77 

(b) TaldJlg all casea when L/R vu lesa tba 1.4 as 
rep1WNDtbag caaes oi" r1&ht 'l'Ctricular hyperirot>h1', 
but ncludmg e cues vhere L vu lea tbG 81 g. 
ad t-1.ee where L was 1eas tba 6:, «• 1>ecauae the 
• Atrophy' of' the left watric.le 1'9l>l'98alted by- theae 
1ov figu.ras ~t artific:tel l7 lover the L/R p:ro­
portic:m.1 average flgu.ru w re obte1Pecl as follows: 

~t Vctricular ~pq 
R L S 

28 11&1 92.0 99. :5 · 84.9 
52 taaalea 79.0 76.6 68.2 

It the tal tragmmt bad anlarpd in proportion 
to the inc :In tbe r:f.e,i1t vctricular frN vall1 

it would have ve~ = mon.tbaa th~!gbt 
the roportion ac reuoe m P 

expected. inc :tn aeptal weight 
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uas .260 in the u1.e serlea. and .261 in the 
female~. 

(c) .I aimUar calculation as applied to cases ot 
left ventricular }m>ertroM.Y, clef .lned aa caaea 
vbaN L/R a.ceeded 2.4. o male caaea Wl"8 u­
clud.ed an acoouat ot conccmi tant • at:ro~• ot 
the riBbt a1de1 bl.lt in tbe f'•al • a lower 
liait ot 3} B• was aet. '!'he 1'9E1Ulte wen 

Le.ft Ventricular ll';ypertroplv 

64 ulea 
:,6 tamale• 

R L S 
53.9 157.5 96.8 
42.9 126.7 77.6 

Hen the ratio ~tual incre . e in aeptal weigh 
expected inc%'03Be :1.n ·eoptal weight 

tum.a. out to be .607 !Jl ·tba malaa ·md .597 1a 
the f'enmleo. 

(cl) T1wre ....a to be good agnaamt with the 
fiDd1Dp m the two NDa 11'1 both typea ot 
b,JpertJ:'Opb;,-1 aad it vu felt that tlwy could 
be coap81"9d in this way• 

males .2f>O / .607• 1:2.33) average 100 / 251 
fanalee .261. / .597 • 1:2.28) 

( e) 'l'henfore the 1\mction.al di v1a1an ot the ae tal 
frapent should be 

0.6979 S to be added to the left side, 
0.3021 S to be added to the right side. 

UBDg the :ti&mU derincl m this V&:31 ml.er applied thaa to his obaerv­

atiau ut onl.3 an adalt bearta, bllt al.so aa ·a11 his foetal, infantile, 

ad cb:U dbood specimeoe. A selection of his SUIIID8r.l8ecl ~ ie 

pl"U811ted in Table 4. 

explanatory. Each tigun npruente a separate DINII obeervaticm. tor 

all the OaNII ta the app:roprl.ate aex ad ap cliYiaica. Ia the f'ourtb 

and t1fth colmme of wei&ht ob&ervati01118 are ... the corrected R ad 

L fifplna, after the additi.Clll ~ the aepta1 porticma bl the stated va,y, 

and in the ad.xth col the mean observation. ot the proporticm: 

corrected B/correctecl L. 
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comparison of the fi&uru tor the first IIO'llth 
ot e:rlre-uterJ:u life with tboae ot later foetal 
life abov8 that ch1rJJag the tint maDth after 
birth the right Yf!lllltricle loaea we4ht, ad the 
la.rt ga:1as weight; lose ad pia OOCIU" lllllCb 
more rapidl.3 1n the tint ad .NCOll.d veeka tb8D 
1n the tbi.rd aad fourth. 

'J.'he cause ot th1a obap mat be that birth 
nl18Y98 the rl&ht YCtricle ot .,.. ot ita won:, 
whil• the l.e.f't watricle ia iacnaaingq loaded ••• • 

· p.212 '(5) After the ptilmc:mar., and ayutendc circu­
latiana a.re completely separated, hich appea:ra to 
happm at the beG1mdng of the aaccmd man.th of 
life, an uuqual increase 1n weight ot the. two 
Wlltriclen takes place, which coutmuea throughout 
the :rma1nder ot the fimi year. Ill this wq the 
pe t pro;,ortian. between the wei&hts of the two 
Telltriclea la first eatebl1abed at a time wha 
Ddepmdct aour.l.SDH11t baa started, ad the 
bl.tat leama to walk upright. 

(6) 'l'h1a ::,roportim 1a upzwNd by the 
f'uncticm.al index; tram the eecowd year GIIVU'da 
th1a llho'W8 a average~ of 0.507. i.e. the 
riabt YWatr.l.cle ~ abollt bali' tbe left. 

(7) The proportion betw8Ell the two 
Ye1Ltr.lcles does not alter with t1M atter the 
f1nt year. The .Yad.atiau about the avenge re-, 
fleeted bl the tables an naturally explained by 
iadividual variatioa ad by the aon aocidatal 
1Jatluace of certa1a c&WIN of death Sa the 
Yartow, ace periods. n 

(2) Cpppset .. eriticim of !PJ•r's wom 
lfaller'a wolit was wr.r thorough, ad 18 still of gnat iateraat.. However, 

he camot todq escape cr:1.tfets based ca aoclem atatiatical practice. 

Sllch cri ticiall ot detract t the val.us ot the wolit ?lll1er ilid, 

tor statiatical ~ ' lo>f •aa vu not aderstood a 1880. Ia tact, 

s:mce mu.er pub] iabed detail.ea protocol.a :In his book. ·a ~• 

of h1a figuna ..a t.be moat 88Uible Wag to do. i'h1s bu bee 

attcpted• ad the l'Nlilta ot the aalys1e ad compari8Gll of the fi&uru 

with the author ' s results are given below. 
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m.ler•s own CCJGLZ•ta cm these figures, 1n ao tar as they help 

to ahow the course ot the trautormation ot the toetal Tmtricul.ar 
ratio dur1Dg postnatal. lif , are again aet O\lt fA full , as they appear 

to hoe beea 1~ 1811,ored b;y those bo have quoted him: 

p. 210 ". udie Verteill.mg der Arbo1 taloiatuag t»Jf 
die beid• Vea.trikel. e1aa adre wil'd, und 1Jl dar 
'Dlat erglebt die Ve1'8le1dulc der Zahl• dell eratc 
Mau.ts dea trei• Lebeu mit j•• de8 sp'ltere 
11lnbryo].ebca clua der rechtell V•tr1kel ill Verlaut 
dee erst. J.ioD.ate Jaach der Cebu.rt abrsinnt, 
der l1nke aa Muse zim1..t; Ab- 1.111d ?'anebN 
erfolgm in der erst& Ulld zwei t• Vocha raacher 
ala h der drittm und viert 

Di.a Uraacbe der Yerllldenag k8lm nur liege 
in eher durch die Gebllrt ~ l!atl.aatl.D'.lg 
dee rechtaa, e1ne mnebmr1'e Belutu.g du 11nk:m 
Ventrikele •••••••• • 

p.212 "(5) Auch Jaachd der b hluaa dea JAmittm­
kraialaufe wa KISrperkreialauf'e eila. wlkla rer 
pwo:rd• iat, was m .Aataiaa d .. zvait. LebeoBllOData 
der Foll zu aein pfiegt, f. dot eine UD£1.eiohe 
Maa8tlll2DIWlle be:l.de Berzkewem atatt, el.cha Bieh 
durch dm a.,.,_ Baat dea arsta jahrea aratnckt, 
aodat em - z.ait, ill velcbe gwelmlich die 
ael~ ~ uad die Erle:numg dee 
ml'1'9Cht. Gampe flllt, claa bleibcde Verh'lltnia 
zw1achm cha Jtaeke1•ae•• der be1c1III llemalaen. 
mr Awlbilduag ge1-.. 

( 6) Du Vemal. tn1a t.wtet •in• .All.adruck 
im tlm.ctionellen Index; dieee hat wm Zweit... 
Lebmajahr aD 1m mitt• d• Wert wa 0 . 507, d .h. der 
1'8Chter Veatr.1kel bat aonlbenad die Bllft4t der Masse 
du link 

(7) ll1e veitere 11mehle dee Altera aBdert 
daa Vemiltnia sw1schlD rechter Ulld l1nJrer 
henkamem nicht. Di Abweichungea vom ttal., 
welcbe die T-abelle uuf'weiat, elkl.ara. s1ch 
~ -.as ~r 1ad1Yiclue11• Variaticm Ulld 
wa d• 118hr zutol.11gen Uberwiesa bestilllater 
1'odeauraacbm :In d• e1nzelnc JJ.teratuta. • 

A trrmslatioa nma: 

p. 210 "··· the ahariJlg of work betw the tvo 
vatricl.ea 1a aotberutter, ad indeed 
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Taldlag hi wl'k at ite face value, aeveral criticima are at 
oace apparct. (1) Bia desoripticm of his divisiaa of the heart is vague, 
for exaaple the key word.a ":bl der Flucht des Septum., are :aot precise 
aaough. Ia particular the au.t from the pul.mou.ry t:nmlt dO'WJI. the frat 
wall of the right veatricle is liable to le :ve quite a portiOJL of the 
11W1cular wall of the cOJW.S with the aeptal frap•t• 

(2) The argume11t J.mler develops about the Hptal frap•t 1a 
opa to aerioua objectiO?l.3. The •aTerage' obael'Tatioa:s seea in. para-
graph ( a) of the SUlllllar.Y of his argumat (page 22 ) c&mlOt be ·coaaidered 
u nprea•tative of a 1:aormal' heart, becmse the series from 'Which they 
nn derl.Ted. hcluded all the oases of heart disease ae well as the heart• 
from thoH d,;y1Jlg of diaeas .. aot aff'ectillg the heart. lJL paragraphs (b) 
ad ( c) Mllller appears to have Nlected. the caaea so u to pron.de a 
rauoaable ooapariaoa between the Ullaffected Teatrl.cle sad the •aol"llal.1 

fi&una 1a paragraph (a). Ia the cue of the heart. ahowiJlg ri&ht vatzl.cular 
lJn,ertropl\r, iupectiaa of the original fiJld1•ga ahow. wide variatiou 1a 
the pro rtiou of R, L, d s, to each other, aad it would be difficult 
to ahow that the aal1 rise i:a septal veie;ht wu outaide the 11.m1.ta of 
obael'Taticmal error comb:iJled with variatio. inhel"alt in the structure of 
the various hearts; certainly it canot be daae 'Wi.thaut k:a.owhg the 
Tari.ability of obael'Taticm.a aade aa the •umai• haarta. 

(3) lext the arguaeat h Paracr&Ph (d) (page 23 ) CaJmOt be 
accepted, at a;y rate iJl the fora h which it 1a pNNllted. The tact 
that 0.260 + 0.607 doea li.Ot equal 1.00 is ut diacuaaed. 

(4) A theoretical. didsiOJL of the aeptum derl."ffCl h this wq 
fl'QIII a study of adult heart• ahould ut have beea applied ud1acr:l.mhatel.y 
to :foetal ad early poataatal hearts. J'or uample, h the hearts :l'rom 
hfata dyhg h the firat wNk the right T•tricular frapaat outweipa 
the laft11 yet Nemae of' the unequal diTiaion. of the aeptua the proportiOJl 
right to left v•trl.cle expnssed 1a the ratios in colum 6 ot the table• 
UIOUD.ta to little more than 0.8 • 
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(5) A further difficulty ia a p t the hearts f'rom 

early 1at: tile lite are caapand "1th tboae tram tull-tem toetuaea 
ve1gb1•g 2.5 Kg. or mo • For COllYEia:ace the Yaluee ot the .... 

total .,, trl.cular maae tor the various ase groups 81"8 eet out 1a Table 5. 

TABLE 5 
MEAN TOTAL V'.cftRICOLAR •. 

mler'• data 

o. t. ill g. 
.:.>till m 2.5-3 K 15 15. 1 

;.o K & JtO:re 22 18.1 
eoaatal lat 'Wemt '' 12.0 

2Jl.d week 28 12. 8 
3rd week .15 13.3 
4th week 15 12. 9 

Ia:tat• 211.d 1IIQll th 28 12. 4 
:,m l:IOUth 30 15.4 
4-6 month 44 18. 4 
7-12 month 65 24. 3 

The figuraa are derived by we16ht1Jtc the llUU :ror the two MDII acco.rd­
DC to tho maber ot spec1naa diaaected; then vu DO atau.tical. 
ditterace betweea the seue except 1a the specimeee froa ia:f'ata dy1ag 

1a the tirat week, \Iha the orl8'wal t1gu.ne ven compaNd b7 the • t' 
tut. !hia table Mkea it clear that a mlllber ~ hearta f'l"Gll prematura.l.7 

bom :batata wen iacluded 1.a the aerJ.• tram the early weeks of' extra­
uterme lite. '1'h1a aaltee mu.er' s ccmcluaioll about the 1wed1 ate 
poataatal evata, particularl_y abollt lona ot weight OR the right 81.de, 

1 ... certdA tha h1a at.tan.eat cm P• 210 ot h1a book (quoted aa p. 25) 
aucgest8. Ia a later aectioa, • atteapt bu been aade to exclude the 

epec1.mne baa obvioual.y pnaatun :bat•ta, ad th1.a p1'0Ce8Cliltg vill be 

Nell to alter the t~ CGll&l.d~ (p. 32) . 
( 6) il t'bcJliat, Hll.J.er• s ll9thod of aaa1.ye1s of the fi8urea mq 

be open to cr:lt1ci... tbe tact that the method was unifonal.J' applied 

does allow soae CGllp&rlson betwem the ap groups. Bia own COlii!ieate 

are quoted aa • 25. Be riatee that then 1a a cben&f:ac Nlatiaasbip 



betwem the rieht 811d lett 'ftlltriclea til the ot the first year. 

I».apectioa of the tables &JUCge&ta that be was not justified in 

d1atiDguisbillg the f~ :ll1 the la.st co1i..: for 4-6 -.ths alld 

7-12 111mths t tho e which follov. 

In oroer to knov precisely the caucluaiau which mq be 

legf.tiaataly dra; f'mm ill.ler•s • cti Index•, the Jl8llll observatiou 

f'or each age period, with its stadnrd. error ( .a.in.), has beea 

calculated b"OUl tbe origmal figure8 in Jllll.er• s ma!ILOgJraph. 

TABLE 6 
'S FONCTI(.)NAL lNI>i« 

no. -- e.e •• 
1st· eek 33 83.5 2.5 
2c.d w 28 71.7 1.e 
4th week 15 6,.4 2;.4 
2ad maath 28 58.2 1;.4 
3rd month 30 55.} 1;.a 
4-6 moatbs 44 52.7 1 .. 2 
7-12 tbs 65 - 50.a 1~0 
2Ad year 41 54.1 1.9 
3rd year 28 47.1 1.1 
4-5 years 36 48.7 0.7 
6-10 yeare ;7 47.a o.e 
ll-15 yeara 17 48.3 1.5 
16-20 7eare 36 53.0 1.5 

The ~ pttblished tor the tw oexea haw been pooled, as 

there appeara to be M aemal ditterace in the~. The nsw.ta 
are 88EA in Table 6. r caa'f'l!lliace tbe ~a re :nNNBtiJag 

'ftlltricular proportiau haft beta lllllti ied b7100, CClllftrtill& that 

t.beae fiGm'u have beea 

tested by the •t• tut, uaiJlg a probabllit7 of 0.05 as tbe aicrdfio t 
14"81. 1be results 6hov that up to the figuNa tor the 2ad .. th 

the obri.ou.a decreaaee iD the pucatap figuree ere sigaif'icaat; there­

after then ia a meaaua.bl chsnp ,me the f'i&tl:re tor the 2Jlld maath 1a 

coapaNd with that tor +-6 maths. Pl'QI thai ca the meau appear to 

of the deri.atiou 



beiJlg aip1ficat, with the exception of the 2ad year ti.gun, which 

1a e1gp1ficatl.y higher tbal the figures ~ore or after it. As mJ.l.er 

bieeal.:f' bas writta, such a dm.atian 13 almost certa.W.y due to the 

et.feet of Yarioua cawses of death m the hearta 1a the grou:pa, rather 

th.a to a JLOrmal 1'8Y8raal. of tho develo tal trad. 

By traciJlg the :lnd1vidual apecimaut through the var.I.owl sectioa8 ot 

Jllller' a detailed l"8J)Orl, 1 t is poasib.le to nnd aut the w~t ad 

lagtb of all of the Wata trom which h1a apeciaena were der1Yed. 

~ ot the :bltaate wel"'G seen to lu!Ye been pl'alaturely bom 'Wba theN 

data wen exw:t•ed. Typical exaaplee were: 2Jld week, 41 cm. , 1 . 3 kc• ; 

4th week, 40 ca. , l. 3 kc•; 2ad th, 41 cm., 1 . 4 q; ,rc1 IIIOllth, 

49 cm., 2. 0 q.; 4th th, 53 ca. , 1 . 9 kg. Ia order to provide a 

rough oomparisaa betv.- the preaeat stu.dy 811d .ml.er'• caaea, it waa 

decided to exclude :from lllller• s aeri the JIION obdously premature cues. 

'fo th1a ad a gaeroua lover 11m:it of 2.0 q. ad 45 cm. vu used tor 

Df•ta up to 2 .. t11a, ad the ... vei&ht but 50 ca. for the per.lod 

~ - 6 JIDllltha. 1ba ob~ect of •ttiJle mch a l.ov l.hd.t ae 2.0 q. , vu 

to u1te ft8r,Y pouible allowaace tor ao:mal loaa o'f va1.&bt aa well as the 

effect of Jl&bm.tri tiaa an iatata whose birth wi&bt 11:l&bt bae bea 

2. 5 q . or mre. All will be NSll :fl'GII the raaul.ta, hoveftr1 there 81'9 

srouade fo~ tb1:ak:i•g that thw llaita van Mt wr]3 NYere mouch, 

,ad that..._,- p1"all&tul"a caaea 1"alam Deluded 1JI the aeries. 40 out 

of 192 ataatal caw 1a the fint aJ.x .. tba were uclwled f!Vll 

.lllller• • aeries ca the grouada stated. 

The am ditticw. V &l'ON i'rGII the dittel"IIIOe 1a the tw 

•thoda ot diasect1all of the yatricul.ar 11888• 'l'h1a caa best be ill.ua-­

trated by abo1dJtc the ll88ll pi,,portiau of the three trapa.ta u 

aeparated by IIJ.llff, ad by COllparJJac tbNe 1'0 rt1oll8 with tho• derived 

fl"CIII the resat ai;:uq. 'labl.e 7 pl'Ntllta the .... percelltap 



diatribu.tiaa, to the uareat wholo maber, of R, s, ad L at tvo 
repnND.tatin aee pe:rioda. Ja lllller•a cl.uaificaticm. into ap 

categorlu is not quite the ... u that UNd 1a the pl"Nat atuq, 
the author' a 'Birth' oateco17 1a compared with lllll.er's atfilbom 

OUN we:1s}J1JIC 2.5 to , .0 Jr&• 

TABLE 7 
COMPARISON O... MULLER'S D AUTHOR' .. .:.nfil'HO.DS 

01' DISSWrIO OF V RICLES. 

~ S.D. S/'11. LI 7" /s r$ 
Itlll.er•a reaulta 
Stillbom 2. 5-3. 0 kg. ~ 3.5 30 ;2 48 
Preseat stuq 
IBJ.rthl 44 ,.1 18 58 '' mu.er'•· nau.l ta 
7th-12th months 24 ; .4 33 43 4:5 
Preast study' 
7th-12th ·mma.tbs 28 2.4 2; 49 ,2 

It 11.s apparat t1a11 tbsse f1.gunts that 1B )m.ler'a method the septal 

--~..., ... ·t ie IIIICh larger tbsa ta the pruat study. 'l'h1a might have bee 

upeoted troa hie 4eeer1ptiaa quoted cm page 21 , even it it is 80Dl8Vhat 

Ya&U• It ia larger at the 8xpEIIH of both rJ.cht 811d left trlclea. 
!be ettect of mclwlliag part of what ia con:rl.dem iD the praact study' 

to be right v•trlcular tree wall with the N'ptal tregmat c be seen 
:la the la.at col • Th1s

0 

shove that by mu.er'• •tbod there 1a :aot 
the ccaataac.v :bl proporU.aa: betwea the septal trapa.t ad the f'ree 
...;ill Of the left -.eatriele 'Which the antbor found { V • pap 10 ) • 

D:ln,ct compariaoa of the wei8hta of the ~ta was therefore out of' 
the queetiaa. B ner, cm the U8Um!)tion that mu.er vas ccmaistent 
1a his -thod, it Nall8d reasoaable to mquire vhet.her his fi&Ul'N 

Oll&1yBed accordiJag to tho outhor' 11 metbod showed imilar grovth changes 

or aot. Accordingly R, R/' , 'r Y81uea vere tabulated for all the 
casee after emlua1 of c ppoeed pnmatu.1'8l.y bom in 

the vq described. 'l'heae ~e appear 1:D. Table • on _ 32. 
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CampariaaD. of the T 't'Bluea with those trom the author' s atudT 

abollll in Table 2 ( P869 14 ) above some puzzllJag :lncmud.stencies. Solle of 

these mq be due to the aelectian of tlll.ler• a poataa.tal caaee be1Jlg 

tau:Lty; others are JM>t open to the 8tlll8 tm>lonatica. In particular, 

then ia JM> suggNtian ot the rapid growth 1a the t11'Bt thne llOlltba which 

was ao obviows ia the mthor' a casea. 

Tana1ag to the R valuea, a cbwp aot VDl 1Jra that abowa by the 

author'• obeenatioas is sea. Compar!Jlg the ouea tor the 2nd week 

(T 14.0 g. } with those f'l'OII the 2ad -.th (T 1,. 4 g. ) then ia a e1gn1ficant 

d:1m1mat1oa m the we1.&bt of' the right watricular tree val.1. Th1.a does 

aot rep1a its birth wi&ht uatil the NCGDd half' ot the first 19ar, and 

ia firet a.ceedecl by the fiauNa tor the 211d year. The atrophy is ot the 

._. order of upitude as th. au.thor' • casea, that ia a lose of' about 

~ to ita lowat poiat at 2 .. the. 

'J!he 'B/'11, fi&u;rw ahow, by campariBCll ~ the atalldud dm.atiana, 

that Jllll.er vas about u CGl181.atat aa the author 1n dirlclillg up th. 

fflltricular ..... Al.though the ti&Une an throuehout lower, tor the 

naaoas ~ explained, theft is thew rapicl 1'9adjwrt;aat 0£ the 

'nllt.ricular ratio. Then is a decnase ot about 10% :la the tint 

math f'l"CIII the bd tial lnel of' appl"Oximateq 40% Atter this the rate 

of' chap alackms oft considerably, ad vhm the t~ of' 24. ~ tor 

the 4th math ia nached, no f'clrll:1•r etatiatical cha&'e is obvious • 

.A.a ldpt haft 'hem n:pectecl :traa 'Im ~ ~ cm page 29 , the 

JJ/T proportioa to:r the 2nd year u hiaher tbQJ1 the figurea before or 

after it, ad but for thi8 fi&U,re it m:lgbt ban baa& possible to show 

aoae chaage after the 4th month. These chaD&ea are illuatrated 

graphically :fn Fig.,. and the similarity m the t>l"OportiOlla.te growth 

cbage revealed by the t,,,o atudiu is obvious. 

Broadly, then, treah exam1natim ot l·'llll.er' s wol'k by improved 

statistical technique re-enforces the ccmclus1ons 1"8acbad by the 

author. The read•tmmt betwe the bulk ~ the rieht and lef't 

'' 



v•tricl.es 1a rapid, the cnater part occurrlag in the first 

math of lite. Fiaality 1A this relatioaship appears to be nached 

with:bl tbe f'int six months. Then 1a a s1Ddlar raductian ill the 

.... ot the r1gbt Yatricular fl'98 wall 1a the n.nt JIQllltb or tvot 

which 1a aot rutond tor aear]3 a year. 



DISCUSS! 

(1) The aaueaam.ent ot the V tricular Batio 

TM .. tbod of 811alyais used 1A the preaat atwu', 1n which the eptur.t 
1a cone1dend as foraiJlg a uait with the fne wall of the left 

ftlltricle, has beea jwstified :la a previous aectiaa ( p. 9 ) • The useful­

lleSs of the •tbod is that 1 t al.lava easy com.par.l.aaa of Cllle heart w1 th 
another, or of cme group of hearts with aaother. It don n.ot provide a 

meama.re of the preciae proportiaa 1A which the weiaht ot the ¥ tricul.ar 

ayocard1U11 aboul.d be divided betvea rigbt and left sides, ad does not 

1A ccmseqwmce pendt a precise estimate of the rel.atift anatomical 811d 
f\mctioul tatus of the two vctriclea. 

'l'boae who have 118de graviaetric tudies of the heart have 

wmeJ J Y' attempted to establiab SOM theontical rule \lbich would Ollable 

that to state a pNCiae Y8ltricular weJ.Bbt ratio, ad haft c~ pro­
ceeded w1 thou.t hea1 tatiaa CB the assumption that aucb. weight ratio 
accurately rafiects tbe functional nlatioubip of the two wntricles. 
ffl]]9r•a methods haft el.ready beea deacribed -.cl criticieed. Lewi.a (1914), 
:la a claasical •tudy of the eat of Y111trlaular ~ropq a the 
el.ectl"OCal'diop'aa, felt disaatiat'iecl with mller'a accouat, and ado ted 
a aethod of diviaiaa w:l.ch separated each Y1111.tricle t.t:Oa the septum u 

• atact chamber. Be did thia becauae he felt that the trabeculated 
Slll"facee of the aeptua belaapcl f'unctJnpaJJy to the side to which they 
pnacted. Btmern, pd Vilaca (1922) , :la a a1m1J ar etud;r, stated that 
they' were Ullahle to follow the details ot Lftia' •thod, ad preferred to 
partitica the aeptum by dividilag it aloag a white liae (sem 1A 
aucceasive aecticaa of the aeptum) , which they conaideNd :badioated the 

flmctiaaal div1aion of the septum. M.tou, HQtcbi»aon and mm Jcmea 
(1952) , 1a a 1"80tllt atuq of Yatr.lcul.ur eypertropby, rejected the 

•thoda of their predecessors u diff icult to follow ad of doubtf'ul 

theoretical validity. Iutead they divided the vantr.lcul.ar masa by a 



method closely naembliag that t"ollowed m the pnaeat a~. Havmg 

establiahed a rage ot observations tor JaOnaal hem, the7 fouad that 1Jl 

right vatrJ.cular ~rtroJib-T the eeptal traem,at hal'dly ever exceeded its 

nol'll&l %'lillllp of vei&ht. OR the other bad it exoeeded the nol11llll limits 

of ita wei&ht 1a alaoat all cases ot left Ylllltricular bypertro~. As a 

rewlt they decided, as 1n the pftlllllt atudy, to cona1der the septum ad 

tl"M vall of the lett "flllltricle ~ one part of the heart, to be compared 

:la W91gbt vi th the free wall ot the r.1gbt vctrJ.cle. i'h87 ude no 

attapt ·to establish en absolute veiab,t tor the two vmtriclea. 
It ia clM.r that t!M.n · 1a no agned 1l8tbod by which the weight 

· of the two ftlltr1clea ca be pnc1aely stated. It 1a doubttul whether 

,.,. method would sumve critical ac:rutiJ\y. 'l'.lw procedure adopted in the 

pl'Halt study' 1s simple and less liable to llia:laterpntatian than those 

quoted, ad is quite capable ot beiJ1e UNd to canpara the TattrJ.cular 

n,.ti.o ot cae mart with that of aaother heart, or vi.th a nomal standard. 

Jwe U' 'acae acceptable method of allottag the ae tal traera•t 

wen propoNd, thaontical consideratioll.8 would llake 1 t buardous to base 

f'ullctioaal cortcbas:loae aa the aatomical wicbt ratio so established. 

~ t,.,o "ftllltricles 81'9 not of the same shape, ad it is not pexm1s81ble 

to ..... that thq act .. egwally ettici•t pumptag unite. Thia aq be 

llluatrated by the :NwcJ1vp of Jul.tea et al., :bl the ai:uq matialled 

above. For 4, :normal heart• fl"CII adults meter the age of 65, they re­

ported the follaw:iJIB 'W918hts of ·the d1Yi.ded ftl&tricular mass (in g.): 

R 
.. 46 
,Jax:t mum 68 

.M1n1111m 23 

S L 
39 86 
61 12, 
17 48 

Tald:ac the ll8all f'i&mu, the weieht of the ~t veatrJ.cular tree vall is 

HEil to mouat to ,7% of the weight ot the aeptua 8114 tl'8e wall of the 

· left vatrJ.cle. -Thia a.emu, that the weight of m,yocardium active on the 

right side averapa OYer one third of the weiaht of the lett ventricle, 

tt not IIO:re. Bow d1nct studies ot huma». vatr.icular pl"888W!'8s, obtained 



ftlltricle does a fourth part or 1 ot the wolk of the left, bl the 

110imal heart.. '1'he diacrepaa.cy is obviou.e, Gd it is clear that the 
ralative fuD.ctional status ot the two Ye&1triclu c t be accurat~ 

· useaaecl by d1 eeectioa ad veigb1ag of the Ymtricul.ar m.yocardium. 

If thNe ~ta are acce ted, it tollowa that any etatemeat 
of nlat1:n watr.lcluar status, baaed on diasect1oa of the heart, which 

18 NCiae will be 11W1peCt. Ola the other had, a •thod of 
diaaectiaa, BllCh u that used 1n the p:ruat utucJY, ooao1stently applied, 
pron.du a aatia:tactor., __. o"f comparill& the nlative ventricular 
status of oae ~ with aotber, or vith aa established normal nap 

of Yariatioa. 

,1 



.. 

(2) The foetal veatricular ratio 

May authors have followed Haney's lead ad stated that the two 

v•triclea of the foetal heart are equal h thickaeas, ad have Werred 

that they are :f\m.ctio:aal.17 bala:aced. Mllller, whose worlt has bea 

deecribed, took this new as may be sea fl'OJA this quotatio•: " •• zur 

zeit der Reif• die zu leiatade Arbeit a:aniherad eleichcf8rmic auf beide 

V•trikel. verteilt ist." ( •• at full tena the wo:rlt of the ve11.tricles is 

_ , divided about equally). All eUlllple of a aore m.odera authority is 
,. 

Profeasor Bruh (1951) vbo writes, re:t'erriJIC to the weipt of the parts 

of the heart, that :bl the latter part of foetal life the two ve11.tricl• 

are equal. 

Two other Yiewa, mutually coad;radictor.,, have also beea put 

forward. Scammoa (1923), tor ellllple, atated cm. Mllller•s authority that 

the ratio let't/~t ·vatricle wu 5/4 at birth. ~ (1932) also 

quotes the .fi&un 83.3 aa Mllller•s •tu.cticmal hdex• (~t/left 

vatricle) at birth. Froa Table 4 it will be aea that this is a !!cure 

midwq betwea the male ad female averapa from. the :first week of life. 

Both authors treated Mllller•s fi&uns :tor the firat week u repreaati:q 

birth cOJLditiau, ad h this wq arrived at a ophio• •ot held by 

Mllller him.self. h Yiew of the rapid poataatal challp h vatricular 

ratio show.ah the pna•t hveati&atio:a, ad COlrl'inaed by a re­

exan1watio:a of Mllller's fhdi:qs, it ia JlOt surprisi:q that :fi£121'9• 

derived from the first weak should differ from thoae characteristic of 

birth. .aother author Falk (1901) 1a quoted as atati:q that at birlh 

the left v•tricular wall weiahs about 'Ell, more thaa the right wall, 

ad 1a about 50% thicker. 

The opposite view 1a taka by Patt. (1930), h the course of 

a article h which he attacked the idea that the evat of birth 

••ceasitated radical circulatory adjuatmeJLts. ha f~ accomp8JlYilac 

the article he stated that the averap weipte o':f the right ad le':ft 

vatricles at birth were 8 ad 7 &• respectively. A ':footaote to the 

f!&ure expldaed that "tabulated measurem•ta from a aeries of over 50 
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hearts ranghg from 15-,0 £• shov the C01Wtamey of the sJ&n1ficant 

relatioasbips here 1.».d1cated (Patt Toulmin, 19,0) •" ( The refer-

ee iDdicates a prel 1rn1nary :note of wolic 1a progress which was 

publlabed 1a that 798.r• The definitive publlcati baa not a".lpeared) . 

Ia the tut Patt.. stated ~t "m the fetus ••• the load of the 

ayatamic circuit 1a shared b;y the rJ.cht and left vmtricles, their 

aaac,nJar val.la an of abcllllt the w thiolmeaa,. although the total bulk 

ot the r.lgbt yatricle 1s a 11 ttle cnater because of its aliahtl;r 

greater oapaci tyt•. 

'.the objectiou to precise stat ta such as tboae quoted above 

haw already hem tated. \t'hile precisioa caDDOt be expected,. aa 

appl'Oxima'ti.cm. is Mt l\1l.ed a11t. It is obri.oua • 1upectioa that the 

two YE11tr1clea ill the foetus are aore uarly equal bl status than the;y 

are 1a the adult. Ia the pNNRt a~ the tree wall ot the r.f.&bt 

tricle amouated, at the time ot birth, to 44% of the total ventricular 

vdaht the avenp, ad 1a aneral caaea ucee4ed 5qC. The ee tel 

trapant ta. theae heart.a averapd 18% ot the total. It• for argument•• 

Bake, the septum wn cons1dend to be llOlltrul. 111 status, the half 

its ~t would ao to each aidllt. <a this aasumptioa the ventricular 

eight would be diYided .1a the ratio dpt 5,, i.tt 47. Jucl&fng 

~ tl'GII appearacee duriJlg diasection ot tbeee hearts, the l"J.&b.t 

vaLtr.lcle ottm appears more bulky tha the left. These tigl.lns ahov 

that ta late foetal llf • the vei&ht ot the YE11U".l.C'"1lar myocardiua ill 

divided abou.t ~ between the two ai&ls, al.tbauah m same CaMS 

the 11UaCW.ature of the rl.8bt Yatricl.e veicha aon than that o~ the 

left. Tber81a ecae ali&ht wpport for the idea that the r!Ght 

~tr.Lele ill, oa the averap, the heaYier. The objectiau to D1"0-

oeed1•&, w1 thaut 1urther m.d-.ce, frca these statements to ao:nt 

pnci8e fullctional ccaclusiau haft alnady bee discuaaed. 



( ,> !Che postnatal trsnsformatiaa of the 
foetal v tricles 

As 1n the caae of tbs foetal watricul.ar proportica, ~ ditterat . 

stata:.mta hol.lt the poataatal Ye11tricular cha1lp8 ca be touad in the 

literature. Some ot tbNe atatementa are repe :ted here 1n order of date 

ot publicat.taa. 

Sir 'J'bme• ~ (1914),. 1a aa early' elecbooa.rdi.ographic 

•~ ot dgbt left vatricul.a.r b,yperbio~, otated that he examined 

a JIUlllber ot uw born cbildrllll1 ad found 1a tlMNle subj that the s-1o,a 

ot ri&ht sided pcadena.ce of the heart V91'9 ccutaat. NOYer 1a 

extaaded obaenatiou u: two such childnn1 be HV the mrna Cl'aduall,7 

cJumge until they ted aon- aatural nl.atiou at about the third 

th of utraiiter.lne life. Be ccat1JIMd: "stJlce Mllll.er (188}) baa cm­

cluoiftly abowa r.1ght sided pnpca.derance 1a the ...-bom child and ita 

gradual decJ 1»• towuda the third IIOllth1 the m.dalce..... became tronger." 

la a later JQbllcatia.i (1920) deeJ 1ng v1th the w subject, and nterrl.ng 

to his mm. 1914 wolk, LMds ap1a stated that the heart ot tbe child 

poaaeased a "l'8lativel;r heavy r.l&ht Wllltricle" trma the time ot birth up 

till, Dmltha after birth, ad that the aJcu ot right pnpcmderance 

were al pl'98Ct :t birth, diaappearblc abCllllt tbs third th ot 

xt :teme lite. It be aeea that L8w1a 41d ut follow 1-m.ler'a 

OIII .tatmeat abau.t the canclus:loae to be d1'mA troa h1a 1a'¥98t1«e,tiou. 

Seem, (1923), &lso ~ • mu.er, tated that the ratio 

le.tt/ri&bt watricle vu 5/4 at birth, 2/l at the ap ot tw years, and 

eve mn at puberty. 

Patt• (19,0) , 1:a the article abea4 wtioaed, after stating 

his Yiw of the foetal Wlltricular ratio,( ap38) continued: 

"••••• 17 three to four .. the after birth 
left YE111tricular msculatun has ovv-

tak& the rl&bt 1a 1"98J>ClllN, firat, to the 
rogreaa1Y81J" 1acreaa1ag ntum fl'Oll the lungs, 

thm, as the fetal p become closed, to 
the added at:lmulus ~ the lcmc ~ rcTt.lte 
over which the bloocl lll8t be b7 the 
latt Wlltr.f.t-J.e nloae. IA to this 
added load the left vatricul.ar we:I.Bh,t beB1Ds 
to climb at~ above t of the right, until 
ita full adult degree of :repcmdenmce is nached 
8l"OUDd the vonth year ( m.ler 1883, Gro83,1921) • " 



It has a1read3 shova th :t ml.l.er•s results do aot 1a tact 

au.pport a al.ow chaJlae such a.a Patten. deacr.l.bed. Gl'Oso (1921) printed 

pap of f1&urea tram mu.er• book. Be copied the ficuru UDder 

ll 8Jlll L {see Tahl.e 4) but aot tbs se tal vei&hte. Ia a third colum 

labelled B/L be ~t mler'a pl'OportioDal tiam'M f'rom the origf,nal 

sixth coluw. As be did :aot explcda bow tb1a proportiaa vu derived, 

tbe priated table 1a n:ther ~.. Gro added 110 cc••t 

other t.ball that the fi&m'N aboved 9tbe gradual aad cauista.t, :br 

ace adYaeea •• • It 1a clear t.'bat he c.....t be ftCUded as aasietiag 

Pattea • • az'&U118111t, u he d1d ao a,n thaa quote lllller. 

Bl"Odc (19,2) alao u4e u.. of' Jllll.er'• nsw.ts, ad dnw 

traa tbaa coaclwdna• vhioh wen a:bn1lar to Patt•'a. Be iacb1ded two 

tabl• ahowDg MIDJ.erls nsulta. The f'1rat start.: 

llwly bont. 
4 - 6 maths 
7 -12 moaths 

Lett V tricle 

,:i5 
12.35 
16.51 

TheN fi&m'N are denwd ha the 4th ad 5th collJllll8 of' tll1ler's table 

tor ·aa1.ea {aee Table 4). Uader tbe hwiwc "Bevly bon." appear the 

orle:f•al ~11 tor the tint poartaatal \IMk. 'l'ben 1• a traucr.1.ptiaa 

error 1a the first llae, ad the iatenatillc fi&m'ea ha the tint 

three rmtha are cm.tted. fi'he-88C?(lld table abova R/L ftlltriwlar 

proport10ll8. Brock explaiud bow Jllller caloul at.cl b1a ratio, but doee 

not expl.m. Videroe'e atbod. 

Birth 
2 VNk8 
1 .. th 
2 tbs 
, maatha 
4-6 JDCllltha 
7-12 months 
2ad year 
4-5 J9&1"8 
6-10 yean 
ll-15 years 
16-20 ,-ea.re 

Hill.er a,., 
71.6 
6:S.5 
58.2 
55.5 
52.4 
s,.s 
54.5 
48.6 
47.9 
48.4 
52.5 

· wideroe 
109.0 
aa.5 
72.0 
65.0 
62.5 
57.0 
54.5 
56.0 
51.4 
50.5 
52.0 
56.5 



B:rock'a coaaent ca these ficurea l'UDS: 

"., •• Si .zeican - m sehr guter 
1Jbereinst1:mmnng be1 beid Auto -
:toJ.&at.de Alterak.urve:- N h Umstelluac 
wm tetalm de blaibmdat isl 
bleibt der :::echt. V trikel nn ......... .,,. 

bmter dm atanc vachsad link• 
Veatr.lkel :au1Jok: ( bf'all clea Relatiw rtea 
von a,., - s,., bzw. 109.0 - 62.5 bl 
emt. dr.1e Lebemamoneta) • witemin 
vencbiebt oioh du Vemiltn.i.a nur noch 
] rmcoamer tm rech 
V•tr.l.ltel , Ulld mit 6-10 Jar.nm 1st der 
t!etate Pmlkt erreicht ( Belat1wert 
47. 9 bzv. 5(). 2) , hol. t der rechte 
Vi tr.lkel 1m Vel'hlltais mm wieder 
e1n w-.1& wJ! • • • •" 

A. traaalatiaa ot this passage :ruu: 

ff ••• 'Bley abov - vi th clo • t 
DeliWGEilll th ~70 tUtbora - the foll 
age cha&ea: after the :frca a 
toetal to pemn•t c1rculat1on 1B 
achifMJd the ~t vcntricl laga t 
beb1Dd the at y grow1ag left 
valltricle (f'all ot the roportiall tram a,., - 53.3 m the e, 109.0 -
62.5 in the other, durlaa the first 
three -.tbs) ; aabaequentl.J' the pro-
port.1 ch more slowly in the saae 
d:lnctiaa, ad the loveot poiat is 
reaehed 1a the period 6 - 10 years (pro-
portion 47.9 m the , 50.2 m tbe 
other). After this the ri&ht tricle 
np1aa a little m relati<lllabi to the 
lett •. •" 

obtained by averagfllg mler' male 

tbs w.d 52. 7 d 7-12 JDCllltha 

50.e - om1 Oil - the figure for the 31'\i year 1a 

47.1, 'Which uld havo l t r h1 m.J.er•a list ad 

wuld haft destroyed the 661'1eeD•t be the two aer1 l1b1.ch 

Bl'Ock eapbae:1.zed. But case 1 t has already' ob ou 

29 that · stat tica.Uy justifiable di:tt e existe 
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betve the fiaure tor 4..6 IIOJlths and tboeo :hi.ch follov it. 

Brock's IIIUlys1s of m:ller•a tigurss must tha:retore tall aw. • 

ot the figures trom Bl'OCk'a book haw 'hem quoted by Smith (1951), 

who• atatemata are CODSti ered cm • 4 7. 

lo. 1942 J • &s, publ1abec1 plan~Mtric obaerYatiou ou 

crou aecticma of foetal ad iaf'SD.til• Yatriclea. This tbod is ope 
to NNral cr!ticiau, aad too few beo.rta were exam1•ed to nait fina 
oonclua1oaa. Chapa in the n/L relatiouhi. were obsernd early 

as a:1x dqs, ad tmn vaa cae apeeimm h'all • :faf'aat cm.e year old 

which auguted that the ri&bt wntricle was tb111Md Ollt ~ a po:izlt 

~ the ratio MEIi 1n adult hearts. Thia vaa au isolated observ tiaa, 
ad lack8 ccat1.nlatica. 

Ia their book .. l'be Foetal Circ'.ilo.t1aatt Barclay, P'rtmkJ1! 
and Prichard (1944) · devoted little 9paoe to poatnatal chaapa :la the 

YG11tricles. Tbel"8 1s BO meatiall of the coune ot .veats ia the sheep• 

which the species aa 'Which the brU 1 :i at radialo.:i,cel atudi wen 

e,. For the humsa sub~ they quoted J.A. Kea (1942) but 

cr:1.tici iwi ialttbods. They ooatillJ1ed: 
' 

"J.11:roa other aources ComH erl.dace that the 
r.l&ht vw.tr.lcle reta!As a foetal cloll1.n.mce 
tor 8CIUe U.. f1'!0II birth, dter lih1ch the le:tt 
'Yelltricle predcn:tnatea tor the nat of lite 
1Ja. the Mal t.l'.o' subject. 'l'h1:J evideace 1s 
eleotrocardiograpbic aad tam.cal. The 
elect~ of the huua iat•t Gbibita 
a l"14;ht me ·c1m.at1 up to h"O or three 
11C11ltha tl'Oll birth. !'or the tel11 "r1gbt u1a 
devia:tiaa .. one ca GUbatitute, 1a this 
:lnatance• the tem "riGht p1'9pOlld ranee" 
becP'JBe durillg the period -tiaaed the 
r.1gbt watr.lcle actually' w.igbs mona tba 
the l.ef't ventricle (~d. 1920). Ia tun­
term :toetusea, acco to P~ttcn (19:,3), 
it 18 1~ heavier. The chaDp to "l.rt pre-
ponderance" camaot ~ ver'T 
1r.mnediatelJ' po t--natal cme, bllt it ie Deee8.­
ary to give this br.let accotDLt of it, aa it 
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mq Deed to be tak into account in 
caaneotio». with the po~t tal c108"1ll'8S 

ot various fo~tal blood chsanela." 

The WOK of Lewis (1920) is quoted GR pap 40 , d it will 

be ..-. that he did aot write that the right vatricle was absolutely 

heav.t.er tba the left at birth; h1a worda vere "l"el.atively heav.,•, 

ad wen ..-.t1 pnsumably, to coapare the :iat•til.e With the normal 

adult heart. The COJ1tributioa of Patta11 (193;) was to CU:rtia' 

Obstetrics, 1n whieh be sumna.rl.sea the 1930 ccacluaiou vhich are 

.. tiClled a& papa 38 and 40 • 

.Pmfeasor Dr,ab (1951), whose atateraat aa. the f'oetal 

YtRtricul.ar ratio is quoted oa pap 38, caatSm1ed by statiJlg that after 
; " 

birth the lett grows more rapid]s than the r.lght, Ulltll at the end ot 

the ucoad 79ar, a poaition of stability is gaiud, wha the ri&ht 1a 

to the left a.a 1 ia to 2, 811d this pl'OpOrtiaa is aaiataSned uatil death. 

· A typic31 opiaica der.lved :froa modem elecbocardiocra:phic 

..tudiea ia pivv.l.decl b,- A] ipal'UIIC et al.. (1951). ThNe mthon studied 

521 chil.dlw. ad observed COlliS•1dnc cbapll . 1a the nonaal appear&llCN 

up to tbe age of ll JMI"&• Ia expl ti.ail they stated tbat W.. 

gradual chaage wae easily expla1•ed by the dif'feracea ill relative 

size ad thiclmesa betwea the two Y&tricl.os u compared to 

adult ap. For 81lthor1ties they quoted Bzvck ad Patte, ad Warred 

that a gradual g1'VWth cl181JB8 was the mda tactcr cana1•c the cradual 

elect~phic cbapll 1ch they obnrved bl the cbildral. 

The quoted atatemate :bldicate a wide variety ot op:lnion 

• the rate of the poataatal transtol"l!latioa ot the Yetricular 

balace. 'i'here baa bea a teadacy to nad into the pl1bliabed figure• 

such conclusjou as seared to the various autbora to agree with their 

several ideas about the pos tel coU1'13e ~ ov ta. 

The pneat iavest!Batioa, which i aupported by a re­

analyais ~ Jillller'a figures, ohow that the period of -,at rapid 
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chap 1ll the Yatricular ratio ia the first th of lite. After 

tb:1 a more gradual cballp takea place, til t 6 IIOllth the lef't 

ventricle has roached ad~ f repcmderance hioh ~ 

chaqes with tacreasiDB op. (T ble 3 and Fie• 2). The final cteaq 

level ot E11tual V011tricul.a.r nlatiouhip c fortuaately b compared 

vi.th the ratio characteristic or the ao:nnal adult heart t~ the 

stucy by Fulton, lhtghins<a ad Morgan Janu (1952) which has 'hem quoted 

above. Tald.Jlg the meal ~ vbich the7 reported tor aonml. heart 

{aee page'6J, the ratio betw the vei&ht of the tree vall of the r.18bt 

'Nlltrlcle 111d the total ftlltricular ve~t (B/T) 1a 26.~. It hes 

al.nad,y boea aetioned tbat thw mtbore di'ri.cled the veatria..ilar 

J170CardiU11 by a Mt.bod closely rucbllJlc that usc,d ill the preS8ilt otudy. 

!he eimilar:lty of aet.bodc i.s illustrated by tha ~ reprodueed 1n 

able 9, vhen the uerap proportiau of the parta illto 'Which the 

~triclu were di'fided 1a the tvo atudi.es a.re compand. 

TABLE 9 . . 
CO ,IPA..RluON OF 1'1El'H.ODS OF .DI ... ··ID.1.1!0 OF VWTRICLES 

USED :BX' FULTOB m' AL., A.ND u';{ THE J1l'ROR. 

Fultoa et &1. (1952): 4' IIO:nul heart from 
adult su.bjecta. 

Preaat study: 
24 ao1'1Dal. heart from 
subjects aaed 4 to 
16 ,-rs. 

R/ ~1~ L/'11, 

22.e so., 

R- wei&bt ot tree wall of 1'14;;ht vaatricle; 
S - vei&bt ot septal tnpat; L - veiolt of' 
tree wall of lef't vatricle; T - total 
v tr:lcular veight. 

It bae al.read3' be al:ma that after the 

od 

ot 6 monthe, the hearts m­
cluap 1n the decree of left 

pNp<mderace which was statistical.17 ic t. It obvious that 

the two R/'f f'1aures in T ble 9 at 1datio • It 1a a 2"8aSan.able 

COD.Cl.wd.oa that the VEllltricula.r weight ratio ched af't r au months 
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and noraal. adult life. In other words, growth ~ the ventricular 
11888 after six months ot tJ68 occurs 1n such a vq that the incl"9lllellta 

to each aide are proporticmate to their bulk. ibe slow elect1'0Cal'd1o­

graphic chaDges Jn cbildhood which haw been ref'e:rnd to an a 

previoua page mw,t be caused b7 factors other thtln a chsDge 1n the 

ratio of vaitricular ~. at 8IJ¥ rate a:rter tbe firot a1x llClllths ot 
l.Ue. 



(4) Po taatal atropJ;y ot the right vatrlcl.e 

A atrildJlc t•ture ot the p1"888lt study is the observatiaa that the 
r.lgb.t Ymtricular tree wall lo s vei8ht after birth, particularly durJDg 

the first moath. 1be loss amouata to 20,.C, ad this ao t 1a ut re-
pmed until the ad of the first -year. 0a 25 can be sea the 

ortgjnal atateme:at of lllller, who ppears to haft bea the first to o~ 
aene this p!Manomenoa. Mllller' a atatemeat bas DOt beea quoted, oo tar 
aa can be diacovued, ad it 1a apecifically' daliecl 1a the :tollowiag 

paasace tram W th (1951) .. CoalatiJlg cm a Nlectiaa ot ti&u,res n,-

pr.blted fl'OII Brock (1932) {see p 41), he stated: 

"A rapid 1Dcreaae Sa left Ymtricular dnelop-
t is apparent.. Although 1a these data the 

lett 1a fl'Oll the beglnniag somewhat larger tha 
the r.l&bt vaatricl.e, P :ttm•• 11NSW:"81D811ts have 
abowa that the l"i&ht ftllltr.icle ll8iY be the 
l.upr of the two at birth. Ia aay case, the 
first fw montbB of life are ll&1'ked by the 
asceadaacy of the ayutemic circula:ticm; that 
this proceas gets under wq witlwt. the tint 
two weaka is abowa by the f!&un• collected 
by Brock. Ho actual decl'eaae ill the ~t 
heart is part ot this proceao, 'bllt the la~t 
aide a rapidly, iacl'9&91»g (accomiJlc to 

Oil (1923)) •n ill tbickne ot. trUSCle 
walla th& in.._ eral e ion." 

It 1a clear that if Slllith. had coasulted 1'Jlll.er• or1.&iaal publicatioa, 

1Jlstead of Brock's quotatiOll of th1a author, he would haw gained a 
ditfe t impreaai.Oll. 

Rlller• a exp]. t1oa ot the atropcy was t t 1IJWl'liatel.y after 
birth the vork of the rt.gbt Yelltrlcle was d1m1u1abed. Thia c clusion 
IIIWft be adoreed as the only coav1nc1:ag explaaation of the tacts. The 

whole proceaa llhova that health7 rayocardiua 1'88p(llllda to cUm1•ntiaa 
of the wlk it 1a required to do 1n tbe vq as skeletal cle. 

Patta•e Yiev that birth has lltUe imu:ed.1.ate effect on the 
f'oetal cardiovaacular system has al~ 
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article was published 1n 1930, some years before the crucial e:xperiaata 

of Barclay, P'rankli11 , aad .Prichard on. the :t'oetol lamb were per.formed. 

Patt••o ccaclusians were l)artly baaed aa post-mortem obsen tians aa 

the ductus arter.t.oaus ad the fol"&lll8ll ovul • This method ot stud3' baa 

b4Nll at~ attacked by Barclay, Franklin Prichard (1944). A 

typical quotatioa tram their book "The !'oetal Circulation" l'UIUI: 

11 
••• 0Ae has, however, ccm.stallltly to bear 1n 
m1ad that the poat-morta appearoace of' a 
vucular cbawwel.....,. be ao Nal cuid• to its 
p1"e0ed.1Jla :f\mctional state. ibis proviso 
applies parti~ to tho• parts ot the 
cal'd.io-Taacular aysta which an mre 
directly caace.med v.l.th the ~ver from 
tbe f'oetol to the poat:aatal ccmd1ti011B, 8Dd 
it ll8all8 that larp numbers ·of canf'ul 
11888U.nmEllts lJa ted 1n earlier publlcatiou 
mq be valualeao :bl the p:rea-.t ccmnectioa, 
for they are post-mortem t:hadi:ap ad canot 
be asallled to be idaitical v.l.th the in vivo 
~t • • " 

Patt•, however, baa aot abad•ecl h1 poillt ot view, which is re tated 

iJl bia textbook or Duma l!abr.,ol.OQ', pu.bl iahed ill 1946, ad ,caia 1D. a 

ccatribu.tiaa to the tath editim of' Harri.a' Jaatom,y, pilblished :bl 1951. 

I t 1a worth quotiJle the ral.evat porti01118 or th1a lut accoan.t, aa it 

md.icatea a caacept 'With the truth or falsity of which the preaat stucl3' 

1a directly ccmcenecl: 

"'1'he protOUlld character of the chap, which 
mat 1nev1 tabl.y take place i:amed.iataly :t'ollow­
DB birth :bl the mOPer 1n vhiab the blood ia 
oz;:raaaated, baa led to a vide-spnad belief 
that then ll18t nvolutioaar,y chaps :hi 
the MUtiJla or the blood throu&b the heart. 
Aa the aabr:.,olOQ' ot the YUC1Llar syataa baa 
bea studied aore closaq troa a f'&mcticmal 
aa:le, hov8Y8r, it 1s becomi:a,a iacreaa~ 
clear that the heart ad p-eat v.aaels 
dnelop ill such a IIUIIIAer that the pump1Jlc 
load oa the dif':f'el"tlllt parts ot the heart re­
mailla balaced at all U... dur1q foetal 
life. '°l"80Ver the ve-q meche»1ea that 
u.intda th1s cardiac balaace dur:blc 
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mt~ ~teriDe life are rtectly adapted to 
rebalalLce the circulatory load po t-Dntal.J¥ 
w1tilout any audd• overloadiq ot previously 
iaactive parts ot the vaacular q tem." 
Jad apia: ".... • vi th our pnscmt kaowledp 
it 1a quite appareat that the cbaapa ia 
c1rculatiall which occur tolloviJlc birth ia­
wlve llO 1'8YOlutioaar,r chapa ot the load 
carr1ed by dittU'llllt parta of the heart. The 
tact that the polNBary circulatiall is alread7 
ao well dcmdoped be'tore birth .... that the 
chapa wb1ch IIWlt occur tollowug birth are 
tar leas pl'Of"CNlld thaa was tomerq believed, 
ad the caapaaaatory 119Che1ama at the foramai 
ovale ad the ductus arter.t.ollWI vh1ch have 
b.a .fuaot1on1JI& all durJac foetal lite are 
•ti.req caapetat to effect tba f'1ul 
poataatal nbal owctag ot the cuwla:U.aa vi th 
a a1n1ww ot tuact1onal d18turbaace." 

Ia the •n detail eel accouat bt,. the eabr.,ol.OQ' textbook: be ei­
pla1•• tbat"the right ftlltn.cle at all tiaea carriea it. full ahan ot 
the puap1wc load. ere this wot the cue tm .,.,.., ar d8"l.opaaat ot the 

"" ri&ht Yelltrl.cle would ut be 1111ff1c1•t at the t1- of birth to uet the 
load it mat carry whta th• ptalWORa17 cbculatiaa NOOIIH f'uacUoul." 

It 1a clear that it the n.d1Jlp ot the preaeat study are 
accepted-, Patt•'• d.w ot the cardioYascalar adju.atmeata at birth can J10 

l.apr be uupported. hr traa be1wg iuutf'ici•tly d9Y8loped to meet 
the load of the pnl-ary circulatiaa, the ript Y•tricle 1 f'ouad to 
baYe dewloped ia the later :t"oetal JIIDlltha to a poht where it deal.a with 
aore wolk ·thaa it 18 requ:l.nd to do after birth. Hor cea _,. su.pport 
be B1vt11 to the idea that the clumpa :la the hNrt are lftdual ad extdld 
over years; the chaqe ia natr1c:ular proportioa .5211!. be deacribed by 
the word 1'9VOlut1all•r.,, as the creater part of the nadjwrtmeat takN 
pl.ace 1a the tint IIIOJlth of lite. 

Ia terma of the wo:dt to be dau by the two vatricles, the 
ffellt ot birth iutroducea a dramatic cbaa&e• The atroplv' of the r!d:lt 
vstricle iJI the earq poataatal period occurs at o. time of vi&ol'OU.8 
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left va:i.tr!cul ero. th.. It caa therefo1'8 be couclwled with aome 
certaiaty, that wile the burda ot wolk NqU1nd of the right-,, tricle 
ia aharply <Um1»1shed by the t of birth, the left v tr!cle fa.cu 
iaol"M8ed I ad meets tha b7 ra: id crowth. 

It 1a aaturall,7 taptiJlc to proceed fluother, ad to~ that 
the dramatic cbace 1n vaatr!cw.ar ratio iJl'VOlft8 the neceasit,. of ear:11' 
1\mctioaal cloaun ot the dwJtua arler1o81181 which baa so coav1JLc1ngly 
bee deaaaatrated by~. J!':nmk:lin aad Prichard (1944) tor the foetal 
lab. It doea aot NEil jwrtif'1able to &rg119 too tar h tbia directicm. 
All that 1a uceasar., to exp1.aD :the reductiaa h the bulk ot the r.l&bt 
Y11Ltricla ill a ndDct1ora :la the peripheral l"8Siataoe aphat which the 
chaaber has to • Slch a J:'9ductiaa 18 kaowa to occur as a result 
of the a;paaaiaa ot the luap 'With the 011Ht ot respiration. A pat•t 
ductws arterioews du.rJ.aa tb1s period could be expected to lead, as it does 
vbaa it persi&taw to leakap tram the aorta to the left p111l-ary artery, 
but would aot wesaarily cause the riaht v trlcl extra wm:. If' and 
wh• ~Plv' becOIIH poasible :bl U1Jl;r-bom ht ta, the 
occu.nw.ce or abaace ot auch a leak IIQ' be 4aaaatrated, ad the question. 
of early f'lmctioaal clo8111"8 of the ductua t:laal.ly settled. All that c be 
aaaerted is that the ri&bt veatr!cle does J10t, attar birth, continu.e to 
pump blood ap1Jurt the peripherw. reaiatace provided by the pnt8BU1"911 
:bl the aorta - the tl.ow :la the ductus e1 th.er stops or 1s NYeraed. No 
other caacluaioa wW. fit the obaened atrophy ot the richt veatricla 1a 
the~ early poataatsl perlod, oceu.rriJI& t a time of visorous left 
YaLtricular growth. 
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D UL!.JSI 

t be expected 
to provide pl"f01et estimates ot the pl'Oportiaa. in. which the vea.t.ricular 
IQOC&l'diua abould be divided betvMD. ~t and ~ aides. Evan 1t 
th1a wen possible, it does not appear that nciae ccm.clua:i oaa about 
the nlatiw aouat ot wo:dc daae b;r the two veatriclea caa be baaed 
obaervatiau ot the pl'Oporticmate vatricular myocard1al veipt. 

(2) Daapite theN ditficul.Uea, it is poaaible, by suitable 
d1•sect1aa. ad w~, to compaze the deene to 111hioh the left (or 
ri41;ht) vatricl.e pnpaaderatea ia various hearta. B;r the method uaed 

ia the p:ruat study, the eipt ot the t 
1a coapal'9d 'With the total V tricular V J.aht, 

o£ the r!gbt V tricle 

this aetbod is show. 
to pl'Ovide aatiate.ctory comparative measuN ot the relative bulk of 
tbe two va.triclea. 

( 3) 'Dd.8 Mtbod ot study baa be-. applied to a series ot 
aomal hearta tl"OII :aewl7 bom babi. , W ts, ad childrela.. At the 

t1- ot birth the vei&ht ot the ~- ot each vatricle is 

C the ri8ht veatricle weigba 
aon tha the lef't. Cwmp in this l'Oportiaa. occura rapidl.7 af'ter 
birth, ao that the lett ventricle ca ccaea to repoaderate. The 
gnater part of the total cbaap obaernd oocura 1a the first -.th ot 
lite. A al.over chap l'Oceeda subsequat]J uatil the ot ab: 

triclee 
baa nacbed pl'Oportiau w.1ch :raa1a characteristic ot the rest ot 
1D:f'811CJ", cb1Jdhood, adolescaoe, sad :ao:mal adult lite. 

An 8'1'M1•atioa ot the resulta ot the DYMti&atioaa ot 
w. Mllller (1885) supports the lusiau ot the resat study. tm.ler• 
OVA oaaclusicas about the po ta.at cban&e 1a watricular pl'Oporticms 
C&11110t be pported, end those wbo hava quoted nsulta from mller's 
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wolic baY8 usuaJJy drGll tl'Gll thea CO'AClusioas which appear aa 
ex-d•ati<a to be na leas justified. 

( 4) })J.r:f.q b ti.rat math of lif'e the rapid adjustaa.t ot 
watrJ.oularve14ht ratio results :tram atro~ of the ~t ftlltricle 
( d1m1•utioa of the absolute weigbt o~ the myocal'd.iua of 1 ts :tree wall 

b7 about ~) dur.lJtc a t1ae o:t rm>id left watrlcular ~ . The loea 
o:t wipt 1a aot reatond tu the end of the tint year. Thia 

obNnatioa IINU that at or wrr aoc:a after birth cilwlator;y chanps 
OCCIU' 1lbi.ch radical 1y alter the rel tive amuats ot wo:rlt perf'omed b7 

the ~ aad left vatr1c1... The rapid chap 1a vmtr1cular weicht 
ratio doea aot uceaaar:U.y im.p1y early c888atiaa o:t tl.ow th:roUih the 

ductus arter.loma 1a the huua iJlt t, althaup tb1e ex.pl.aat1aa mst 
be cou1clend. 'l.'M r:l&bt watrioular atropey doea however aNJL that 
the f'1ov 1a the ductus is either revel'Nd or halted. 

flle publiab.a atat-ta o:t Bndley i>attea aa the c1rculator,r 
adjutaeata at ad :tollowill& birth are cr.l:ticolly nviewed. 'l'he idea 

that the ~t Yalltricle a1ow17 atope J)UllPDC blood th:rouah the 
ductua durJag the early poataatal maths le aot canm.ata.t with the 
obael'ftd atropbi' o:t the ri&ht veatr1cle. 
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