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PREFACL

h 2
foetal studies, together wit
tans an account of our own o o discuss
T bm‘;fc\(;:: i:alated findings of other workers Beforfsgot‘:gL ord Nuffield,
S 1. we wish to mahe three major achnow ledgcmcnl
1: “[‘)'36%il ,(‘i‘eAmoroso and 1o our Publishers respeé’tl\ tEh)e e of tts Medical
, T
. o preielnt{edltso(hOc\ef:tquU{’\‘l;leé?:g,m which we are priv |legcd‘
School the bemoly ge?i most of our apparatus, and he has shown a personal
towork heake Pnl]t‘? We are glad to have this opportunity of expressing
mterest 10 our resul
derable indebtedness to um
ou]r):ergxsg?séuerof the Royal Veterinary College‘, :\a; ;‘Jrsu; elgigeg; ::\olgz;:‘tfiflé
he comparative anatomi
from 1940 onwards, most of 1l hose depicted
b dissi? e an }1 exhgs :x:g‘sxezlg)dlssle:t:c‘lid%%?, g::hﬁl:: (;cgn r&ponsxl?lc for
e A T ot d the production of the
1t the histological work and has supervise p f
alitx‘c‘;it ths and dra\:gmgs reproduced as figs 39, 40 48, 9g-100 102-106,
gzx bg':o f 122 and 147 We wish to achnowledge here not only the very
t assistance he has so freely given us i the preparation of material for this
%;e:k but also the very happy collaboration which we have enjoyed with him
dum;g the last four years  We should also like to pay a tribute to hus artistry
mmacro and mucro dissection It was, earlter, our hope that his name would
appear with ours on the title page of this book but a succession of untoward
events made this imposstble so we must demonstrate, 1 thus alternative way,
our appreciation of hs efforts
Of our Publishers wholehearted co operation with us we cannot speak too
highly To Mr Basil Blackwell and Mr Henry Schollich 1n particular we
are most grateful, and we realize how fortunate are the authors whose worhs
they undertake to produce
’I)‘he foetal studlgs at the Nuffield Institute were mitsated 1937, when Sic
Joseph Barcroft and Dr D H Barron asked of we would co operate, with our
cneradiographic techniques, m the solution of thesr problem namely, the
determunation of the time of functional closure of

the ductus arteriosus i We
agreed very readily, and two seasons of collaboration gave our combined te:
not only

ams
the answer to the immediate question but also the first direct records
of the crrculation m the mtact foetus, deln ered by Caesarean section? There-
after the outbreal. of war ended the pleasant partnership that we had enjoyed

1 At the meetng of the Physiological Soctety on 13 March 1937 2 film made by BRarcroft and
Barron ( Expenmental chrome lessons s the central nervous system of the sheep s foetus )
®as projected immediately before one made by Janker and Frankbn { X ray <anematographic
flmofadogsheart ) Thisacaidental Juxtaposition of the two films sugpested to Barron the new
line of attack.

Prionty 1 the 1dea of a radiographic recording of the foetal circulation belon !
to Gargiulo M (1936) Unformmately tus pzperin Rie di Chir Como 2 has n:t g:e:plizz::llge
tous buttheressa briefnote . Riformamed 1936 52 97t whuch reads as follows GARGIULO
M Tentaties do studio della etreolazione Jetale medsante ymprego di ragg Rontgen  LO n propone

M
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with our colleagues from Cambridge, 1nd at the same time reduced our own
opportunities for research  In the ntervals of other work, however, we have
from time to time added to our expersmental findings, and we have also made
farrly extensne comparative anatomical studies

In as much as 1t was the phystological findings which led us on to re-mvesti-
gate the anatomy, we have given the foetal circulation, rather than the foetal
cardovascular system, pride of place in the title of our book  As our mam
object, 1n an Institute for Medical Research, 1s to discover more about the
human subject, we should have liked to reproduce as a frontisprece a diagram
of the fwman foetal circulation and of its changes at birth  But accurate
knowledge of this, based upon radiographuc records, 1s not at present available,
so we have preferred to omit 2 frontispiece altogether when we cannot have the
one of our chorce In view of the way 1n which our foetal researches began,
the dedication of the book to Sir Joséph Barcroft and to Dr D H Barron
needs no further explanation  We should, however, state that the oprmons and
mterpretations to be found in the text are, unless otherwise indicated or
apparent, our own! In other words, i criticism can Justly be levelled against
anything which we have written, our erstwhile colleagues should not be held
jointly responssble, for they have not seen the book during its production

In general, 1n the text, we have adhered to the third person simgular  But
exceptions have been made in respect of Chapter II, which 1s an account of
our own worh at the Institute, and of Chapter XIII, our concluding remarhs
In Chapter II our major findings about the foetal circulation are mtroduced
by a description of the post-natal circulation, with which the reader 1s more
famuhiar  In addition, the older terms for certamn parts of the foetal cardio-
vascular system are retaned, even though we ourselves have long since dis-
carded them as unsatisfactory The new terms, with the reasons for their
troduction, are gnven mn Chapter IIT and elsewhere, and a number of them
are summarized 1n the glossary mserted between Chapters IIT and IV Until
these new terms, or similar ones, are generally used, accounts of the foetal
circulation and cardiovascular system will continue to suffer from the erroneous
outlaok of past centuries  In some Schools the new terms are already 1n use,

du studiare 1l circolo fetale con metodo radiologico  Inietta pertanto una sospensione di barro
nella vena ombehicale € segue la sua duffi d esamt i La scarsezza delle
osservazioni non gli consente pero ancora di pronunciars: decisamente su questometodo  Weare
indebted to Mr W J Bishop Sub Libranan of the Royal Society of Medieme for tracking, down
this note

1 An rmportant e<ception should be noted at this point  So far as the adult 15 concerned we
ncline to the views of Pitts Magoun and Ranson (1939) rather than to those of Lumsden (19.3
1924) 1n respect of the correlation of various types of respiratory pattern with the activites of definite
respiratory centres  But Pitts et 2l have not yet 1t seems extended therr studies to the foctus and
1n the absence of such extension we have quoted though we do not necessanily subscribe to them
viens obtamng 1n the curyent foetal hiterature  The passages 1n which these views are mentioned
occur 1n sections (1v) and (v) of Chapter VI 1n section (1) of Chapter VIII and n section (u) of
Chapter \I

2 As Dr Barron has more or less simultaneously been producing a review (Barron 1944) and Sir
Joseph Barcroft a book (still i preparation) on subjects which to some extent comneide with these
of this present work we felt that it would be a great advantage if the three accounts gave inde
pendent ‘aluations of the available evidence  Though therefore we were privileged to see the
draft of part of Sit Joseph s book we deliberately forgot what we had seen  of Dr Barron s type~

script we saw no part at all
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ot only more
laces 15 1n consequence N M
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acts, e '
by amﬂ{‘l “:g:\\d‘ e;o adopt the 1mproxeme;tsh“mcl?m“c mentioned
be equally S the double adyantage which v d as follows Dr Bareln
thg[r‘;b}' t;i:‘“‘f;::mg of the book was fﬁPOﬂgﬁ,};r nlf ranklin the rCm:nndci
e h Chapter 11 an from Professors
and Miss Prichard unden?o m Sir Joseph Barcroft, and fro O Chories
Personal commumcatwn; ;oCo]e Chifford Formston, J A Gl;nn :m\ i
Yule Bogue, ] D Bovd dDr G M Veiers, and from ) A
F Harper an hese various friends and
Singer, from Dr W luded by hind permisston of these Y
Harst and others are snclude Editor of Annals of Science, genc!
Douglas Mchie Rt Tom Hoplanson,
correspondents  Dr Vot 5 of his journal , Mr
te extensn ely from crmitted us to
e A Me Macdonald Hastings, as suthor, simiatly permtd us to
2: !;:ocll!\:’tfé an account of lambing which iappeare“e ‘:\‘n It ention 10 nactiealar
L% nans went out of their way to help us, )d M W ] Bushop of
&:erémﬁ of the Radchffe Library, Mr G T Hami:{ an | College of Physicians
. Royal Society of Medicme the Librarian of the 013 nC lege of Vetermars
::lgeE;)nburgh and Dr Fred Bullock of x?’e t%:s):r \Slcchoguc il |
Surgeons \When the text was cOIYnPle(:itc Lo et certain 1mprosements 1n
h to read through Chapter IV and to sugg h nrement of
ftn Du\%e also benefited by his advice 1n respect ?f the fz}r: ::gnofgour com-
Chapter VI Sections () and (1v) of Chapter VII :m:t %e-cnstm ey
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t underwent at the han
‘\)\::r :’agg‘?;}saig;x)r:tu‘;?ry of expressing our N ir} ]gl;leat S’t:(lllf\bt:f&r;cs;‘ ‘1'23 g"Sn
deep obligation to Mr John , ,
lv}foa;:a‘:i‘s&r:fgei: ?h‘:e;)an dgalmg with the human subject (Chapters I\hto
NI suggested certain improvements in t, and—n 1ts finat form—gave 1t rxi
mpnmatur - Finally 1 so far as the text 1s concerned, we are most gratefu
to g[rs J L Boldero wha very kindly undertooh, as spare time worh, practic-
f thy required
a"\In‘ }ggeer:t:t;letge lﬁgeugfl(?:%mrtqum those already mentioned) were collected
and arranged as follows  Dr Barclay and Miss Prichard dealt with the radio
graphs_including the five Plates, Dr Franklin and Miss Prichard with the
rest  For figs 69-79 we wish to thank the Editor of Pieture Post and Me
hurt Hubschman for figs 145-146 Drs C F }' }?mo}:ﬂ and :1’ lecsxc}l]\
d for fig 155 Dr J A heen TIhe majority of the photographs! are the
.‘\‘\r:srkn;f §Ir Dil S ]Tucke), techmician at the Nuffield Institute, and his
artistry 1n this hine 15 obvious without further comment For the actual
preparation of the figs supplied by Dr Amoroso we are n large measure
mdebted to Mr R L Williaras T RM S ,and Mr § Hancock of the Royal
Vetermary College Finally 1 so far 25 the sllustrations are concerned, we
wish to Rmnk the Editors andjor Publishers of the Journal of Anatomy, the
Brtish Journal of Radiology and the Veterinary Yournal for permussion to

3 of stereaphotographs which can be siewed by those who care ta pa
d stereophatography a most useful means of presers ng records of foetal
1t often shows up details even better than do the actual specimens

! Many of themare haly
usa vt We have foun,
dissections
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with our colleagues from Cambridge, and at the same time reduced cur own
opportuntties for research  In the tervals of other work, how ever, we have
from time to time added to our expermmental findings, nd we have also madc
farly extensive comparative anatomical studies

In as much as 1t was the physiological findings which led us on to re-mvesti-
gate the anatomy, we have given the foetal circulation, rather than the foetal
cardioviscular system, pride of place tn the title of our book  As our mam
object, 1n an Institute for Medical Research, 1s to discover more about the
Iuman subject, we should have liked to reproduce as a frontisprece 2 diagram
of the Zuman foetal circulation and of its changes at birth  But accurate
knowledge of this, based upon radiographic records, 1s not 1t present available,
50 we have preferred to omut a frontispiece altogether when we cannot have the
one of our choice In view of the way 1n which our foetal researches began,
the dedication of the book to Sir Joseph Barcroft and to Dr D H Barron
needs no further explanation We should, however, stite that the opimions and
iterpretations to be found in the text are, unless otherwise mdicated or
apparent, our own® In other words, if critictsm can justly be levelled agunst
anything which we have written, our erstwhile colleagues 'should not be held
Jomntly responsible, for they have not seen the book duning its production

In generl, mn the text, we have ndhered to the third person smgular  But
exceptions have been made 1n respect of Chapter II, which 1s an account of
our own worh 1t the Institute, and of Chapter XIII, our concluding remarks
In Chapter II our major findings about the foetal circulation are introduced
by 1 description of the post-natal circulation, with which the reader 1s more
famibar  In addition, the older terms for certan parts of the foetal cardio~
vascular system are retuned, even though we ourselves have long since dis-
carded them as unsatisfactory The new terms, with the reasons for their
mtroduction, are gven m Chapter IIT and elsewhere, ind 1 number of them
are summartzed 1n the glossary inserted between Chapters III and IV Unti
these new terms, or similar ones, are generally used, accounts of the foetal
circulation and cardiovascular system will continue to suffer from the erroneous
autlook of pist centurtes  In some Schools the new terms are already in use,

di studiare 1l circolo fetale con metodo radiolopico  Insetta pertanto una sospensione di bario
nella vena ombelicale e segue la sua diffi esam1 fi La delle
osservazion: non gli consente pero apcora di pronunciars: decisamente su questometodo  Weare
mmdebted to Mr W J Bishop Sub Librarsan of the Royal Society of Medicine for tracking down
this note

1 An important exception should be noted at this pont  So far as the adule s concerned we
incline to the views of Patts Magoun and Ranson (1930) rather than to those of Lumsden (1923
1924) 10 respect of the correlation of various types of respiratory pattern with the activities of definite
respiratory centres  But Pitts et al have not yet 1t seems extended therr studies to the foetus and
in the absence of such extension we have quoted though we do not necessanly subscribe to them
views obtaimng n the current foetal iterature  The passages in which these viexss are mentioned
oceur m sections (1) and (v) of Chapter VI 1n section (11) of Chapter VIII and 1n sectront (1) of

er XI

Ck:a;:{s Dr Barron has more or less simultaneously been producing a review (Barron 1944} and Sir
Joseph Barcroft a book (stdl i preparaton) on subjects which to some extent comaide with thgsc
of this present work we felt that 1t would be a great advantage 1f the three accounts gave }:
pendent valuations of the avallable evidence Though thercfore we were privileed to sce the
draft of part of Sir Joseph s book we deliberately forgot what we had seen  of Dr Barron s type-

script we saw no part at all
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reproduce varwous figures which appeared for the first time i those
Journals
Our long tale of achnowledgements may be completed by a mention of
those who have assisted us, financially and otherwise, 1n the conduct of our
experiments, or who have provided us with specimens  Fiancial help, for
which we v ere and are most grateful, came on more than one occaston from the
Medical Research Council  Personal help has been given by Drs E C
Amoroso and ] Badenoch, Professor J Yule Bogue, Drs J L Boldero, ] G
Emanuel and J] D Little, Mr J C Scott, FRCS, Drs ] Trueta and M
Weatherall, Messrs D W H Barnes, G F M Carnegte, L T Cotton,
R W Emanuel, J T Hale, N C Hughes Jones, H M Lloyd, D F Magee,
R T Turner Warwich, and others, we wish to express to each of them our
very sincere thanks  For the provistion of certan foetal and early post-natal
specimens we are indebted to Colonel A E Hamerton and others of the Zoo-
logical Society of London, to Dr A H T Robb-Smith, and to Professor
Charles O'Donoghue , to them also we offer simifar thanks
The book which, with so much and so varied help, we have been able to
produce contains the gist of seven years’ radiographic, historical, and anato-
mucal research upon the foetal circulation and cardiovascular system It 1s,
therefore, too long and too detailed to make much appeal, except through 1ts
illustrations, to the dilettante reader We believe, however, that the more
sertous student will find himself amply repaid for a few days’ careful perusal
of our account, 1n view of the great imnterest inherent 1n 1ts subject We
trust, then, that our summary will be of service to medical and vetermary
colleagues, to a fair proportion of medical and vetermary students, and to
tutor-midwives, and we hope that, in return, they will adopt our sympler and
more functional terms for certan parts of the foetal cardiovascular system
Though we cannot at present forecast how much more we shall do m this
particular field, we shall be grateful for any helpful comments on what we hue
written, for extra references, and for suggestions as to possible further lines of
research It 1s, perhaps, unnecessary to add that all such help will be duly
acknowledged 1n any future publications which we m1y make
With this preamble finished, we may pass on to the text proper, begmnning
with an account of the contributions made by our predecessors during the Inst
eighteen hundred years
A L Barcray
K J TFRANRLIN
M DM L PrICHARD
OXTORD, 1944
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PART ONL
CHAPTER 1

Historeal Introduction, contammng an Account of Larher Views, based
mawdy upon Anatomucal Findimgs, about the "Course of the T'octal
Blood Flow

THE hwstory of research upon the foctal cardiovascular appacatus and the
development of 1deas about the foetal eirculation can be dnided 1nto four parts
The first of these deals with the purely anatomucal pertod that preceded
Hariey's treatise (1628) on the blood circulation the second with Hanvev s
own contnbution the third with the period of anatomy and of phisiological

hvpothesis based mainly upon anatomv, and the fourth with the penod of
eypenmental research

() THE PRE HARVEIAN ANATOMICAL PERIOD

A detalled account, complete except for references to du Bois! (1533), du
Laureps (1399) Bauhin (1600, 1623, 1620 1621) and Spigel (1627} 15 alreads
n print (Franhlm, 1941, 2 b), so a summary will suffice here

n the second century Ap Galen gmve the first stll extant deseniption of
the foramen ovale and 1ts valve, and of the ductus arteriosus 2 e also wrote
bnefly but tellingly of thetr post-natal closure

In a posthumous publication, 1n 1555 Jacques du Bois mentioned mem-
branous outgrowths (1 ¢ valves) in various verns, including the trunk of the vena
cavaas 1t passes forward from the lver  He thus, probably, anticipated Eustachy
{1563) but hus statement was so brief that one cannot say more than that

In 1561 Gabniele Falloppto improved 1 one respect on Galen’s account of

the ductus arteriosus  he also itrated the special use of the word plcenta ”
(lterally a flav cale ot pancake)

In 1,63 Bartolomeo Eustachi described and pictured the membrane that
later became known as the Eustachian valve Unfortunatels, his figure of
thus structure « as far from ty pical

? Also referred to in the literature as Dubors and S:
ylvwus  In this account the eatlier writers ar
%Bul‘ their ardunary names rather than the Latmized versions of the same  Hence du Laurcn‘;
;auuns) LEustzchx Falloppio Vesal Aranzi Botallo Carcano Fabnzi Dauhm and Sprgel
g:“;;n‘l?:: ndag;::;\::g Eu‘s;:‘c};;xs Falloppus Vesalus Arantius Botallus Carcanus Fabneyas
ere are vanants (eg Eustacchi Gabnelle Fallo, F
Fabrizio} of some of the above | o o
best authenucated ones sted ordunary names and the forms used he e may not all be the

© tsem;::"\;v::’;ﬂ‘xmm that l;rmoﬂe perhaps has a reference—certatnly the firstin hstory—

Thomp on s edition of the Cgfr‘l 'ng to Professor F J C?lc (persnn‘:l communication) D Arcy
s footnote also guves thy

S S R e ey e i Y o i sy i

Ogle 1 his edition of Anstotle s On the pCcrdiIng to Professor Singer (o

ducrus artertosus  Asthur Platt how,

d 2 referen,
didan ce to the
by Ar stotle (see Singers Stud, g ery careful piece of work on the Fea
Ogle was wrong s the History and Method of Scence © s21) and c?n‘l’l.féié'ﬁi‘i
re—1



2 THE FOLTAL CIRCULATION

In 1564 appeared the first account of the ductus venosus It occurred m 2
posthumous publication by Vesal, and the channel in question should be sty led
“ Vesalu,” and not * Arantn,” 1f personal attributions are retamned

In the same year Aranzi called the placenta the “ uterine hver,” and stated
that the uterme vascular ramifications appeared to be separate from the
umbulical ones

Leonardo Botallo, also 1n 1564, produced 1 short work 1n which he claimed
to show the way, previously unknown, by which the blood passes from the
night to the left side of the heart  Actually, he described post-natal patency
of the foramen ovale  He never described the ductus artertosus to which his
name has been attached

Ten years later, Leone Giambattistr Carcano published the first detatled
account of the foramen ovale and ductus arteriosus

In 1599 du Laurens published the first figures of the foramen ovale ind
ductus artertosus, but he did not adequately supervise the work, and the
illustrations are the wrong w1y round, so they may well hive confused those
who had no personal acquauntance with dissections of foetuses In the third
figure, also, the foramen ovale was placed betwecen the opening of the coronan
vem 1nd the tricuspid valve of the heart

Girolimo Fabrizi d’Acquipendente, under whom Harvey studied for two
years at Padua, published his De formato foetu at the beginming of the seven-
teenth centurv It contuned descriptions and illustrations of the human
placenta, umbilical vessels, ductus yvenosus, forimen ovale and 1ts valve, nd
ductus arteriosus , 1t also included the results of wide comparative studies on
lower anmals, including the foetal lamb ! Bertin (1753) particularly com-
mended Fabrizi’s appreciation of the vascular systems of the foetal liver

In 1605 Bauhin included, i his Theatrum anatomcum, a precis of what
Eustacht had wnitten on his membrane, 1 1620 he reproduced Eustach’s
figure of 1t But he stated, both 1n 1605 and tn 1621, that he himself had
never seen the structure

In 1626, 1n a posthumous publication, Spigel demed the eustence of 1y
direct communication between the uterine and umbilical artersal systems , he
also noted that 1n the foetus the walls of the two ventricles are of equal thichness,
whereas 1 the adult the left ventricle predominates In 1627 appeared his
description, and Casserio’s figure, of the * lobus exiguus ” o,f the Inver, 1t s
what will be styled later 1n this book the ““ papillary process ”*, the figure, 1s
printed, was unintentionally 1 mirror-tmage or Spicgelbild ! A collection of
Casser10’s anatomical plates, published independently 1n 1627, contaned what
was probably the first representation of the higamentum arteriosum

(1) WILLIAM HARVEY'S CONTRIBUTION
Harvey mcluded 1n his treatise of 1628 the first account of the foetal cx'rcul -
: T}},xe relevant passages arc to be found n Chapters VI, 33-6, \VI, 62,

f the embryological treatises
1 this was wntten Howard B Adelmann s supcrb edition of

of FS}])Y;:::I halssappearcd and has made these rather rare works more generally available 1n facsimile
and translation  ‘The very full and scholarly annotations will also be of great help to pre ent day

rcaders

tion



HISTORICAL 3

nd \VIL 6,-6 and are gnen m transhuion below, but they cinnat be with-
Jraen from their contest withowt some word of explanation

The first and longest prssage HCCUS 1 the, chapter i which Hinves treated
of the routes by whth the blood 15 catned from the vena e 1 1nfo the rteries,
or from the nght ventsicle of the heart into the lett  He began by pomnting
out that the connection of the heart with the lungs n the humm beng had
cesulted m sauch error m the absence of proper comparatiie studies on lower
anumals  He then proceeded 1o desenbe the bload pathw from the venous
to the arteral side in ammals that ke no lungs to comphcate the ston
Ths led him gmte naturalls, to a deseription of the rrangements 1 the
foetuses of antmals that possess Jungs, for he considered that these viscert
are not functioning 1 utero as they are mn post-mital We  Hanves was,
therefare, using the foctal circulinion as an MSIANTE 10 SUPpost of s general
argument and the passage should be read i this hight

 Moreoves ” he wrote, * 1t has been borne 1 on me that the same ven
ofwioush balds gaod w the erbnos of anmmals that have Jungs  For four
cardiac vessels (namels, thevenacava theartery fihe vem {1 ¢ the pulmonory
trunk] the ven lihe artery [1¢ the smus of the pulmonary vems) and the
aorta or great artery) are umted 1 the foctus ols’amnsc than m the adult
as 18 well known to anatomusts ’
The first contact and unton 1s that of the vena cave with the vemn ke
artery  Thus takes place a little above the pomnt where the c1va emerges
frora the Iner and before st opens mto the nght scntncle, or gnes off
the coronary vein  The umon results m a lateral anastomosis thar as 2
large free opening oval wn shape perforanng from the cava into the arten
i question  ‘The apening 15 ummpeded hence blood can pass very freely
and 2bundantls through st {2» thraugh a single vessel) fram the vent cav
nte the vein ke artery and the left atnum of the heart, and thence .
the left ventnicle  Further, there 15 1n that oval epeming on the side f ang
:}?\:" Y: exlt?clgm artery ; thun but strong membrane hke a hd, which is 1“152‘(‘%
peming  Later on in the adult
whole of this opening and fusing wath 2 t:tear}rlmg:)?;i: e over the
wnpenious and well mph effaces 1t X

renders 1t quite
this membrane 1s so atranged that

) f’l;la res ;rtk lx\ox\e\er to the foetus—
y in falling back foosely on s
(éﬁ:)s‘l‘h n :’he direction of the lungs and the heart .\nd{xelds tc(}f'tl'llte’g?“s
bloolélgnfoaléxsz 1t from the cava but, on the ather hand, prevents refl OOdf
blo bl; m &) ‘t“ La[: lwcss»:‘l ch]tm one may Justifiably consider that the enfl)no
the blood mu uccm] ﬁz\uom) be passing through this opening from the s o
Sna pnto the » ”:l € artery and thence 1nto the left atrum of the h oy
e ofher & ::‘r:\ ;’once lit }}:is 0 entered, 1t can never flow bach, 1gammm
aon 18 of the artery ke v
b e (which
afst;l(f:dd:: n%m sentncle and 58 disding mto( ™mo b;:cn-l;zr:s)me; hat v
leading ablugucs s o oot 10 1 en-Uive channel so o e
st Hence i the diss § ermbryos Shey et and perk :
ection of embn Foronating wta
o os there 2
ottae, or tho roots of the great artery zmsmgp it?:uartt; ts}?ctl? sptmk‘ o be
eart



THE TOETAL CIRCULATION

“This channel, 1n the adult, narrows and dwindles m similar fashion to
the foramen  Fmally, 1t dries up mnternally hike the umbikical vemn, and
ceases to exist

“The artery-like channel 1n question has no membrane mside 1t Acting
s 1n obstacle to the blood-flow 1n esther direction  Tor there are at the
mouth of the artery-like vemn (of which, 1s I have sud, the channel m
question 1s an offshoot) three sigmoid valves facing from withwn outwards
These yield easily to the blood flowing by this route from the right ventricle
mto the great arterv, but completely prevent any reflux at all from the
artery or from the lungs into the nght ventricle, which they effectively
shut off THence, 1n this mnstance also 1t 15 proper to judge that m the
embryo there 15 1 continuous transference of blood by this route from the
rxg}‘lt ventricle 1nto the great artery, during the contractions of the heart

It 15 commonly sud that these two untons, so large, free and open,
have been made sofelv for the nutrition of the lungs, and that 1n the adult
(though the lungs should now crave nutriment 1n greater amount because
of their heat and movement) they cease to exst and are filled up  This
1s an objectionible and 1inconsistent fibricition Lqually false 1s the
statement that 1n the embryo the heart 1s at rest, inactive and motionless,
and that 1n consequence Nature was forced to mahe these passages for the
muntenance of the lungs Tor one has only to look at 1n egg on which
the hen has been sitting, and at embryos just removed from the uterus, to
see quite clearly that the heart moves in them 4s n the adult, and that
Nature 1s under no such compulsion I myself have often witnessed this
movement, and the great Anstotle (Lib de Spiritu, cip IV} also testifies
to 1t The pulsation, he says, s evtdent from the very outset in the developing
heart, as can be noticed 1’ the dissection of homg ammals and i the grouth
of the clicl from the egg  Further, we see these routes (both in man and
m the other animals) open 1nd free not only up to the time of birth (1
Anatomusts have described) but even after many months from birth, nay,
n certamn nstances for 1 number of years, if not for the whole course of
Ife, e g 1n the goose, snipe [?], and most birds, and in amimals, particulrrly
the smaller ones It was this, perhaps, that misled Botallo into thinking that
he had discovered a new passage for the blood from the ven cava into the
Icft ventricle of the heart, and I confess that my inmedate reaction, on first
finding ths feature 1n 1 furly large adult mouse, was somewhat similar

“These facts mihe 1t clear that there 1s absolute 1dentity between what
happens 1n the human embryo and what happens 1n others, 1n which the
unions 1n question are not in process of abohtion Hence the heart by
sts movement, transfers blood very freely from the vena cva, through both
ventricular condunts, mnto the great artery The nght ventricle recetves
blood from the atrum and then drives 1t forward through the artery-like
vem, and 1ts offshoot (the so-called artery-like chinnel), into the great
The left ventricle, in like manner, simultaneously recerves bload

sed from the vent civa through the oval opening) by
n and contriction 1t drivey

qrtery
(that has been p1s
means of the atriil movement, ind by 1ts tensio
this blood through the root of the tort into the sime great artery



HISTORICAL 5

¢ Thus m the embryo while the fungs are 1le and devord of actiaty
or movement, as though they did net evst, Nature uses the two ventricles
of the heart as one for the transmssion of the blood  And the condinon
of the embryo that has lungs but 15 not as et rmahing wse of them, 1 simib
to that of the ansmal that h1s no tunzs at all

#"The trath 1> thus 25 mansfest 1n the foetus fas 1t 12 0 the adult anymal
that has no lungs} namely, that the heart by uts pulsition transports blood
from the vena cava 4nd discharges 1t o the great artery This it docs b
routes as free and open as would evist 1 man, 1f the intenicaing septum
were removed and the cavties of the ™o ventricles communieated with
one another

Having reached this pownt Hanvey noted that, when the foctal umions
become clo ed after birth i warm blooded animals, there 15 onfy one possible
way by which the blood can pass from the night side of the heart to the left,
and that 15 through the substance of the lungs  He did not, honever, go on
to suggest 1n amy detad why Mature sheuld make this change, becase a
discussion of the phusiology “of respiration would have been foregn to the
main purpose ot his book ~ Actually, 1t fell to the scientists working in Oxford
tater 1n the ses h century to d the function of the pulmonary
blood crrcuat

In the sccond passage n the Exercifatio (\VI, 62) Harvev mentioned
though not at any length the ductus venosus  He had stated that the Iiner
of the adult 1s mnterposed m the route of the blood from the testines to the
heart so that the chyle may have adequate time for s elaboration wathin the

lner  Othernise st would reach the heart unchanged and have an adverse
1nfluence wpon that ergan

‘ In the embrio™ he went on, * the I

N ver has pracuealhy no function

Honee, as one can see the umbrlical vein passes intact through that viscus

it;d grum the porta hepatis there 1s an opening or snastomosts, so that the
ood setusming from the intestines of the foetus {together with the

maternal blood, and that returning § 4
ot ot he o et retorn g] emm he placenta) makes for the heart,

aforesaid umbilical vemn
gg\;ls‘psl gorreslpondm{g]})‘ later t;um the other pants i the earl:zsl:es\);:gg
octal formation ave, wndeed, seen all the memb
ers perfectly our-
&ned w the human foctus and even the gemtals distsnct ';\phﬂc th) 1 e
as as yet merely rudunentary ' o e

In the third passage (\V1, 6,-6)
y 65-6), after powntin,

structure and function between the ngh't and Ie}?c 1 entrglcloe\s‘f &1’;; ::i\1 ﬁ'czrnc{r::li:;(;n

- z}l\‘e i.mgn\:)e\ efr }Io be noted that these matters are arranged otherw
1, the <m a?mn ! e[re 1s not the same diffcrence hetween FhL vent )xse
Shiuh are Izlge almost equally, bke tain kernels 1n a double i
Soae of the l;l‘%e t( (:e ix";tsnclel l:eal:hes to the tip of the leg \entrlc?cmsu 3}3’8
15 like 1 cone with tw “
already stated) because 1n the faetus the blo:d‘:gsnotrlpl::s::gs:h(:s ldm;‘c
ough the



THL FOETAL CIRCULATION

*“ This channel, 1n the adult, narrows and dwindles 1n similar fishion to
the foramen Tnally, 1t dries up nternally ke the umbilial vemn, and
ceses to exist

* The artery-ike chinnel 1 question has no membrane mside 1t acting
s an obstacle to the blood-flow i etther directron  For there are at the
mouth of the artery-like vemn (of which, as I have said, the channel m
question 1s an offshoot) three sigmard valves facing from within outwards
These yield ensily to the blood flowing by this route from the right ventricle
mto the great artery, but completely prevent any reflux at all from the
artery or from the lungs into the right ventricle, which they effectrvcly
shut off Hence, 1 this nstance also 1t 15 proper to judge that m the
embryo there 1s 4 continuous transference of blood by this route from the
ng}}t ventricle mnto the great artery, during the contractions of the heart

*It 15 commonly said that these two umons, so large, free and open,
have been made solely for the nutrition of the lungs, and that i the adult
(though the lungs should now crave nutriment in greater amount because
of their heat and movement) they cease to exist and are filled up This
1s 1 objectionible and inconsistent fabricition Equally false 1s the
stitement that m the embryo the heart 1s at rest, mactrve ind motionless,
nd that 1n consequence Nature was forced to make these passages for the
muntenance of the lungs  For one his only to look at an egg on which
the hen has been sitting, and at embryos just removed from the uterus, to
sec quite clearly that the heart moves mn them as m the adult, and that
Nature 1s under no such compulsion I myself have often witnessed this
movement, wnd the great Anstotle (Lib de Spirstu, cip IV} also testifies
to 1t The pulsation, he says, 1s evrdent from the very ouiset in the developng
heart, as can be noticed " the dusection of liwtng ammals and i the gronth
of the chicl. from the egg  Turther, we see these routes (both m man and
in the other nimals) open and free not only up to the ume of birth (s
Anatomusts have described) but even after many months from brrth, nvy,
n certamn nstances for 1 number of years, if not for the whole course of
hfe, ¢ g 1n the goose, smpe [*], and most birds, and m animals, particularly
the smaller ones It was this, perhaps, that musled Botallo into thinhing that
he had discovered a new passage for the blood from the vena cwa into the
left ventricle of the heart, and I confess that my immedsate reaction, on first
finding this feature 1n a farrly large adult mouse, w1s somen hat simtlar

“These facts mahe 1t clear that there 1s absolute identity between what
happens m the human embryo and what hap{)ens i others, in which the
unions 1 question ire not in process of aboliion Hence the heart, by
\ts movement, transfers blood very freely from the vena cwva, through both
ventrcular conduits, mto the great artery The nght ventricle recetves
blood from the atrium and then drives 1t forward through the artery-likc
vemn, and 1ts offshoot (the so-called artery-lihe channel), into the ‘great
artery  The left ventricle, n hke manner, sumultaneously recetves blood
(that has been passed from the vena cava through the oval opening) by
means of the atrial movement, and by 1ts tenston and contraction 1t drives
this blood through the root of the aorta into the same great artery
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T hys, 1 the embryo, while the lungs are 1dle and devord of minnl:";
or mosement, as though they did not cust, Dature uses the \\;‘n e (;tlc N
of the heart as one for the transoussion of the blood  And the cond 1;7
of the embrio that has lungs, but ‘f not as \c‘g making use of them, 13 stmfac

ammal that has no lungs at a
* “‘h'ﬁn(:’ ft:\}::h l:‘thus as manfest i %he foctus fa» 1t 15 1n the aduft nmal
that has no Jungs], namely that the heast by 1ts pulsation transports blood
from the yena ctva and discharges 1t mto the great artery This it does by
routes a3 frce and open as would est 1 man, if the intenening septum
were removed and the cavies of the o ventricks communicated with
one another

Having reached this_pownt, Harvu noted that, when the foctal umons
become dlosed after hirth 1n warm blooded antmals there 15 only one poswible
w2 by whch the blood ean pass from the nght side of the heart to the kft,
and that »s through the substance of the lunps  He did not however, go on
to suggest 1n any detal why Nature should make this change because 3
discusston of the physielogy of tespiration would have been foren 1o the
mam purpo ¢ of bis book  Actually, 1t fell to the screntists working i Ovford
fater 1n the seventeenth century to demonstrate the function of the pulmonin
biood cireuit

In the second passage w the Frerertatio {(\VI, 62) Harver menuoncd
though not at any length, the ductus venosus  He had stated that the lver
of the adult 15 interposed i the route of the blood from the mtestines to the
heart so that the chyle may have adequate time for 1ts elaboration withun the

Iner  Otherwise 1t would reach the heart unchanged and have an adverse
nfluence upon that organ

“In the embryo * he went on, “the Iner has practicalhy no function
Hence s one can sce the umbilical ven passes intact through that viscus,
and from the porta hepats there 1s an opening or anastomosis, so that the
bln'nd :T(i\)xlm\é\g fiim}\l the lmcstmf::s of the foctus {together with the
maternal blood, and that returmng from the placenta) makes f
not through the lmer but by H ) o 30" she baart,

the aforesaid umbi
deselops corrcspondmgii‘ fater than the %thtr ar e e Jner
!

arts i the earhest stages
(‘)f fgml formation [ have, tndeed, scen all tgc members perfectly OS!:JZ-
ned m the human foctus and even the genntals distinct, swhile the Iner
was a3 yit merely rudimentary ’

In the third passage (\VII 65-6
structure and funcuor? be(m ecn thcjng%:z e pomung out the diffrences 1n

and left sentrieles, Harey continued
Ju 15, however,

to be noted that these mattess

are arranged ot
X\?h‘x‘c‘ﬁ ::xc\b?;‘: 'ghr.irc 1s not the same diffcrence hetwecn gh(: \eri\‘\tr?c‘\::
whuch g ‘ha n{;’L almost equally, bhe twin kernels 1n a double nut Th'
come of ¢ :f rtxﬁzL tf ;::E:‘xd? {Lac}lcs to the tip of the lest ventryele, so th:xct

s Ikt 2 cone with two tips y
aleeady stated) because 10 the focrus the blgad lg not'gtfs‘l:gsghgtfuéhh:l‘c
he
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lungs from the right ventricle to the left On the contrary, these two
chambers are equally busy with a single tash (namely, the transference of
blood from the vena cava to the great artery, though one does 1t through
the foramen ovale, and the other through the artery-lihe passage, as I have
already stated), and have identical parts to play 1n the distribution of the
bload to the whole of the body ~ Hence the 1dentity of their arrangements
When, however, 1t 1s time for the lungs to function and for the bove-
mentioned unions to be occluded, the ventricles begin to differ in strength
and 1n the other respects that I have mentioned, because the right ventricle
now drives the blood through the lungs only, but the left ventricle drives
1t through the whole of the body ”

To complete the story as given by Harvey, one must mention a further
passage that 1s to be found n the second of his Exercitationes, addressed in
1649 to Riolan the younger In this passage he stated that the blood moves
through the lungs only when these are moved 1n the 1ct of respiration, and
not when they are collapsed and quiescent  This was probably, he went on,
the reason why Nature had 1nstituted the foramen ovale 1n the foetus

If one analyses Harvey’s contribution, one finds first that he integrated the
best passages 1n previous anatomical accounts of the foramen ovale and ductus
artertosus though he did not, as one would to-day, publicly acknowledge his
sources  To the knowledge thus integrated, he himself added relitnely
Iittle  In fact, one may say that his chief contribution was his emphasis on
the intra-uterine size of the ductus arteriosus, which he likened to a twin-root
of the great artery (1e of the aorta distal to the pomnt at which the ductus
jomns 1t} If he was, as seems possible, responsible for the introduction of
the term “* foramen ovale,” then this was his second contribution of importance
‘To the natomical data that he had synthesized, he added his revolutionary
phystological discovery that the blood arrculates, and that at considerable
speed, from the heart to the arteries, and from the veins back to the heart

Harvey’s chief merit, then, was that he mntroduced the dynamic concept
of a vigorous circular movement of the blood  The chief error 1n his 1ccount
was his denial of a pulmonary circulation 1 the foetus It 1s not possible to
say on what he based this derual,, <ctually, 1s one now hnows, the pulmonary
blood flow 1n the mature foetus 1s both considerable and rapid (Barcly et 1l,
1942, 7 Plysiol) A mare general eniticism 1s applicable not only to Harvey'’s
description of the foetal circulation, but also to all subsequent ones that were
produced before Pohlman (1907) 1naugurited the modern phase This
eritictsm 1s that the descriptions were based not upon direct experimental
findings, but merely upon more or less correctly determined anatomical data,
supplcmented 1n some cases, but certamnly not 1n all, by experience of Ining
foetuses other than human ones  Upon such bises successive writers built
up successive worhing hypotheses of the foetal circulation, but they remuned
hypotheses, and the degree to which they were accepted depended not upen
their approuimation to the truth, for there was nc way of testing this in the
absence of expertmental worh, but—as will be seen 1n the subsequent story-—
upon purely accidental circumstances
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,

A more specal criticism could be directed agamst Hanvey's ?Icmu;\t l}'\ad
hi> description of the foetal areulation been more than an nct cm:;‘ } us-]
tration 1n support of 2 general argyment not directly concerned with foctal
matters This crticism 1s that he followed his predecessors, who had not
the benefit of his views upon the blood movement, and, by concentrating his
attentron on the foramen ovale snstead of on the posterior caval channel he
russed ane of the mamn features i the foetal cardiovascular system, namely,
the bifurcation of that channel into left and right termmnal divisions  Had
he disregarded prestous accounts and mentally follow ed the blood 1 uts course
up the postersor ena cuva, he could hardly have faled to notice the true
ortentation of the parts  As 1t was, one and a half centurres elapsed before
the correct view was first published (Wolff, 1776), and evcn then 1t farled to
be appreciated by more than a few , indeed, 1t has only very tecently gawned
wider acceptance (Amoroso ef al , 1942)

One thing that Harvey definitely did not wnite was that the blood from the
two venae cavae mued 1n the pight atnum and that thereafter part of the
misture went via the foramen ovale into the left atum  Whao first so rustead
Hanvey's statements 1t 1s not easy to determmne  But the persistence into
modern times of such misrepresentation 1s undoubtedly due to halian (1826)
and to knabbe §1834) for the latter’s account was passed on by Prever 10
Ziegenspeck and thereby reached Pohlman (1gog), whose statement on the
matter was accepted by hellogg (1928)

() 'THE PERIOD OF ANATOMY AND OF PHISIOLOGICAL HYPOTHESES
BASED MAINLY UPON ANATOMY 16:8-1go7t

One of the mnteresting ponts about Harvey s account of the foetal circula-
tion 15 that he made no reference in 1t to Lustachi1s membrane In 1649
Riolan the younger stated that 1t was smpossible 1w decide what Eustachr had
meant at the same time, 1t 1s clear that Riolan himself was familiar with

reticular membrane at the threshold of the atrium *

In 1631 Yiarvey emphasized, as Aranzi had done n the
the separateness of the maternal and foetal cardiovascular systems

In the same year, his friend Highmore gase an explanation of the t.
natal closures of the caval opening (1€ of the foramen ovale) and the dpus <
z‘\?enosus » n some ways st has a fawly modern nng  The closureusCtus
iy e g et Bt e of rspetan i dred

at previously flowed through the
:X‘\‘?inr:‘e]\: anil n;th:nce mto the aorta  The ductus 1n consegucncc tg:)‘l)lats:ctsl
oo pl}l{ 3 ?1 ary \;rcllous return apposed the membrane over the cmai
Eusmc\gns 8| r\r)mre td not merely fal hke his friend Hanvey, to m
membrane but stated very defimtely that > onion
the vons cara y that there are no valves 1n

Pprevious century s

Y The complete stary &
Ty from 1628 ¢
10 be read 15 very consIdemble aud mooy T e 13

still in course of preparatio
n f
om ear e When t et are, aeks vy ,‘,‘;;“dnnonfmuy Be svaabie o
crence Teanvhile th, Wy offered f
SR paeamobile ths prelimunary sketch will 3 least mdeare st l::\lltan::lx:d/‘tr:alx
o ces
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Fic 1 —TFrom Lower (1669) Plate

11 fig 2 The intervenous tubercle of
a quadruped (such as the sheep dog
horse or ox) displayed by epeming up
the venacava and nght atium @ The
trunk of the ascending [postertor] vena
b The trunk of the descending
¢ The swelling

cava
[anterior] vena cava
separating the two veins  d The nght
atum e The foramen ovale g The
coronary vemt [sinus] % The heart
[1e the ventricles}

Between 1652 and 1656 the structure
question was redscovered by Charles le Noble,
and 4 colleague, Guiffart, named 1t “valvula
nobils,” partly 1n honour of le Noble, partly
because 1t was itself worthy of the epithet 1n
question

In 1656 Domenico de Marchettis made the
first mention of the bronchial arteries and verns,
though the actual name “bronchill” was
comned mine years later by Ruysch  In 1661
Malpight produced the first ‘descriptions of
capillries and of the terminal air-spaces i the
lungs  About this time, a group of Oxford
scientists had begun to demonstrate the changes
that occur within the blood during its passage
through the lungs  In 1660 Robert Boyle woh
the first step by showing that part of the air 1s
essentinl to life, and 1n 1667 Hooke proved that

respiration depends on an adequate supply of
fresh air to the lungs  In the same year Walter Needham called the placenta
the “ uterine lung ”  In 1668 Hooke postulated that darh blood becomes florid
on passing through the lungs because 1t mixes with the air, Lower (1669)
experimentally verified Hooke’s postulate and also showed that venous blood
owes 1ts dark colour to loss of arr It 1s still not easy to assess the posttion of
John Mayow 1n respect of original research He did, however, publicize
with some shill the results of the Oxford workers, even 1f he did not adequately
achnowledge his sources, and 1n his second book (Tractatus qungue, 1674) he
stressed the need of the foetus for a sufficient supply of nitro-aerial particles
or, as one would now say, of oxygen In the adult these particles entered
the blood via the lungs, 1n the foetus they must enter 1t during 1ts circuit,
within the umbilical vessels, through the placenta or utermne carunculie

Lower’s contribution to respiratory physiology has been noted In the
same treatise (1669) he described the ntertenous tubercle or swelling (fig 1)
and gave an account of the foetal circulation  The passage about the tubercle
may be translated as follows * Just before the threshold of the right atrum,
that 1s to say, where the ascending vena cava joins the descending and prepares
to discharge mto the atrium of the heart, a certain small swelling 1s formed by
underlying fatty tissue  This swelling 1s well worth attention  Its inter-
posttion at this pomt causes the blood, which falls down the descending ven,
to be diverted imto the atrium, when 1t would otherwise hnve contmued on
down 1nto the ascending vein and have caused great hindrance and slowing
to the blood flow up through that vemn into the heart ” Lower thought that
the swelling was more pronounced 1n man than mn lower animals nd he so
depicted 1t One mny state at once that this view has not since found much
support  But the tubercle 15 of considerable importance to the foetal circuli-
tion 1 certan anmmals, and Lower himself brought 1t into his account of that

crrculation
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Various comments can be made about that
account  The first 15 that Lower accepted some
degree of pulmonary blood flow durng foetal hfe
The second 15 that for um the foramen ovale was
presumably a by pass for wfertor caval blood only
Tor the foramen lay mn the ascending vena cava
below (e caudal to) the tubercle, and the function
of that tubercle was to heep the supersor caval blood
awa from the infertor casal blood I, however, one
concedes this, one must point out the omssion of
the word “mfertor before ‘vena caza 1 his
nest sentence which reads, ** Through this foramen
the greater part of the blood returning in the vena
cava passes across nto the pulmonary vein fie
the left atum)  The deduction about the omssion
15 supported by the figure {fig 2) of the blood flow
through the foramen for by no stretch of the
imagmation can the pathway ¢ to eee be taken to
represent a supenior caval flow, when that from eee

Fic 2 —FromLen er(1(59)

Plate 11 fig 3 eox The
edge of the foramen ovale to
which the membrane { ahve] 1s
attached € SamE mem
brne hanmnzdo 1 belaw the
arcumference of the foramen
¢ 'The bisod flowing along
the vena cava  d Where this
blood flows intothe pulmonary
ven {lefs atum]  cee Where
3t deves back the membrane

and rushes on through an

1o d represents the flow from the foramen towards  open door

the left ventricle
Lower like Harvey and Highmere, made no mention of Lustachi’s mem-
brane, or Riolan’s membrane or the valvula nobis  But in 1682 the last-
named was reported to have been found 1n a beaver dissected together with
a number of other animals under the directions of the Royal Academy of
Sciencesof Pans  As the valve 1s absent from many animals, this first mention
of its occurrence outside human subjects 1s of interest The description
translated by Pitfeild was published 1n England 1n 1688 and 170z and read
as follows ~ Under the Vena coronaria we found the Valie called Noble
which fills the whole Trunch of the Vena Caza, and which was so disposed,
l#:’: ﬂée Blﬂl;)d !mxggxtheasﬂ})‘r bde c;;\r;wd from the Lizer to the Heart by the
a Cara but which 15 hundred fr
theBLner o 1o indred om descending from the Hear? towards
etween 1693 and 1722 Jean Very a Pans surgeon an
and mawntamed the view that blorgd passed frgm left dl: n:n;;uhr:“:}‘lrf)?x;;hniﬁ(t‘.:
forsmen ovale  Though lus publications and fus disputes with du Verne
and others cannot be passed over m a complete account they are too | .
to summarize here, and 1t must suffice to say that they rcmrdzd rath . ;mg
adi :niggsz;({%lrﬁ; gerhe)en (x710),fby contrast, was very modern in oeurxl;;‘!:\
owper wrote of a ‘ pecuhar valve’ that he had
discovered n the inferior vena cay 4 . ot e had buely
pubhshed posthumously 1n 1724 aanx:iezlilz?lfdggh;na;nufmh e guces wore
nearly eighty vears of age 707 Boercaave by bt 2 C D man
of Eustachs s Gpuscla gnafonnca ahgrrn rought out a new edition
first been described and depicted  Six years | peted carlier, the valve had
in Chesolden s 11 vears later again Douglas ublished,

e Anatomy of 1
diaphragm and thoracic ln(e}no}fxew Humane Body, a figure of the human

N3 canva viewed from the cramal aspect



Tte 3—Copred from
Cheselden  (1713) Table
NAIT A4 The great Ves
sels in _the Thorav of a
Feetus filld with Wax 1
‘The beginning of the dorta
2 The Coronary Artcries of
the Heart 3 The Des
cending Aorta” 4 The Sub
clavian Arteres 5 The
Carotid Arteries & The
Pulmonary Artery a piece
of 1t bemng cut away to
bring the Beginning of the
dAorta in sight 5 The
Branches of the Pulmonary
Artery gong to the Lungs
8 The Ductus Arteriosus
runming directly from the
Pulmonary Arters into the

orta
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The sternal haif of the lumen of the ven was occupied
by “ The Valula nobihis of the Cava ascendens,” but
no menton was made of the structure i the text of
the book

By 1714, then, four anatomists had mdependentls
discovered the membrane or valve, and 1t had been
described and pictured with varying success 1 a
number of books On the other hand, its presence
was perhaps not very generally recogmzed, 1t had
several aliases, and suggestions s to 1ts function were
largely wanting It was i this year that Lancst
published, with comments, the recently discovered
Tabule Anatomice of Eustachi, 1n which the figure of
the membrane appeared twice (P! VIII, fig 6, and
Pl XVI, fig 3) %he legend provided by Lancist for
the second plate contained a suggestion as to the
function of the valve * Further,” he wrote, “we
consider as specially noteworthy two valves The larger
of these [1e the Eustachian valve] was demonstrated
by Eustacht a century before Lower [publshed his
account of the intervenous tubercle] Its function s,
presumably, to prevent the jugular blood, coming down
through the superior vena cava, from collidmg too
violentlv with the blood coming up through the inferior
vena cava”  In other words, Lancist adopted for the
valve 1 use similar to that which Lower had suggested

for his tubercle

In 1715 Vieussens described and pictured the ““1sthmus ” surrounding the
*“ fossa of the vena cava > (fossa ovalis) It was not hrs first mention of this
feature but it was the first mention of it under the new name According to
him, 1ts generally accepted function was to ensure that the superior caval
blood did not oppose the movement of the inferior caval blood and render it
difficult for the latter to enter mto the nght atrium and ventricle  Vieussens
whole outlook, so far as the cardiovascular system was concerned, was
unscientific, so one need not give his views on the foramen ovale

In 1717, 1 2 dissertation that he sent to Morgagni, Lancist again wrote
of the Lustachian valke What he said may be somewhat freely translated
as follows  “In us, v ho stand and walk upnght, the supertor caval blood
descends more readily and ripidly to the heart through its own weight—
especially 1n exercise—than the mferior caval blood ascends to the heart
To dride and blunt the remaming force of the descending blood (already
reduced by the almost horizontally directed azygos inflow), there 1s provided
1n the mferior vena cava near the atrtum of the heart a sort of valve, l:xsnlmmted
out by Eustacht This valic 1s not found i pronograde amimals | T'};;s
comparison of the findings 1n man land n lowetrljnr:x‘rgsslzll\;ntsr&cconsn erable

en 1f Lancist’s conclusion 1s no:

CO?:]ntll)l‘;t;?ur:;eilear, 1717, Winslow delwvered to the Royal Academy of Sciences
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tructure
mulated to fooh for the s
Tus first memotr on the valve He?adcbe::ss:ilu Bors (1533) Winslow faled
through reading the brief note © ]ant e did ﬁn:ﬂg\ Fscorer it n human
1o find am suc,? ‘al‘i)e &n tt }:; s;hi;}l Vglmle tres considerable, d Enr:Bgmndc
3¢
subgects He descnbed 1 e en Torme de rezoa eoat:
beatte, en p:u';xe memlir:;lcell:'s'? e&d l;’:ﬂ? s Plates of Tustachy, Winslow
he had recently seen Lo reticulor valye of Tustachs
usly named bus finding the retic arch, and he
gery}egz \ni‘labl[lt\ shown by the ¢alve had led him to further rescarch,
reported lus findimgs ashfolké\\lst
t 15 vestigial 1n the adu
G e o e e o W
n 1t 15 incomplete 3t 15 the reticul
(i]) }I“)?:ul\e 15 fougd complete 10 very small infants, much reduced 1n
n
Dh:e; ?T}e; diminution appears to be proportional to that o{Y the ﬂf]onr:ﬁr:
o\ alc and the disappearance to the closure of the foramen  When the y
vale 15 persistent
* flg}l:gsi l?e?&ﬂﬁe?iliﬁﬁ?iﬁs(;:ct t‘h:ﬁ the valve had some relation to the
foetal crreulatton and that its chief function must be 1n connection with that
arculation  He suggested that st not onhy_dnerted the superior caval stream
from the snferior caval one, as adsanced by Lancist, but also presented supertor
caval and coronary blood and reflux sia the foramen ovale from passing
back nto the infertor vena cava
Du Verney had been unable to attend Winslow's demonstration, but tn the
summer of 1717 he msited Winslow to examine with him twenty one subjects
that showed the valve (Winslow, 1725) The findings were opposed to
Winstow s previous ones for 1t was obyious that the valve might persist with-
ot reference to age of 1o the contmued patency of the foramen ovale
According 1o Haller (1763 26) the valve began to be more generally hnown
after the appearance of Winslow’s memoirs (1717, 1725)  Certamfy, there
%as soon a venitable spate of pubhcations about it It 15 1mpossible to refer
iere 1o all of these but one can at least mention one or two of the accoumts
In 1728 Lancist agam attached Lower, apparently 1n the behef that he had,
so to spesh stolen Eustachis membrane and tumed 1t into s ntensenous
tubercle  the accusauon one need not add, was quite unjustfied  Lanciss
q! )
also went 1nto fuller detar] about the valve and smd that 1 pronograde animals
1ts place was tahen by a serucrreular muscle
Eight years later Trew produced 2
differences between the human beng

vy fully situstrated book upon the
buth It 1s well worth attention no

before birth and the human being after
t anly m respect of the Eustachian yaly e,
but also m connection with the more particularly foetal parts of the cardio.
vascular system (see eg fig 4) Trew smd that the valve 1s found both in
the foetus and 1n the adult, m the latter 3 ™ay be proportionately as large
, and 11

, he thought, 1t prevents
durng atrial systole , 1 the
mn additon, 1t serves to direct the wnfertor caval blaad towards the

foetus,
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Fic 4 —From A Compleat System of the Blood Vessels and
Nertes etc London 1750 Plate I[ fig 24 It 1s actually an
improved copy of Trew (1736) Plate 11 fig 23 and gives a right
Jatero dorsal and somewhat caudal vsew of the greater part of the
cardiovascular system of a human foetus The 1750 legend 1s as
follows aaThevenaportarum runningacrossthelner bed The
sinus of the vena portarum the nght portion of which 4 dstributes
1tshranches e ¢ e e through the greater or right lobe of the liver but
theleftone ¢ goestothelesserorleftlobe  Atstsentryitssenlacged
mto dd and sends off the branches ffff Below it recenves the
umbilical vermn g ¢ and above 1t sends off the capalis venosus 7
which below the branches of the vena cava 71111 Cojlected from
each lobe of the Iner s jomed to the trunk of the feror or
ascending vena emva kk with which 1s united the trunk of the
superior or vena cava d of the two jugulars
** and the vena azsgos or sie par m both which trunks form the
nght auricle 7 o The sack of the left auricle mto which enter
the branches of the right pulmonary vein p and of the left ¢
7 The night branch of the pulmonary artery ~ 55 The left ¢ The
canalis arteriosus atising from the pulmonary artery near its
bufurcatton and united with the arch of the aortaz ¢ x The nght
subclasian 1 The night cacottd = The left carotrd @ The lehu
subclavian B ‘The descending aorta divided at the iliac region on
each side 1nto y3 The umbltcal arterv and 6 The crural
£ The arterra sacra sent off at the dinision of the aorta

foramen ovale He did
not mclude s its func-
tions the separation of the
superior 1nd inferior caval
streams

Senic, m his notable
treatise on the heart (17.49),
also considered that the
valve served to direct the
infertor caval blood to the
foramen ovale It would
be quite impossible to
summarize here the long
survey that Senac gave of
past work upon the feetal
cardiovascular system and
circulation, one can only
recommend 1ts careful per-
usal to those readers who
wish for fuller details

Lieutaud (1754) said that
the Lustachian valve was
normally present 1n the
foetus, often in children,
and sometimes 1n the adult
He called 1t “ digue mem-
braneuse ” because, 1n his
view, 1t was not analogous
to the valves found 1n
vems , despite the epithet
“membraneuse,” he
realized that there may
be muscle fibres between
the tvomembranous layers
He spoke of 1ts function
only 1n so far as the foetus
1s concerned By pro-
longing the nferior ven
cava, 1t deepens the lower
part of the nght atnal
cavity, and 1t directs the
blood, as Senac noted,
towards the foramen ovale

In the year previous to

Lieutaud’s communication, Bertin revived mterest mn 1 part of the foetul

cardiovascular sy
the Iner Aided by coloured wax injections,

stem that had for long been comparatively neglected namely,
he had re-nvestigated the venous
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arrangernents 10 the Iner
of the human foetus, and
had found that the uminheal
and portal branches were
manly 1n the Jower, concave

ortson af the organ while
the hepatic branches of the
vena caa were m the
upper, consex portion The
portal vein_does not forma
sinus as 1t does n the adult,
1t does not even have 1 left
branch  The left lobe of
the lwer 15 suppled by
branches from the umbilical
semn only the nght lobe by
branches common 1 the
umbilical and portal vemns

(fig_s)

The portal flow 15 small
by comparison with the
umbilical +f one mas JudBe By 5~ From Bertin (s7¢)  Human foctus  The umbil cal
from the relatve sizes of en a es off munor eft ecc and pisht 11 branches and

then the largest lefr and neht o ranches e ductud

the tmo vessels Hence, (080 HCl from the umbil cal vemn to be inserted into the

in the foetus the left lobe Iee bepatie vem 3 wh:t: soing lhleg:fcr{mrh\zm cavt g The

" ranches gg supphing the nght lobe of the liver carny muxed

of the Iner 15 very dis- O Y T e through 5 and portal blood corrme
tended and as large as throuhp the trunk of the pottal sein

thenghtlobe Incidentally,

the whole organ 15 evtremels large and sreaches down to the 1hac crest

After birth” with the cessation of the umbilical flow and the occlusion of
the umbilical vein ductus venosus and certaw wtra hepatie branches of the
umbilical vemn the portal flow passes through all the remuning vessels of
the umbnlical portal svstem and the portal sinus of the adult develops, while
the lner as a whole assumes gradually 1ts defimite and charactensstic shape,
though this process requires some years for 1ts completion

How far Bertin s work became hnown and accepted 1t 1s not easy to assess
l:ut g dscore }:)f sears latg‘ Shabauer constdered that there was little or nnthmg'
0 add to the storv and there 1s no doubt that 1t was a ma
0 kno\l\ ledge of the toetal Iver ot contribution

No large branch of anatom or phystolo
gy was overlooked b
son Haller and he not only added to, but alvo summanzed, Lno l) dmbmcht
the foetal cardiovascul X % ose about
ascular systemn and views about the foetal
PR e etal circulation So
5 737 he produced a work on the Eustachun valve and other publ
t‘mns OHOI‘?‘ edbat mt$r‘als , he also enconraged the efforts of ma!g otll?;
wnters  For brevitv’s sake, however refer: ! .
e Opra e ax;d ence Will be made here only to
to
e 4 703 hs Elementa pinsiologiae corports luman,
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Fic 4 —From A Compleat System of the Blood Vessels and
Nerres etc London 1750 Plate II fig 24 It 15 actually an
smproved copy of Trew (1736) Plate IT fig z3 and gnves a nght
latero dorsal and somewhat caudal view of the greater part of the
cardiovascular system of a human foetus The 1750 legend 18 as
follows aaThevenaportarum runningacrosstheliver b e d The
sinus of the vena portarum the night portion of which 4 distributes
itshranche e e ¢ e through the greater or night lobe of the Iner but
theleftone ¢ goestothelesserorleftlobe Atitsentry stisenlarged
nto dd and sends off the branches ffff Below 1t recenves the
umbilical vein g g and above it sends off the canalss venosus #
which below the branches of the vena cava 11111 collected from
each lobe of the liver 1s joined to the trunk of the inferior or
ascending vena cava k& with which 1s umted the trunk of the
superior or d ding vena cava d of the two jugulars
** and the vena azy £os or sine parr m both which trunks form the
nght auricle 1 o The sack of the left auricle into which enter
the branches of the right pulmonary vemn p and of the left ¢
7 The night branch of the pulmonary artery s s The left 2 The
canalis arteriosus ansing from the pulmonary artery near its
bafurcation and umted with the arch of the aortat ¢ x The night
subclavian 1 The night carotid = The left carotid @ The lehy
subclavian B The descending aorta divided at the 1liac region on
each side into y ¥ The umbilical artery and The crural
& The artena sacra sent off at the drvision of the aorta

foramen ovale He did
not include m its func-
tions the separation of the
superior and infertor caval
streams

Senac, in his notable
treatise on the heart (1749),
also considered that the
valve served to direct the
infertor caval blood to the
foramen ovale It would
be quite mpossible to
summarize here the long
survey that Senac gwe of
past work upon the fcetal
cardiovascular system and
circulation, one can only
recommend 1ts careful per-
usal to those readers who
wish for fuller details

Lieutaud (1754) said that
the Lustachian valve was
normally present m the
foetus, often 1n children,
and sometimes 1n the adult
He called 1t “ digue mem-
braneuse ”’ because, 1n his
view, 1t was not analogous
to the valves found n
vemns, despite the epithet
“membraneuse,” he
realized that there may
be muscle fibres between
the twomembranous lay ers
He spohe of 1ts function
only 1n so far as the foetus
1s concerned By pro-
longing the nferior vena
cava, 1t deepens the lower
part of the nght atrial
cavity, and 1t directs the
blood, 1s Senac noted,
towards the foramen ovale

In the year previous to

Lieutaud’s communication, Bertin revived interest in 1 part of the foetal
cardrovascular system that had for long been comparatively neglected, namels,
the liver Atded by coloured wax 1jections, he had re-investigated the venous
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atriumm and in the adult 1t presents reftun of blood from that atmi;m% during
its systole, into the infenor vena enva Tt probably does not have tbc) unction
assigned 1o 1t by Lanast  Its function m the foctus 15 described be ox:i ;

Haller s desenption of the foetal cardioy ascular unions may be omitted from
abnef sunvey such as the present one, hus account of the foetal arrculation
oo the other hand, should be reproduced at some length It 15 gven in
sections sn Vol V111, and may be rendered m somewhat abbresiated form,
as follows

“The greater part of the foetal blood passes from the ihac into the
umbahical arteries and 15 carned 1n these latter to the plicenta Thas as
I have pomted out, 15 the reason for the small size of the foetal pelvis and
lawer hinbs  The blood returning from the placenta 1s mncreased bt the
nutrient flmd sent by the mother to the foctus It passes into the umbilseal
vein, which sends a small part perhaps a seventh of 1ts blood durect into
the vena cava, below the diaphragm 1t 15 true, but very close to the heant
The rematmng st sevenths of the blood returming from the placenta pass
wto the fver through vessels that m the foetvs are offshoots of the umbilical
sem but in the adult are offshoots of the portal vem  After the blood
has been dispersed through the Iner, 1t 1s collected agan 1n the hepatie
branches of t’ge vena cava and, unsiing wath the blood of the ductus venasus
passes through the duphragm to the nearby nght atnum  Here the
Eustachian valve presents 3t from going to the nght ventrick , 0 conse
quence, 1t must heep strmght on and 0 great part, mahe for the foramen
ovale  There 1t exerts pressure upon the vave and pushes 1ts free upper
portion away from the 1sthmus towards the left attium where there ¢
be no cotresponding force 1o oppose tt The blood thus opens a way for
ttself so that 2s large a past of 1t as the salie mevement will allow passes
upwards and backwards from the nght atnum to the left atnum  Thus 53
the route that 1s followed by ar or flurd injected nto the umbilical vemn
or the inferior vena cava It stands to reason that the mflow 1nto the left
atrum occurs during the diastole and not durmg the systole, of the atria
fhr:::) ::;c left atrium the blood goes 1o the left ventncle and thence nto

‘ The portion of the urabtlical vein bloo
the foramen avale as also that part of the%lgctlhit‘ltlact“r\ggr’:gtf L (}E“O“Sh
and upper limbs v1a the supenor vena cava passes to the ro;nt ¢ head
and thence o the pulmonary artery ftrunk} A minor ot ventricle

to the lungs the major portion passes w1 the duc portian anly gats

tus arteriosus to th
descending aorta  The sortic trunk before it 15 owned by th, the

narrower than the ductus and the blood recer Jd b y the ducts, s

ductus 1s almost more than 1t recenes from th 1ef ? the dorta via the

siderable portion of the umbshical vein bl dc et rentrcle As 2 con-
wider the ductus 15 the more will the 1 ood basses by wis route the
msize’ ¢ lower parts of the body ncrease

The above 1s a remarkable account w
which Haller had to constrace o Bac, E\l:;» (:Eet }f:r:ixci;u the matersal from

uth as t came, 1t could
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The former contuned the final versions of two works on the Eustachin
valve, namely, the one already mentioned and another that was first published
in 1748 In the first of these Haller stated that he had exammned thirteen
cadavers, that no completely satisfactory picture of the valve was avalable
(his own later ones are open to simular criticism), and that the descriptions
of 1t were themselves somewhat obscure  He styled 1t the Eustachian valve
of the vena cava It was always present m the [human] foetus, nd he had
also found 1t 1n every adult subject that he had examined, though the oldest
of these subjects hid been over eighty at death  From a study of Trew'’s
figures, however, he judged that the valve was relatively wider 1n the foetus
In the past descriptions had 1n some cases been confused, and Haller felt 1t
necessary to state that the valve could readily be distinguished from the
1sthmus of Vieussens on the one hand, and from the tubercle of Lower on the
other Incidentally, Haller disbelieved 1n the e ustence of the tubercle

With regard to the physiology of the valve, he wrote  “ There 1s doubtless
some function for this elegant structure, but we do not vet fully know what
1s that function””  He then went on to give what was 1n effect a summary of
previous views, mncluding the suggestion that i foetal hfe the valve directs
the inferior caval blood towards the foramen ovale

The second memotr contamned 1 number of figures of the valve, but they
were not very good ones, and the main interest of the work lies 1n the foot-
notes, which contun details about many parts of the foetal cardiovascular
system In some of these notes there 1s a hint of Haller's embryological
studies Like Mery and others before him, Haller measured the lumint of
various foetal blood vessels and channels The measurements themselses
are of 1nterest (e g he found that n the early foetus the ductus arteriosus by
itself, and 1n the mature foetus the pulmonary trunh, exceeded 1n calibre the
aorta), but one must note that such quantitative data have more than once
led to 1ncorrect estimates of the amounts of blood flowing through the yarious
channels, these estimates being based on the assumption that the blood flow
varies as the cross-section of the vessel through which 1t passes  Other parts
of the treatise dealt with the Thebesian valve, the forumen ovale and 1ts
valve, the ductus arteriosus, the post-natal closure of the two channels, the
fossa ovalis, and the 1sthmus of Vieussens It 1s not possible to summarize
Haller’s statements about all these , with regard to the 1sthmus, however, one
may note that he w1s dissatisfied with Vieussens’ term, 1nd himself proposed,
as a better but still not 1deal alternative, the name * annulus fossae ovalis ™

In his Elementa phy siologiae corporis humant Haller again showed his remarh-
able gift of synthesizing an already vast hiterature  So far as the foctal cardio-
vascular system and circulation were concerned, the important passages
appeared 1n Vols I (1757), VI (1764), and VIII (1766) In these passages
he dealt with the tubercle of Lower, the Lustachian valve, the ductus venosus,
the foramen ovale, the ductus arteriosus, and the foetal circulation

As already noted, he disbelieved 1n the ewsstence of the tubercle The
FEustachian valve, he said, when most complete (as 1t commonly 1s 1n the foetus),
shows no reticulation, which 1s a form of degeneration 1n thts and other valves
The valve 1s not peculiar to the foetus It completes the wall of the nght



HISTORICAL 17

left ventricle and after that into the
aorta and its upper branches, namely,
the amllary and carotid arteries It
returns via the superior vena cava
to the night atrium and 1s drnen
thence 1nto the night ventricle and

pulmonary artery ’ Some of the
blood from this vessel circulates
through the lungs and n the left
atnum_mnes with the blood from
the inferror vena cava  The rest
passes on some of 1t to supply the
lower parts of the body some to
enter the umbilical cord In this
way the best and quast artenal blood
goes to the thymus and brain and
that which returns to the placenta
» derned solely from exhausted
venous blood

Mcholls concept was followed by
one that bore some resemblance to
1t but which was destined to become
far better known and mdeed to
remam for a century and a half with
mmor modifications the domant
hvpothests of the foetal circulation Fre. 8—From Ny holls (17-3) Plate \I' o dtus
Because of this 1t must be described :;mﬁxkl:mu:'x\:p;i ‘ﬁi.i‘if‘;',él'f‘ém"nﬁ’ﬁz;‘ii’,
at greater lcngth than 1ts mntrinsic  Umbiical ven D the Iner and € the lay e parts of
ment pethaps demands It 15 tg 7Y 10 the heart The binod 1s debees
be found 1n 2 memoir by Sabatier From the stnum 1t 1a forced into
that was included in Histore de ::l&r:\};e?xf;\’:’;?w‘rh esmnd carond srenes It
L dcademue Roy ale des Serences, 1774 TEAEataum und s foreed i O e e v
Ut was not actuall published &’25\“?4’,"‘;53:’{’ -;ahelp"‘m‘m"’ e loart of 1t
until 1778 * Sabatier dealt first with o be mixed wa the inferios saeat Sorts feftatrum
the foetal blood arculatory organs  wgrn 2 b cthe lower parts of the Bods ‘ond
e\cclptmg the umbibical vein and sl cord

uctas
oo meil\;sa\;a, which he considered had been adequatcl} described

€ began with the Eustachtan valye

(1717)  Winslow h
th{g(g]\g ans ow he said had b

by

first accurately described b Winsl
€¢n wrong 1n the functions he, sug)gcstle(f ?r::‘

blood from the platones scarcely capable of tr;
FC—2
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carry no more conviction than Haller's personal
authority gave to 1t, and there was nothing to
prevent other concepts being advanced  The first
one th1t needs to be noted was that put forward by
Nicholls 1n 1773, 1t 1ppered n his Disqusitio de
mot sangugs et cordss tm homune nato et non nato
Some of the physiological 1deas evpressed 1n the
text were strange products, and the mam nterest
of the book 1s undoubtedly 1n its 1llustrations and
their legends  Some figures copied from Trew,
and some original ones, depict various parts of
the foetl cardiovascular system, while one plate
shows Nicholls’ 1de1 of ‘the foetal circulation

Fic 6 —From Nacholls (1773)
part of Plate IX  Dried heart of
a human foetus dorsal aspect
Parts of the walls of the atria have
been remov ed to show the Lustachian
salie and the foramen avale The
probe passes up through the inferior
vena cava and foramen ovale mto the
leftatrium  The superior vena cava
the pulmonary arteries and veins
the aorta and nts branches and the
ductus arteriosus are all recognizable
without further explanatton  Note
the narrowing of the aortic arch
before 1ts union with the ductus
artertosus  References in the text to
Nicholls plates are shown i 1talic

i the adult”

dorsal view of
a foetal heart,
with the val-
vula  nobilis
and the fora-
men ovile and
its valve, ex-
posed by removal of parts of the atria and
vessels (fig 6) His Pl X (fig 7) 1s a
dingram m which the arch of the aorta
dimtnishes in calibre as 1t gnes off its
branches until only 1 very narrow “ channel
of communication”™ remains to unite with
the *“ pulmonary artery ” [t ¢ the pulmonary
trunk and ductus arteriosus] which, after
grving off branches [1e the pulmonary
arteries] to the lungs, 1s continued as the
descending aorta  Nicholls obviously re-
garded the left ventricle of the foetus as
supplying the head and upper extremities,

and the right ventricle as supplying the
rest of the body, the flow through the
< _hannel of communication”’’ bemng negl-
gible His Pl X[, finally, 1s a diagram
showing his concept of the foetal circulation
fig 8) The wferor caval blood, derned

érom the umbtlical vem, lver and lower
parts, passes through the foramen ovale to

the left atrrum, whence 1t 1s driven 1nto the

His Pl VIII, fig 3,15 of the opened right atrum
of a foetus, and 1t shows the “valvula nobilis
mterposed between the atra of the heart
valve 1s proportionately larger 1n the foetus than

The

His £/’ IX contamns an nteresting

1
,
:
| .
\«}/’/
c X
.

Fic 7—From Nicholls (1773) Plate X
A nght ventricle recensng blood from the
right atrum pulmonan, artern  which
mees off branches RA to the lungs and
then goes on to form the whole of D the
descending aerta HC the  channel of
communication  which passes from the aortic
arch to the end of the ductus arterrosus
E the left ventricle from which anses the
trunk FG of the aorta which gines off the
axillary and earotid artenies
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coliected by the supenior vena cava from ail the pans supphed by the
‘c’:l:c;igd and subcfavian '\gencs, so that this blood may be returned by the
umbiheal artenies to the placenta and there hase 1ts sitahen restared before
returning to the foetus by the umbihical e Thus the course of the cweulr-
f1on 15 somewhat hhe a figure of 8 The umbthcal vaw which collects the
blood from the placenta discharges it mta the 1nferar vena cava ather by the
ductus 1enosus or else by the hepane vans after 2 passage through the sub-
stance of the lner It then goes through the forimen oV ale to the left atrium
and ventncle  The three farge branches ansing from the upper part of the
aottse arch next carry it 1n large measure to the head and vpper extremtics
Tt returns to the heart by the superor vena cna, and passes through the
right atrsum and sentncle into the ductus arteriosus once again
This smple mechaism  known Sabatier beliesed to no onu but himself,
provides that blood that has circulated through the placenta shall return to
that organ only after it has passed through all pans of the foetus, a grent
mprosement on the generally accepied schema
The umon of the pulmonary trunk and of the aorta semes vet another
useful purpose  Lor the blood expelled wmto the descending aorta by the
action of both ventricles flows thereby with greater force and rapidinv and
retans s impetus nght up to the ter of the umbihcal arteries and
the final portions of the umbitical mass  As Rouhault showed m 1718 the
crculation of the bloed tn the }1

lacenta depends primanly upon the foctal
{:)rcés The 1dea of the unton of the ventncular forces was ﬁrs’i promulgted
y Harven

Finally Sabatier reproduced though at greater length 2 view met with at
mtervals sn earher publicaions namely, that the umbiheal artenes of the
foctus should not be deseribed as onginanng from the internal shac or hypo-
gastnic artettes 3s they appeat to beif examuned some time after bith W I‘)’)h,
the foetus 15 1 utero they anse fram the sorta wself and on thewr course to
the umbtlicus they gne off the external ihac arteries and the branches that
later are to leave the mternal thac or hypogastnic arteries  These, last y
very small branches during foetal hife of large stems 1e 11 utero the umhxlucl
artenies are the trunks of the branches from which later they will 5 o
anse  The small size of the external (hac arterses and of the h L
b)rlanches 1 not surpnsing for the wmbihical artertes are the osms)a(l) gl:xstlnc
‘!hfz tém:gsé n‘r?l\:"ma eram\ \{f\e c’:ml must rccc}x‘\ eltht greater part of the \joo% ao\f

g nsequence the lower

(‘i\t‘?}:“,;d of any excess of nounshment are fcebieez:;ilmﬁ'x‘x:fsb“f cthe foctus,
e supertor extremities and the head, o which blood 2 sopaon

m\'xxgh greater amount ! < 00¢ 15 supphed 1n

£re are many comments that

bt ome will suffee here namd: That c&fdlzmake on Sabatier’s hypothesis
many antmals even 1f 1t 1s present m the hy; usta;hnan valye 18 sbsent. from
lower ammals had been seported as noted Lnbzgx S e absence from
cen mentioned later by VMorgagnt But ve by Lancst, 1t had abao
aghteenth century were largely wa g paraty e studies dunng the
was the human foetus 3 wanung and the mam object of research
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Sabatier, however, as 1 result of much research, confirmed Winslow’s view
that the valve 15 normally greater in size in the foetus than m the adult  He
added that the decrease 1 size with age 13 often accompanted by reticulation
(? cause) towards the free border of the valve

The main function of the valve, Sabatier thought, must be during intra
uterine life, as Winslow had [ his first memorr] concluded What that
function w1s, however, Sabatier had only succeeded m deducing after
examining many times n the foetus itself, by means of 1 special techmque,
the situation, form, anda direction of the valve ‘I saw,” he wrote, “ that 1t
must prevent the entry into the right atrium of the inferior cayal blood, and
direct 1t 1n 1ts entirety towards the forimen ovle, whence 1t passes mto the
left atrium and left ventricle, and from there into the aorta and the vessels
going to the head and upper extremities ”

The situation of the foramen ovale, he added, 15 greatly 1n support of this
view, for 1t 1s placed not between the right and left atrra, as commonly stated,
but between the union of the venie cavae and the left atrum  The nght
atrium 1s pliced too far forward (1 sternally) to correspond enactly with
the left atrtum, but the two venae cavae, which lie behind fl e dorsally) and
to the right, back on to the left atrium by means of their left and posterior
(te dorsal) portions It 1s, therefore, impossible for blood to pass from the
right atrtum to the left one  Blood coming from the superior ven1 cnva 1s
guided 1nto the right atrium, both by the direction of the vein, which descends
very obliquely from right to left and from behind forwards (1e dorso-
sternally), and also by the Lustachtan valve, which sepirates the two cavil
streams  Thus, 1t 15 only the inferior caval blood that can enter the left
atrrum through the foramen ovnle

The foramen 1tself 1s below, rather than at the junction of, the two venae
cavae This, and the anatomical structure of the parts, including the
Eustachian valve, prevent any mixing of the two caval blood streams That
coming from below, m large measure from the umbilical vein, goes nto the
left atrium  That coming from above goes 1nto the right atrium, and thence
ito the right ventricle and pulmonsey trunk

From the Lustachian valve and foramen ovale Sabatier passed on to con-
sider the ductus arteriosus  Anatomucal descriptions varied  Some sud 1t
arose from the left pulmonary artery, some from the bifurcation of the pul-
monary trunk  Statements about 1its size were also conflicing  He himself
declared that 1t arose neither from the left branch nor from the bifurcation
of the pulmonary trunk, but was 1tself the continuation of that trunk to the
descending norta  The pulmonary arteries, he sud, are small, in conformity
with the size of the undeveloped lungs  The nght artery leaves practically
horizontally , the left, which leaves soon after, goes almost perpendrcularly
upwards The calibre of the right 1s twice that of the left  These directions
and relative sizes persist after birth and throughout life

The function previously ascribed to the ductus had been that of diverting
to the descending aorta the blood which would otherwise have had to piss
through the lungs This, 1 Sabatier’s opmion, needed amplhification }:lls
follows 'The channel In question transmits to the descending aorta the
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esidence, though the chemists mght 1 the future find diffcrences in the
wntimate composibion of the blood 1 Aifferent vessels  But, 1 first observed
by Sabatier, the general blood mass of the foetus 15 1 2 way dinded 1nto two
28 2 tesult of the disposions of the foramen o3 ¢ and ductus arteniosus
Bichat then went on to give Sabater s schema without, strungels cnough,
mentiomng the Lustachuan vahe In the fotus especially w the early
stages there are o blood sysiems The first anygnates w the capdiwnes
of the abdomen, lower limbs and placenta, and the hlood dertsed from these
sources passes up through the infenor sent cwd wnty the left atriam nd o
thereafter ejected by the left ventricle wto the ascending 2ort and distnbuted
to the capillaries of the head and upper parts The second svstem onginates
1n these same capillanies, passes dovn through the supenor vena eava inlo
the right atrium’ and 1s ejected by the nght sentncle mto the descending
orta and distributed o the capitlaties of the abdomen, lower lmbs 1nd
placenta  In other words the blood rirculates n a figure of 8 1 the first
months from conception
Thereafter there 15 a sow change  Through the grdual shuting down
of the ductus arterjosus more and more blood passes through the Jungs
But throughout the greater part of foctal hife, the left ventncle sends blood
ta the uppet parts and the right teatrele to the foner anes  The left ventnicle
W nearer the parts it supphies and wts walls are thicher than those of the nght
ventele  hence the difference 1n development of the upper and lower parts
of the body  The closure of the foramen ovale goes pant passu with that of
the ductus arteriosus  Hence the snferior caval blood can no Yonger pas
mnts entirety to the left atrum, and an ever increasing part of 1 mus:q ‘p x)c
the superior caval blood through the night side of the heart and the \ﬂgoo ary
arcut  In consequence the ascending sorta begins 10 recene “S: mb?nn
;I}xkan can be distrsbuted by 1t through the carotid and subclavian m’c’ﬁfﬁ ;’ﬁg
}D‘e‘:ggsr:sg;%etshf%agr:“n mto the descending aorta for distibunon 10 the
The gradual retraction of the ductus
seen if one examines foetuses ay dnffeicm :gg’::w; :ngniarz)zm}cxn osale can be
relation between the amount of blood sent by the nﬁ b :'ﬂ there 1s a definite
pulmonary arcu, and the amount semt by the l‘f: 2 ventricle through the
pazts) o)f‘ the pedy  As full term approaches, thererx: :::?X;ﬁlis:q;z:hc fower
1} the amount of 1nfe
an ? ;ns;es & nghtgar:?xrux‘;?\, al blood that joins the supertor caval blood
2} the amount of rnight
cxr(cu)ut;nd passes into thgll\eft‘:::':\\’l‘:: h;n?ixwd that males the pulmanary
€ Ao
,‘m‘i‘ mount of left ventncular blood that passes to the descending
Bichat next went on to const
s Sy e o o o Gt v, e
0 appose the entry of portal 1 y 2 at this spur wa,
blood into the ductus H? n‘; # e blood, but not of umb 5
from th mbilical vein
10 recerve the residug of th cc%;[:r ed from this that the ductus way inten
copiousty supplied with blood durﬂzaf%ital '?{xe fiver, be canunued, 15 ‘(if'(;
ife Hence the velatnely lagge
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More 1mportant scientifically than Sabatier’s memorr, but destined to
recerve hittle recognition 1 the 1mmediate future,! was a communication that
C F Wolff, the embryologist, made to the Imperral Academy of Sciences of
St Petersburg 1n 1776 It was entitled “ De foramine ovali, €eusque usy, 1n
dingendo motu sanguimis  Observationes novae,” and was illustrated by
two copperplites  Haller, as already mentioned, was the first or one of the
first to grasp the importance of embryological research 1 connection with the
problems of the foetal circulation  Wolff, though m opposition to Haller on
certain major counts (Needham, 1934, 197-), had the same outlooh towards
the subject and, through Mechel, he had to some extent derved from Haller

Two reasons that probably contributed very considerably to the relatne
falure of Wolff’s memoir were, first, that 1t"was confusedly wntten and,
secondly, that the illustrations were complicated and probably ncapable of
conyeying much to those who had little acquaintance with toetal dissections

He began by saying that m the past there had been disputes about the
foetal circulation but not about the anatomy of the parts The foramen
ovale was unnversally held to be single and unlihe any other opemng or duct
mn the ammal body It was, however, less the unnatural 1d€:a of a single
foramen between two vessels than the nevactness of current descriptions that
had determimed Wolff to 1nvestigate for himself ~ As a result of his anatomical
studies, he concluded that the human foetal atria were not in direct com-
munication with one another, but that the nfertor vena cava was nterposed
between them, and had mdependent openings mto each of them The
sthmus of Vieussens was common to both right 1nd left operungs, which
were completed by the Eustachian valve and the valve of the foramen ovale
respectively  The 1sthmus was nearer the night than the left side and Wolff
esttmated that, towards full term, about two-thirds of the imferior caval blood
would take the left-hand route, and about one-third the right-hand one  He
also examined the heart of the foetal calf In this there was no Eustachian
valve, and there were certam other differences from the human But here
agamn the 1sthmus of Vieussens divided the inferior vena cava, which terminated
1n short right and left branches The bifurcation was even wisible on the
external surface of the preparation

With respect to the ductus arteriosus, as opposed to the foramen osale,
Walff’s 1ccount was relatively poor, and he made no mention at all of the
ductus venosus  With respect to the foetal circulation, he believed that the
amounts of mfertor caval blood going to the left and right atrra respectively
varted according to the nge of the foctus, but that all the superior cuval blood
went to the right atrium b

Desptte the rightness of his new outlook upon what has recently ; It:en
styled the mferior/postertor cwal channel and 1ts terminal divisions, Wolff s
worh met with more opposition than praise, and the only defintte supporters
of 1t hnown to Kilan (1826) were Okel, Mechel, and Louron

After Wolff, Bichat published, 1n 1801, 1n 1ccount of the foetal circulation
He drvided the adult blood vessels mto those with red blood and those with
dark blood 1In the foetus no such distinction was possible on macroscopic

1 The Radchffe Librars Ovford copy of Wolff s memorr was uncut before 1940 !
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evidence, though 1he chesusts rught 1n the future find differences n"{
Inttmate compostiton of the biood m Qifferent vessels  But, 1s first observed
ty Sabaster, the general blood mass of the foetus 1510 2w dnided mto two
as o gesult of the dispositions of the forimen ovale and ductus arteriosus
Bichat then went on to gnve Sabaticrs schema without, strangdly nvuzh,
mentioming the Eustachin vahe In the foetus, especnally the ey
stages there are two blood systoms The ficst organates i the eypillanes
of the abdomen lover imbs, and placenta, and the blood dernved from thise
source, passes up through the mferior vena T snto the left atrwm, and s
thereafter epected by the feft ventnele mto the ascending, 1ort and disteibuted
to the cipiffanes of the head and upper puts The second system originates
1 these same capillanes, passes down through the supenor 1tn1 €11 into
the nght trum and 18 ejected by the night ventricle mto the descending
sorte and dustabuted to the capiifanes of the abdomen, lower hmbs, and
placenta  In other words, the blood circulates i a figure of 8 m the first
months from conception

Thereifter there 1s a slow change Through the gradual shutting down
of the ductus arteriosus, more and more. blood passes through the lungs
But throughout the greater part of foeta) We, the left ventricle sends blood

to the uppcr parts and the night ventricle to the Jower ones  The left sentnicle

¥ neater the pants it su%phes and 1ts walls are thicker than those of the nght
ventnicle  hence the dy

erence 10 development of the upper and Jower parts

of the body  The closure of the foramens osale goes p:mP passu with &h;::t of
the ductus arteriosus  Hence the mferior caval bload can no longer pass
snats entirety to the left atrium_ and an ever mcreasmg part of 1t must ga with
the supenor caval blood through the night side of the. heart and the pulmonary
crcurt  In consequence the ascending aorta begins to recene more blood
:Ran can Isncgdnsmbutgd by t)xr(;]ugv}é the carotid and subclavian arterics, 1nd

€ exes: 0es on down mto the L‘SC&nd'n o
e e o g aorta for distribution to the

The gradual retraction of the duct

us arteriosus and foramen oy
5e1eu 1f ope examunes foetuses at different stages  In generil, there x: ].: dccnt? 2:c
rel ;mon betsieen the amouat of blood sent by the night ventncle throu hmhc
g: ﬁa‘;\faz‘ ecxnr:cllx;t Adeﬂ;{: amount sene by the left ventrcle to thcg\m{,ci
s full term approaches there 15

(r) the amount of 1nferor caval hla e sty
an{i ;)as;}ses wnto the right atrunm od that gomms the supror caval biood

2) the amount of nght ventrcp)

ar bl
c&r(cu)x( ;xlnd passes into the Yeft atrium , nnz ood that makes the pulmonary
3) the amount of Iett ventncular

ol blood that passes into the descending
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size of the organ and 1ts dimnution on section According to Portal, 1t 15
relatively largest up to the seventh month, the same authority noted that
the umbilical vemn blood went largely to the left side of the organ This
blood, while 1n the umbihcal vemn, was redder than that i the portal vun,
qccordmg,tu statements made by Baudelocque to Bichat, and according to
the Intter’s own observations on gumet-pig foetuses The redness s,
apparently, lost 1n the lner  After birth, there 1s 1 fall 1n Iiver volume with
the cessation of the umbilical venous mflow, and the ductus venosus closes
through the contractility of the tissue

There must, Bichat stated, be some precise relation between the closures
of the ductus venosus, foramen ovale, and ductus artetiosus, and between the
chreased actwity of the lungs and decreased nctivity of the hver at birth

Nous jugeons,” he added, “ de ce rapport sns le connoitre, parce qu'un
votle est encore repandu, comme je I’ dit, sur la circulation du feetus

In 1826 Kihian published not only a very much longer, but also 2 more
thorough and comprehensive, account of the subject than had ever before
appetred It included a review of past work from Galen’s time enwards,
together with Killan’s own considerable contribution  He had studied the
human circulatory organs from the third month of intra-uterme hfe onwards,
and had gone far beyond his predecessors, Haller and Wolff, 1n this ine  Hn
material 1lso was plentitul, so he was able to check each finding 1n 1 number
of subjects  He dealt 1n turn with the mferior caval entry into the heart, the
Eustachian valve, the valve of the foramen ovale and the foramen itself, the
ductus artersosus Botall, the pulmonary artertes, the umbilical vein and
ductus venosus Arantn, the umbilical artertes, 1nd—to supplement the human
data—wath the heirt of the unborn calf  Part of one of his Plates 1s repro-
duced here as fig 9

Kilian’s hustorical survey w1s 1n some respects less 2ccurate than the present
one, but 1t was a great improvement on previous accounts

With regard to the inferior caval entry into the heart, one may say that he
followed Wolff but went farther, both 1n the details that he gave and also 1n
the lucidity of their presentation! The force of the inferior caval stream
1s responsible for the formation of the Eustaciuan vale and the valve of the
foramen ovale, which are merely duplications or continuations of the mem-
brant mntima of the vetn  The valve of the foramen ovale 1s not necessary
1 order to prevent reflux from the left to the night atrium  Tor in atnal
diastole there 1s no question of blood so pissing, and m atrial systole 1t goes
naturilly from the full atri mto the empty ventrrcles  On the other hand,
Winslow and others were wrong in thinking that the sole function of the
salve was the post-natal closure of the forimen, for 1t reaches 1ts maximum
development by the thirticth week of pregnancy  The infertor vena cava 1s
wider at 1ts entry into the heart than at its passige through the diaphrigm
It opens into both left and night atria, the two openings being halves of one
and the same chinnel  The foramen osale 1s thus nothing but the opening
through which the left strewm of inferior cwval blood enters the corresponding

by the present writers

1 The precss of kalran s work which follows here contains no comments
pure kihan

except for the footnote mentroning Ziegenspech s critiasm The rest is
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atrum  The function of thevalveof the forar;cnl
ovale 1 to psepare for, and to effect, the gra “}i‘
closmg off of the mfertor vena cxia from tfc
left atrum _and to promote 1ts complete transfer
to the nght atrum  The Eustachian valie 15
supposed to gude blood from the mferior vena
cava to the foramen ovale, but the direction of
the s emn itself 15 adequate to ensure thus - Further
+f the valve does so drrect the ascending blood to
the foramen, then the whole of this blood must
go to the left atrum as Sabatier postulated and
not merely the greater part of 1t, as Haller stated
For, once the left atrium 1s full 1t contracts and
a5 svstole 1s symultaneous 1 both atria no blood
can pass to the right atrium after the left has becn
filled But according to Rihan's findings, part
of the imfertor caval blood does reach the right
atrum so the Eustachsan valve cannot have the
above mentioned function  What st actually does
1 to form the opening of the inferior vena cava
mnto the right atrum, and to guide the feror
and superior blood streams entering that atnum
so that they do not obstruct each other In-
jection evpersments show that the mam effect
1 upon the supertor caval flow rather than, as
usually stated, upon the inferior one

From the above survey of the inferior caval
entry hilan passed on to consider more par-
ucularhy the Eustachian valve and the vahe of

the foramen ovale stating mn passing that neither
was 2 vahe

Fic g ~Fromhilian{1826) The
mam part of Plate 1 showing the
heart and great vessels of a human
foesus 2t the bemnning of the founth
month  The nght atnum has been
cpened up and the heart a3 3 wh le
somewhat d placed 1 order to dis

play certan structures  The probe
passes up through the infenor sena
casa then lies bercen the (xpanded
1 ustachtan valve and the vahe of the
forsmen ovale and finally dsappears
from viev o the 1 ft of the arched
1sthmus of View sens within the
cavity of the left strur  The
superior eaval openirg o the pnighs
atnum 2nd the nzbtatny  entncul ¢
onfice are cleatly seen

m the proper sense of that word The Lustachtan vahe s

mn full development at the end of the third, and  the fourth month of

pregnancy (fig o) after which 1t becomes relatvel

changes from 15 ongmal position and he
several anatomusts have believed, when fully
The vahve of the foramen ovale 15 present b
month of pregnam:} (fig 9) but undergoes m
before reachung its full development 1n the sey
of the tuntca mtima of the inferor
greater than nto the nght 1 co

correspondence with the muc
flow from the ven nto the left .’

atrum

In the last months of
muscle fibres are visible 1n the valve of the foramen ovale, the textur,
he Eustachian valse

18 has had a correct
All other writers regard 1t as 2 sim view about the

foramen ovale

atrial septum that can be closed on the I

eft side b
on the subject 15 very great and even the mci CONNOLatD

y smaller and undergocs

It shows no fenestration, as
developed

etween the second and fourth
any changes 1n position and hie
enth month

vena casa mto the left atry

The prolongation
m 13 very much
h stronger blood
pregnanc
¢ of whcl

ple opening 1n the inter-
usale  The hiteratyre
n of the term
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*“foramen ovale” 1s not umversally the same The fortmen 15 not a per-
foration of the interatrial septum, but 1s postertor to that septum The
drrection nd he of the 1sthmus of Vieussens and of the foramen are not e1ss
to describe because of the very considerable rotation of the foramen from 1ts
first appearance up to birth and even after birth

The ductus arteriosus 1s generally sad to be an important branch, or 1
continuation, of the pulmonary artery [1e pulmonary trunh] and, apart from
Roderer and Bichat, who had no real basis for their statements, few writers
have properly assessed 1ts function ~ Actually the pulmonary artery, together
with the ductus, 15 the abdommal aorta so long as the ductus remarns open,
te duning the whole of foetal Iife In evactly stmular fashion the arten
nising from the left ventricle 1s the cercbral aorta 'The blood for each aorta
comes solely from the ventricle with which 1t 1s connected

The basis for the new view 1s provided by

(1) the developmental story of the cardiac vascular trunks ,

2) the anitomical lic and disposition of the vessels 1n question ,
3) the very obvious evidence drawn from the doctrine of the circulation

(4) 1njections with wax masses of different colours, and

(5) the findings of pathological anatomy *

As a result of his yartous evidence, Kilian proposed to discontinue 1n the
rest of his account the use of the terms ductus arteriosus, pulmonary artery,
and ascending and descending aortae, 1nd to substitute for them the terms
cerebral and abdommal, or left and right, aortae

He passed next to a consideration of the blood flow through the lungs of
the foetus  There 1s, he said, a generally accepted belief—though 1t 1s entirely
unsupported by any direct evidence—either that this pulmonary flow 1s
non-ewstent or else that 1t 1s relatively small  Actually, the blood supply to
the foetal Iungs 1s as copious as, and perhaps relatively greater than, that to
the adult lungs TIrom the fourth month of pregnancy to full term the
development of the pulmonary vessels keeps pace with that of the lungs
themselves, so that 1t 1s nidiculous to speah of a slight pulmonary circulation
There 1s also a copious bronchial arterial supply

To previous accounts of the umbical vemn Kilan added httle  He held,
1n opposttion to Bertin and others, that the ductus venosus 1s not a conttnuation
of the umbilical vein, but of the main trunk of the portal vein Tt corresponds,
1n the crrculatory system of the liver, to the ductus arteriosus in that of the
lungs With regard to the umbilical arteries, Kilian stated that n the third
to fifth months of foetal life they anse direct from the descending aortn, and
are only later taken into the compass of the hypogastric arteries

From the cardiovascular system of the human foetus Kilian passed on to
constder the nfertor vena cava n the heart of the foetal calf ‘The heart of
the four to s weehs’ calf differs from the human 1n five respects

(1) ats deeper descent and relatively larger size,

1 Among the cases quoted by Kilian was onhe dest:nbedf by Steide!

ta was completely obliterated at the point where 1n the foetus it co
iif-‘;}m“s a nmﬁ’omgg 1e between the ongin of the left subclavian artery and the union of the
ductus arteriosus and aorta This part of the aorta 1s Nicholls  chanrel of communication
Ziegenspeck (1905) cnticized Kilian for basing too much on 2 single pathologreal instance

le in which the lumen of the
mmonly—according to Kilian
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(2) the absence of a foramen ovale prov wing  direct commurcition
w o atna

bet(\;)ee;léh(e;tge absence of the Eustachian and Thebestan t)ahcs :md]

(3} the completely different structure of the vahe of the foramen 011 eh

*Che atria commumicate only indirectly through the right and left brar;]c L‘;
of the mferor vena cava 1nd the inferor vena cava weelf  This truth, of
fundamental smportance for the doctrine of the foetal airculation, 18 even ;nor(.
evident i the foetal lamb, wh ch retams the double branching of the mferar
vena cava and the prolongation of the left branch into the left atrum nieht
uptobith  The studs of the foetal calf’s heart thus confirms the impresstons
obtaned from the stads of the human foetal heart with regard to the double
opentng of the mfenor yena cava_the import of the foramen ovale, and the
rusnaming of the salvulae Eustachn and foramims ov als

In the final section of his article Ralian propounded his views of the air-
culatton mn the foetus It nould he sud, be a thanhless tash to work out
schemata for 21l stages but one ought to find a theory apphcable to the period
during which the heart undergoes no further fundamental changes This
penod may be said to begm when the 1tenentricular septum 15 camplete
both atria are developed, and the valves of Lustachius and of the foramen
ovale are m full actnity  The fourth month of foetal life satisfies all thesc
requirements for from then untl the esghth month there are no more funda-
mental changes 1n the heart

After enticzing what he called the theories of Galen and Hanmev and of
Sabatier Bichat and Richerand respectively, hiban went on to state his own
The blood from the placenta, he wrote passes w13 the umbilical vemn to the
liver where 1t dovides mto two unequal portions  Much the larger one makes
its way through the liver while the other, much smaller, one passes direct to
the infenor vena eava through the ductus venosus  In the short but wide
channel of the thoracic portion of the nfenor vena cava the placental blood
mixes with that coming from the lower extremities, pelvic viscera and so forth

The strong stream of blood reaches the heart where 1t divides 1nto two
parts  One of these passss unmixed tnto the left atrum while the other
contributes to the filling of the nght atrum  ‘The left atrum  therefo
contams a muxture of part of the inferior caval blood with that from l;:'
pulmonary vens  The right atrium, on the other hand contar .
of the rest of the nferior caval blood with that from the super o e e

So soon as the atna are full, which 1s a simultaneous o A A
:he;l C(m};;ct amiil their contamed blood passes nto the cf)crl:gf,gf]%l‘:glioct:.
ricles ese then contract i thetr turn and the twin arterial .
begins  The blood from the left ventricle passe: [: ertal circulation
and 1ts three ascending branches only e tpmse sfmm the ascending aorta
aorta  'The night ventricle of ce of 1t reaches the descending
vascular bed ofg the pu\monar)na:zleex')o.}l}r‘lgc{l\fcr;gs ggzgs;\:: ‘l)r‘l?g(zh‘lé‘ the l(-.;r C

not a trace of 1 ) e descendin
time both atra are {ull, b\notdr::rc\?\gi ::f‘( ﬂ;::endmg sorta  Thus, from th%
mgrgnebrlxal;ystcms are completely separate any part of the circuit, for the
¢ blood gomng by the a

scending aorta returns through the supefior vena
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cava, that going by the descending aorta mahes the placental circwit The
most difficult task that remains 1s the elucidation of the airculatory conditions
in the placenta tself, and of the connection between the placenta and the
wAlls of the uterus

From what has been said above, 1t 1s obvious that the most important
differences between the foetal and adult crrculatory organs 1s that m the foetus
the mfertor vena cava helps to fill two tria, and that there 1s a double aorta

The left branch of the inferior vena cava has for the foetus exactly the syme
physiological significance that the pulmonary vems have after birth, for
through 1t the most enlivening [1 ¢ “arterial] blood passes to the left heart
In the early stages of intra-uterine hfe the nferior vena cava supplies a greater
proportion of the blood going to the left heart, for the pulmonary venous
return 1s small  Later, with the increase in this return, more inferior caval
blood 15 diverted to the right heart and this diverston ruses the quality of the
blood returning by the pulmonary veins, so that the quality of *he miture
i the left heart 1s not seriously impared The left branch of the inferior
vena cava has, thus, the important function of preparing the left heart, both
dynamically and mechanically, for its future vocation

The 1ncrease in inferior caval flow to the right side of the heart m the later
stages of pregnancy means a rise 1 the quality of the blood coming to this
side In addition, as the superior caval flow still comes to the right atrum,
and the inferior caval contribution 1s relatrvely mncreised, the right heart
tends to increase 1n size as compared with the left

In the placenta the foctal blood undergoes a change antlogous to that
which the post-natal blood undergoes 1n the lungs Hence the left branch
of the infertor vena cua supphes the left ventricle of the foetus with blood
that 1s not dissimilar to that supplied to this same ventricle by the pulmonary
vens 1 post-natal hfe

In the foetus there 1s a greater circut for the blood to traverse, for 1t has to
pass to structures outsside the body In consequence, it 1s necessary to
employ more power to drive the blood around, and this 1s ¢nsured, not bl)m
add‘;ng to the work of the left ventricle, but by both ventricles dealing wit
the propulsion of blood 1nto the aorta, which 1s so divided that the force to
be expended by eiwch ventricle 1s approumately the same — Research has
shown that the strength of the walls of a ventricle varies directly as the extent
and mtensity of the crculation effected by 1t The night ventricle his i the
foetus, where 1t sends blood to the placenta, a tash anilogous to that which
1t has after birth, when 1t sends blood to the lungs, for, as we have seen above
the placental function 1s analogous to the post-natal pulmonary function  As
more and more blood comes from the inferior vena cav to the nght heart
during the later stages of pregnancy, so more‘blood ¢jected by the night
ventricle passes mtol the first branches of the ‘abdominal aort,” 1e 1nto

vessels

thfitpglr:t?‘nlzézys, from all that has been sad, that the peculiar structure of the
inferior vena cuva, where 1t enters the atra, and the changes underg;onedb\
it, are the prime ciuses for the heart and great vessels dewelopmglas tlct)h o

In the foetus the left ventricle performs duties not too dissimilir to those
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that 1t 15 to pexform throughout tfe 1e the propulston tnto arteries of blnod
hat bas been (mate ot less) revn fied The right ventricle, on the other
hand toust not onty send blood to the placentt and thereafter to the tner for
such revnsficition but it must ako supphy the tower part of the bods with
blood suitable for tts nutntion  If the mfenor caval wnflow nto the right
heart were not mereased, as we hive seen it to be, w the later stages of preg-
nany, the blood 1n ths nght side would be even less pure than 1t 15, 1n com-
pamson with that n the left ventnicle In consequence, there would be 2
pooter development of the lower half of the body as compared with the upper

In contrast to the physiologists who sud that all the special foetal erwdiac
rmechamusms are there for the purpose of by passing the pulmonars aircust
Rilian beheved thit the mamfold changes undergone by the cardiovaseular
swstem, ncluding the ncreasing flow through the pulmonan aircutt as
pregnancy progresses are preparations for the complete mdependence of the
two sides of the heart that 1s to occur with the first respiratory actnny

Intra utertne fife as exemphfied by the vascular svstem, is a preparition
for the highest form of ife  This system must however (and in this at 1s ar
a disadvantage as compared with some other organs), be so advanced by the
end of pregmancy that 1t can change over at once ta tts post-natal state with
the onset of respiration

With tk‘us respiratory actiity there 1s a great increase n the blood flow
from the * abdominal aorta  into the pulmonary vessels and a corresponding
decrease 1n that from the same vessel into the umbilical artenies  When the
pubation m these artenes drops, one hnows that the pulmonary oroun s
h.;!\cum\mg welt and that one can sever the umbihcal cord "When the
placenta 1o away there 15 an ncreased venous return to the night heart and
therchy an ncreased flow into the pulmonan vessels The return to the
left atrium 1> greatly mcreased and the so called valve of the forame )
which up to birth had been lying ever clostr to the micratrial sept " no
P?shed noht up agamst that septum s that the openimg lnf f\i’t’ ;,c';; \l)sr::c‘}‘l
of the infertor vena cava mto the left attum, 1e the <o called ¢ foramen

owale 15 no more  With the increased flow nto the lun “
:i;:;m‘\\aé aorta  the left ventncle has to take oter the sup;g);\ ‘X;)l)k‘n:h!()};i :rt:;
d\lamtm:\Eo?U\‘b u: concern m foetal Wle  This can only occur thmuph a
lataton of ea::!.m“ bpdmm that has been described as oceurring bct\%ecn
e e x‘ omuinal 201ta¢ 1 the foutus, and the consequent
AL e s]:\nig e post natal zorta to which one 18 accustomed
Kmbbe Pmduc::l a‘ e 4{21618 e oD 1834 ane of hus puptly
T Droduced o \;emat able doctorate thesis entitled Dzsquumg; ;
uiahone somgurees an foetu maturo 10715 absert almnu;:‘:

anatomicn
anat mr[clxm fxg:\‘:imx: . "I)'fhe bulk. of the book 5, as the nitle ndicates Tustonical
Satements e e us:hm the modern hustarian provided he 1o r‘c};l
“orh obaaously dere esef:xu or Apart from thi elagorme intreductio : t‘:e
nincteenth cenurs b rm;\ and supports, halisn In the Iattcr o
Bted 1 e ! ever leat his copy to Ziegenspeck and the lap:::m of the
Ziegenspech and tho:epm By page for his own use  Th or trans-
who dertved from hum, apprectated a:s“es\;pla}x)ns N hix
nght wort]
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golﬂ’s contribution but 1n certain important respects misrepresented that of
arvey

In 1835 Reid published the results of mjection experiments carried out
upon three dead human foetuses In a note printed later 1n the same vear,
he wrote that the njections “ go to confirm the opinton which Sabatier, trom
a careful examination of the structure of the parts, entertaned of the use of
the Lustichian valve The observations of Sabatrer, although approved of
and 1llustrated by Bichat, seem scarcely to have satisfied the generalty of
anatomsts and physiologists, that 1t could possibly prevent the mtermmture
of the two currents, 1n the manner he described, so that we frequently find
this opinion referred to, as the supposed use of the valve , and m two of the
Intest works on physiology, those of Magendie and Dr Bostoch, the use here
assigned to 1t 15 by the former strongly stated to be impossible, and by the
latter 1t 15 treated s a fanciful hypothesis The careful examination of the
foetal heart w sin must tend powerfully to remove the scepticism which
usually evsts on this subject ”

He then gave an account, rather simular to that of Sabater, of the positions
of the forimen ovale and the Custachian valve, fimishing up with the remark
that “the course which the currents tahe 1n passing along the aorta and
pulmonary artery 1s confirmatory of njections of these arteries m the foetus,
made by Kilian >

The above note 1bout Reid’s work 1s inserted here not because of any
particular merit of his mjection experiments, which are open to 1 number
of criticisms, but because his comments grve some 1der of current opinion
mn at least one country So far as that country—Great Brtain—uw1s con-
cerned, Retd’s experiments would appear to have helped in reviving Sabater’s
schema  For in Herbert Mavo's' Outhues of Jhuman physiology, published
1n 1837, the routes followed by the foetal blood were presented as they had
been outlined by Sabatier and, 1n the part dealing with the mferior caval flow,
though Reid was not mentioned by name any more than Sabatier had been,
1t was stated that “njections on the dead subject venfy the correctness of
this hypothesis 7 On the other hand, the route suggestt.:d for the superior
caval flow, 1e into the right atrum and ventricle, was * fairly presumed
to hold 1n the Inving foetus, “ bectuse 1n_anatomically preparing the foetal
heart and injecting 1t, 1t 1s found that wax thrown into the upper cva pursues
this course ” Incidentally, Mayo mentioned the coronary venous return as
flowing with the supertor caval blood nto the night atrium and ventricle, but
did not refer to the coronary arterial flow, though this should be of importance
in Sabatier’s schema But, except In very recent reviews, writers on the
foetal circulation have shown a surpnising forgetfulness of the coronary
circutt, and perhaps Mayo should be prased for mentlom‘ng the coronary
veins rather than blamed for fatling to mention the arteries

A similar, though shorter, description of the foetal circulation was prcs]emcd,
n 1856, in Todd and Bowman's The physiological anatomy amihp}z_)ém;) 09y of
man, and without examiming every textbook one may presume that Sabatier s
by then widely accepted mn Great Britain

concept was
i h edition of Quain’s Anatomy, forty years later, the account was

In the tent
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lats
fied by such phrases as “1t 1s beheved ” and the possiby
f\eg.al:le‘m[\g,:eld that 2 smallppart of the mferior caval steexm might mingle
with that of the supenor vena cava, and pass into the nght heart But 1n
general the schema of the foetal blood flow presented i this 1896 Quain w1s
Bt which Sabatier had put fornard 1 1774, and both he and Reid were
mentioned by name though wathout references In addwton there was the
followtng note A striking confirmation of the extent to which the last
mentioned drvision of the two currents of the foetal blood may tahe place,
without disturbance of the circulation up to the time of birth 1s afforded by
the examples of malformation mn which 1 complete obliteration h1s cuisted
1 the zortic trunh tmmedntely before the place of unmion of the ductus
arteriosus with the postertor part of the aortic arch
Wniting 1 America wn t9og, Pohlman referred to Sabaticr s concept as the
theory then prevalent
In France according to Rewd, 1t was opposed by Magendie after bemg
warmh supported by Bichat  Later, 1t would appear to have been generalls
accepted Just as 1t was in Great Brtan  Such atall events 1s the impression
th.t one gets when one reads Marey and Carlets very clear account (1875
n Dictionnarre encyclopedigue des sctences medicales In this account mcident-
ally, the wnters spohe of the placenta as bemng an organ of nutrition as well
as of respiration Both uses must have been mentoned with some pride
bfl Frenchmen 1n as much as Lavoster’s worh had introduced the modern
phase of respiratory study and Claude Bernard 1n 1858 (\ecedham 1914, 86)
had discovered that the glycogenic function of the liver 1s undertaken for the
foetus by the placenta, thus jusufying Aranzi s intuition of three centuries
earlier “Marey and Chrlet considered that practically all the inferior caval
blood from the umbitical and portal veins and from those of the lower
evtremities passed nto the left atrtum, being guided thither by the Eustachian
vahe On the other hand, 1n thetr view, the tubercle of T ower turned the
supenior caval stream away from the inferor caval stream so that the former
passed pracuically completely into the night atrum and ventricle
In Germany also at least up to about 1880 Wolff s main finding remained
not onlv unrecognized but also unhnewn  In the textboohs of anato
phisiology  embryology and mudwifers one found reproduced now the x::l‘d
anvean  doctrine now that of Sabatier, and now a mnture of th
(I?;;egz?Specl; 162‘54)b Onexgns only to read the mawn part of Prever s Spi(:;;.g
Al ogie des moryo
Vet theosame boorl'- l':)clufdedb ar:ua:tealhzeb hoZ“ confused were current sdeas
] icle by Ziegenspech (Ziegenspech, 188
m which he confirmed Wolff s finding and 1 which he al e )
fo} mahing a demonstration madel of the termnal bxflclr?::gogmo? ?}llrc?lons
ltl}la::;lsc:)n‘:?:ulz‘:‘la n e l:iad 10 yeass previously produced an miu{gstr?lll
roner] ines ' and 1t 15 certamly strange that his work had b
Er:’xpfx:z apprec:fated by Preyer Zicgenspeck had confirmed \\'olf;1 gt o
series of gu iew
and ovine foetusegs meﬁep‘r%afﬁ::“ws and then 1n 2 smaller number of human

d at the sa
me time  that minor d,
riters have nat had access to a ¢o, s

necessany Py of th s thesis but the 1883 publication Enes

The present w
such detuls as are
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Wolff’s account, e g his 1des of the ongin of the
termunl branches of the inferior vent cava, had
probably to be modified n the hght of recent
embryological findings He referred to this at
greater length 1n 4 later publication (Ziegenspech,
1905), 1n which he gave detailed measurements
of various parts of the human foetal cardioyascular
system, 1nd 1n which he reproduced some very
convincing figures of the bifurcation

There 1s no need to summarize here all that
Ziegenspech wrote, for most of his published
work 1s reasonably accesstble  One must, how-
ever, attempt to explamn why, despite all his
efforts, the correct outlogh upon certain features
of the foetal cardiovascular system farled to become
generilly adopted  For ful, so fir 1s one can
mahe out, 1t did  Two factors in particular, one
mmagmes, may have been concerned The first
1s that there was no esperimental proof of the
correctness of the deductions made from studies
of the structure of the parts The second 1s that,
in 1905, he superimposed on his 1natomical
findings 1 new, and—one 1magtnes—unacceptable,
schema of the foetal circulation (fig 10) It was
a very anthmetical concept of the blood flow
the foetus and, in the present writers’ opion,

Fic 1o —From Ziegenspeck 1t Was mvalidated from the begning by the
(1905) fig o = The correct schema  complete omussion from consideration of certun,
of the foetal circulation according
fo the author  For detarls see the Ot unimportant, inflows Tor, with the inclusion
origmal paper of these, the arithmetic would have been 1t fault

Despite this, Ziegenspech’s general contribution

to the subject was a very substantral and timely one, and he deserves much
credit for 1t

And there one must bring to an end the third part of this historical survey
A complete account would have mncluded much more, for from halin’s ime
onwards there was a great increase of hnowledge about the embryology,
histology, comparative 1natomy, nd so forth of the constituent parts of the
foetal cardiovascular system  But much of this 1s well known to reders,
and some at least of the hterature will be referred to 1n later sections of this
book So the omisstons are less mmportant than they would hase been 1n
respect of the seventeenth and eighteenth centurtes, the literature of which
1s less generally hnown and less readily accessible

(n) THE PCRIOD OF LCN\PLRIMECNTAL RLSTARCH
This period was imtiated by Pohlman, who m 1907 reviewed the more
important theories of the blood flow through the foetal heart, and gave a
prelimnary report on his own experimental findings A longer account,
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together with 2 mare det:ulegl] h}l]stsncalﬂs;un pe\, a‘ppeartd m 1909, nd fifteen
- Iman published another ppe

\ec;r: }I\;:;esezg:\ldp:gc:mt (})’f Tus expenmental worh, he wrote as follows (1909,
g1-z) ¢ It became evident from the varying results obtamned throug!
obsenvation and gection of the dead fetus, that of any further work was to
be done on the course of the blood through the fetal heart, 1t must be under-
tahen 1 the hung ammal and with the placental awrculttion tntaer  The
fetal pig was chosen because of the accesstbiliry and abundance of matersal
and tﬁe several proposiions demanding an answer through the experimental
method were considered as follows

I Is the sentnicular capacsty an equal one in the feral heart ?
“ 11 Is the pressure excrted by each ventricle equal
11 What 15 the course of the blood entermg the htart through the ena

inferior
“1¢ What 1s the course of the blood entering the heart through the casa
supenior

Pohlman obtaned the foetuses by removing them, plus the contumng wtin,
from sows kidled m the abattowr  He noted that factuses e lne for mam
haucs after the death of the mother, whereas his experiments were usualh
concluded withm half an hour, and sometimes within 2 quarter of an hour,
of such death

To answer hus first question Pohlman occluded suddenh i mo fortuses,
ar the end of atrial systole, the ventncles and aortae  He then measured the
nl*ocmems of the ventricles and found that of the nght one equal to that of the
oft

To answer Iis second question he introduced equal sized capillany tubes
nto (hg o ventnicles of the foetus  He saw the blood mount evenly 1 the
™o tubes

To answer the third and fousth questions, he made intravenous mycetrons
of cn;n s;ar;h grnnu)’es suspended mn saline and thereafter carried out micro~
counts of the grapules m samples of blood taken simultancoush fr
nght and left ventricles o e
Hﬁ concluded as follows (1909, 98)  * The results from our cxpertments
i the Inng embrio lead to the following statement  that the ventrycular
capacity and pressure 15 an equal ane  that the foramen ovale does afford
communscation between the two aurcles, that the blood of the two caye
2:“‘1':5 m\ v.vhe nght zuncle  and thar mixed blood passes through the foramen
h:: : \e] agree, therefore with the theory of Galen Harvey and beline to
bae ;s‘t}a;b ished 1t thr?uxgh espermental evidence A few pages later he
frany :csmnote We trust that this article carries conviction with 1t and
o \he(’;:?aﬁe:tr \dﬁg;‘nmsfto rgnder the impossible theory of Sabatier
wit} hereafter be omutted The ar
caurse of the blood 1] A o indicate the
hrough the fetal heart may be replaced by the Statement—
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It scems almost unfair to criticize the man who first reahized that the foetal
circulatory problems must be solved by experimental methods, but one must
add to the objections that he himself rused (1909, 95) the facts (1) that the
uter1 he used had had no circulation for some time previous to the experiments,
and (2) that the operatnve mterference with the thorax and its contamed
viscera was constderable  In addition, one must point out that Galen had
no theory of the foctal erreulation, and that Harvey did not include 1n hs
account any stitement about the miung of the two caval strems within the
right atrium, with subsequent passage of part of the miture through the
foramen ovale 1nto the left atrium

In hus third paper, 1n 1924, Pohlman dealt with the comparative embrvology
of the foramen ovale, ductus arteriosus and ductus venosus, matters with
which one 1s not directly concerned in this section of the history

In 1928 Kellogg published the first of his two papers  He had made about
two hundred observations on pig foetuses, removed with the uter: as 1n
Pohlman’s expertments  Into the umbilical or esternal jugular veins of about
one hundred and twenty-five of the foetuses he had 1njected suspenstons of
corn-starch, or of Indian 1nk, in normal saline  Thereafter he had seen the
apices of both ventricles blanching, or blichening, simultaneously  * These
observations,” he satrd, “while not primanly of 1 quantitative value, con-
stitute definite evidence proving beyond a doubt that the two caval streams
do mungle m the nght atrium, whereupon both ventricles recene mied
arterio-venous blood”  To supplement the direct observations, he njected
corn-starch suspensions 1s Pohlman hid done, and thereafter made com
parative granule counts in blood samples from the ventricles He also made
ijections nto the umbihical vemns of five puppies delinered under ether
an1esthesia, with the maternal and foetal circulations continuing While the
results showed greater variation than those of the pig series, ** they neverthe-
less ~fford very important evidence m support of the Harvey-Pohlman theory,
since they are the first obtuned on animals m which both the maternal and
fetal sides of the phcen’tal crrculation were intact and other general conditions

roached normality ’

apfn his second p1pe)r (1930) Kellogg, criticizing the Sabatier hy pothests, s};ud
that “ two relatrvely slow moving blood streams were supposed to cross within
the nght atrium without miung”  He then noted that, whie Pohlm'\nls
work was the first done with Ining foctuses, *“1t his not met with muc&
acceptance  Perhaps this 1s due to the fact that the number of animnls u}scd
was small” His own more extended experiments, reported m xgzsri‘ hm

been followed by further ones, carrted out mainly upon foetal puppres ese
were delnvered one at a time by Caesarean sechion, 1nd respiration \n%lprc(;
vented by retention of the membrane surrounding the head and nech d foo

samples were tahen from both ventricles, from the umbxllcz;‘l \cm,hm a lr_:)[:n
the superior and nferior yente cavae of the foetus, and from the udcc b:
artery and vem of the mather Therenfter Liood gas anallss;g \]x]crc m;xme >y
Van Slyke’s micro-method, 'mcli {rom a iiugylsfté}\}tebgzsl\l; t(s)f ;h:gglgg) ¢ fo

at were liter inscric
gzr;g;?hcon’fl}:x:;grﬁ etr};, however, several criticisms that could have been mde
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er ones have since become possible as the tech-

?,t, tﬁ;‘;’,‘:&;lgfdel‘f r}osett‘;ﬁnsgtudles have been mmproved nd potential pifalls
no%ed Tt 15 doubtful if anyone would to das support, to any scrious :_\tcm;
Tellogg s contentions and there 15, therefore, no need to ‘:Pci“ o lC:sz
that have already proved effectne, or to add certain others that have nol )cd
appeared 1n print  helloge s real contnbutions were (1) that he mmau}:1
evpenments 1 which the faetus was delnered by Caesarean scction, the
foetal and maternal circulations were retained and foetal resprration w1s
prevented, and (2) that he reahized the possibthties of blood gas analysis 1> a
technique for the salution of eertain foetal problems

To Barcroft and his School at Cambridge 1s due the mam credit for the
improtements that followed both on the operatnne side and also on that of
blood gas analyses  One need nat speak at lungth about these, for the work
1 well known to readers and a full account 15, presumably, appeaning 1n Bar-
croft s new book on the physiology of the foetus  DBut the present writers
who have co operated with lom have been impressed with the precautions
that he takes to ensure that both mother and foetus are 1n the best possible
condstion, and also with his dictum that 1t 15 satisfactory 1if one secures a
single accurate determination of permanent value, from any particular foctus
They themsehes have, on more than one occasion attempted more, and
perhaps more can reasonably be expected with such a techmque as cine-
radiography, which imvolves less mterference through operatve procedures
and the ke  But they would like to pav their meed of tribute to Barcroft
for the outstanding contributions that he has made to foetal physiology, and
this 1s perhaps a fitung place 1n winch to do se

‘The best blood gas analsses, howeser, can gue only mditect imnformation
about the foetal airculation, and hence Barcroft and Barron 1n 1938, united
thewr expernence of the foetus 1o Barclay, Tranklin and Prichard s e\;’)enencc
of cineradiography, and the combmed Cambridge and Oxford tesm
determiming times of functional closure for the ductus arteriosus, obt :]n
as already stated the first direct records of the circulation 1 the xrsa;act f:cr:fls‘

There one may conclude this somew hat tncomplete, but perhaps adequatcl
indicative historical survey  As has been said, a fullely- F duatcly
trom Harvey s ume onwards p e

count of the advances
may be offered at a future date fi bl

w Annals of Sa th or Dubhcation

e app{arcdm[e e journal m which Part I of the longer sunvey has

FCo—3



PART TWO
CHAPTER II

The Actual Course of the Blood Flow, determmned by Means of
Cuneradiogiaply, in the Mature Foetal Lamb

Turs Chapter 15 concerned with one specil aspect of our reseirches on the
foetal circulation and cardiovascular system, namely, with the radiogriphic
studies which we have made (imtially 1n collaboration with Barcroft and
Barron and subsequently, on occasion, with Barcroft alone) to determine the
course of the blood flow 1 the mtact foetus, delivered near term by means
of Cacsarcan section A short account of our techniques has been included
1 order that readers may have some 1de1 of the conditions under which the
radiographic records were obtuned The techmiques i question were
evolved step by step s the needs of the research became apparent, and they
proved adequate for therr immediate purpose, on the other hand, 1t would
be idle to claim that, even 1 their Intest form, they have reached perfection
or ﬁmhtz

Our chief concern 1n the operative procedures wis to cause the mimmum
of interference with the natural conditions of the foetus, so that the radiographic
records obtained mught present a prcture of the circulation 1pproximating as
closely as possible to that which occurs in normal circumstances  Both opera-
twve and radiographic techniques were far from simple, and a team of ten or
twelve persons was required to co-operate, at times very rapidly and always
without a single mistahe, 1f the experiment was to be a success

(1) OPCRATIVE, PROCCDURLS

For the techmque of Caesrean section and certun procedures for dealing
with the foetus we arc indebted to Barcroft and Barron, whose experience 1n
these matters 1s unsurpassed, to their collaboration with us i the early
stages of our worh we owe much

Some days before the operation, the ewe was radiographed 1n order that the
number of foetuses might be known  On the day of operation, the wool was
clipped close to the shin over the abdomen and, if the naesthetic was to be
given 1ntravenously, over ane side of the nech  The anaesthetics used were
intravenous urethane, intradural borocaine, or subcutancous procune (syn,
novocune) for the ewe, and subcutaneous procamnc for the foetus Two
factors had to be considered 1n the admunistration of urethane and borocaine,
namely, the adequate anacsthesta of the ewe, and the minmnl depression of
the foctus

When anaesthesta had been produced, the shin over the ewe s 1bdomen was
incised 1n the mid-line betwcen the sternum and the mammary glands (udder),
and the cut was then carried to both sides close to the bases of these last  The

34
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between
subcutaneous 1 fems{qu;smg \h»: l};r;ezfopff;l;; ;r:c\ts‘:zr;i . e\:sdrlr‘;cdj(li'or e
Tigatures and after further sjects : y Teally. the abdomen
dutance on erther side of the man Iine of nciston Yy ) i
\eatute was pissed ready to close the
was incised ulor;]g the ]mdeaha‘f‘;:é nt't‘\(el :e}:\;é:ds were n?ade The uterus (or, 1f
upper part of the wound be { then delnered, and the he of the
there were tv o foctuses, one horn o 1t) was then , i
foetus ascertaned A small incision was made through the thin utenne wal
1n 1ts Jeast vascular part and nesr the head of the foctus, and 1 curtal\(tj\ gmoun‘tl
of amniotic fnd was collected and poured mto 3 condom that would be us]c
as 2 “nose-bag®  If there were to be intrasenaus wjections mnto a jugulr
vetn of the foetus the cannula was often inserted under local anaesthesia after
delnery of the neck, the head and the rest of the foetus remuming meanw hile
i utero When all the recording arrangements had been cheched, and the
ewe correctly positioned in respect of the recording appatus, the uterus wis
Incised farther, the foetus delnered and 1ts muzzle at once cosered w 1th the
filled nose bag to prevent respiration 1 the first injectton was to be a femoral
or mesenteric one the cannula was now inserted under local anaesthesa The
ewe was then rolled over on to 1ts Ieft stde and, with the umbilical cord properls
safeguarded and all undue tractton on the cotvledons avosded, the foctus was
placed 10 position (usually the left lateral one) for recording, the fore~ and
hind limbs were held 1n extension  Tinally, a synnge and pressure tubing !
contaimng contrast medium at body temperature were connected with the
cannula and recording was effected during the mjection of the medum It
the mjection was to be nto one of the umbilical vemns within the cord no
cannula was used the njection bemng made instead through a wide bore
needle  After the wyection the needle was withdrawn and the part covered
with gauze soshed 1n fresh mucilage of tragacanth  Prior to such umbihieal
mjections Barcroft commonly sprays formol saline over the part where the
neudle 15 to be inserted, but we found this procedure unnecessary and dis-
carded 1t To ensure success the needle had to be mnserted at the first attempt,
for the ven 15 very sensitve to mechanical stimulation and will contract down

if over simulated  The abote account of the procedu:
res makes so
long reading but 1n it o,

practice they were very rapidly carried out
has sometimes begu nds fromn o e Seeording

n m less than 30 seconds from delivery 1n ca
ses 1n
the venous cannula was mserted 1n utero Y which

Records obtained so soon after delie:
1y, with the filled nose bag prevents
re?pxmtory reflexes and with the placental circulation continuing anﬁ Sdcquate[ig
f}: ig(;‘a:l?ed \\er;: considered tof give a picture not essentnlly different fronbx
a € normal, intra uterine foetal cicculation  In ord
about the changes occurnng at and hy ocber fomormtion
soon after birth, ather d
made at intervals after the nose bay ; cord duuiey
g had been remosved and the cor
l!-)i‘e:e agun there was operatsve nterference with the normal procgdg:zldl:d
a r’c‘xs every probability that the experimental records so obtamed pro (lim
chb ure essentally sumilar to that which occurs under natural co gr(m y
ambs normally bleated soon after the nose-bag had been remoed :néut(;? s
* Bressure tubing was used not n h: . o
Tigh bur because such tubing ::nt:?n‘s‘;:(t?? gs::lh:ngrﬁ:scl;;: o

jection for that
ot does mot kaunke o ot unduly
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have on occasion msen to their feet and even walked about mn the tervals
between the records

After the cord had been duvided the ewe was killed with the ordinary humane
Liller of the abattoir  When the experiment was concluded the foetus was
hulled by an overdose of a general aniesthetc, and was usually fived 1n formol
saline 1n order that the anitomical findings might later be compared with the
radiographic records

(1) CONTRAST MEDIA

Tor the post mortem study of the foetal cardiovascular system, intravascular
mjections of sodwum rodide, dissolved 1n 1ts own weight of water, provide
excellent contrist  On the other hand, such a solution 1s toxic to the hving
amimal,, hence, for our studies of the circulation 1n the mtact foetus other
ridio-opaque media were employed  These were of two general types

(@) Substinces freely miscible with the blood, e g thorotrast, uroselectan B,
perabrodil, and

(b) Ouly substances that are not muscible with the blood, eg liptodol

Zlorotrast 1s a proprictary collordal preparation contaning 25 per cent
thorsum dioxide 1 associition with a carbohydrate It mixes well with the
blood, gives very good contrast and, even m high concentration (up to 10 cc
per hg body weight), appears to be fully tolerated In certun ammals, eg
the cat and the dog, 1t 1s removed from the blood furly rapidly and concentrated
in the Iiver and splecen  In the foetal lamb 1t 15 not so removed but remains
in circultion (Barclay, Irankhin, and Prichard, 1942, c), thus hampenng the
observation of subscquent injections  So far, therefore, as this animal was
concerned, 1t was found necessary to himit the use of thorotrast to experiments
m which only 1 single injection was required

Uroselectan B 1s a proprietary preparition of 1odoxyl which gives good
contrist and s rapidly eliminated from the blood stream via the kidneys
(Weatherall, 1942) Unfortunately 1t appeared to be toxic to foetal lambs mn
the dosage required for our studies and 1ts use was abandoned in favour of
that of perabrodil

Perabrodil 1s a proprietary preparation of diodone, diodrast, pyelosil, ind
pylumbrin are similar ones (Weatherall, 1942) ~ Like uroselectan B perabrodif
gives good contrast and 1s rapidly elimmated vi1 the hidneys It was well
tolerated by the foetal lamb, and 1n the 35 per cent solution 1t was the medum
of choice for nearly all our more recent studies On 1ccount of its rpid
clearance 1t 1s particularly useful 1n experiments designed to determunc the
time of functional closure of the ductus arteriosus and other foetal channels,

for a series of mjections can be made, at mtervals of s Iittle 1s five minutes,
to provide mfm;_matlo({l lns to the state of the channel m question 1t various
rom delner
m}ﬁgﬁ,ﬁfz 13310 be mjected 1)mch'mged, but emulstfication with normal ‘siahne
{one part of saline to three or four of hipiodol) facilitates the injection, reduces
the size of the droplets and thus 1llows them to curculate more freely lIz 150
excellent substance from the radiographic pomnt of view, for each d?’)lp et ;l;n es
a conspicuous shadow as 1t 15 carried along 1n the blood stream hysiologi-
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cally, however, hprodol has defintte dements for the globules e or{c?l!:tjst}}:cc‘\i
out of the axa) stream o the slower pertpheral one v 1th the result th ey
do not show the true mate of bleod flow and apperr to adherc to the ;\a s 0
the vessels  More important sull, of they are of radiographically usel ul size,
they cannot pass through the captilanes and hence they producc progressive
stasts 1n the parts to + luch they are distributed  In consequence, 1t 1s onls
during the first few seconds 1fter injection that they give a picture of the blood
flow that approximates to the normal In our espeaiments the use of hprodol
has been confined to mgectons recorded by wndurect cmeradiography  The
Fims thus obtaned have been of value chiefly 1n confirnung cvidence afforded
by other techmques which are less open to faflacy, but they have also Erondcd
ysefu] supplementany matenal for a detaled study of the course of the blood
flow for by & frame by frame anahysis 1t 15 possible to plot the mosement of
mdrdual dreplets  In addition, these films are of value for demonstration
purposes for on projection the stream of moving droplets presents a more
spectacular appearance than that prosided by the less sharplhy defined, con-
untous stream of one of the muscible contrast meda

All contrast media, syrnges, and rubber and metal connections, were hept
at body temperature until the mngections were made  The total amount of
medium 1njected 1nto a vessel was vaned according to the requirements of
the particular expenment, but the amount to be njected per second was
planned to correspond with the estinated normal blood flow per second
through that vessel so as to obviate any undue nse of venous pressure  The
veins into which myections s ere made were the jugular, femmoral and mesenterse
sems and one or other of the umbilical vems withm the cord

{m) RADIOGRAPHIC TECH\IQULS

In our studies of the foetal crrculation we have used both the d

rect and th
wndirect methods of cmeradiograply A detarled description of t;u a pnmtu:
employed 15 beyond the scope of this book and has been published elscw here

(Barclay Franklin and Prichard 1g940) b
able the better to evaluate the rad?c;w) e e ot the reader may bo

raphic records reproduced lat H
Chapter a bnef account 1s gnen of hg p methods by
“h'i‘c}? tgese ef account (gkl)t::rll :dt e main principles of the two methods by
e direct and mdirect methods differ fundamentall
n
Z:%t}:}el; . Z‘In the dzfreclm mlet}ll?d the 1mage 15 recorded "dllrecg]r;n;xnp]‘(i.-le'—a(x))nq ﬁ?:r‘lc
sertes of actual, hfe size radiographs 1s tak
g;e sndurect method a fluorescent screen t%kel; t;lesplaac?oz;tt;er :{)ilriagpfgled 13
gl‘l}:mgf on this screen 1s photographed with 2 cinema came}a d
o ':dlf:;:) I:g‘;};;rgsmtso:;slga edf n obtamng records by both the drect znd
meOIf direc of a twin valve set and 1 10 bW non shoch-
e direct method ~The dwrect >
h camera ’! consists
with an alumnium window (, mches by 51nches) in the ug;:r liejz:cfl'lllente}?rﬁ?g\ﬂ

¥ the Cambrdge Instrums

*"This apparatus was constructed b
£ met by a grant from the Medical Re earch Caunc:l

th
+This 1o nt Co Lad the greater part of
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fig 11) The subject 1s placed direc

this window = The camera 1s lo(qded \x?th a spool 6If Stmdlz)lrd double-tt:lo);t(e)g
X-ray film 5 inches wide, 1nd when 1t 1s set 1n motton the film 15 drawn through
the apparatus 5 inches at 1 tune, held stationary for the period of exposure,
and moved on agam  During the stationary period the film 1s held at rest by
two punches which perforate 1t on either margin, the exposure area beneath
the aluminium window 1s compressed between intensifymg screens, and an
electrical contact, which indirectly operates the X-ray tube, 1s closed

which the exposures 1re made

E posure area
with al minjum
2 ching G Ide

P
mechanism  roller

Gulde
Toller Intensifying screens

Spoot for take up
{— ofe pored fim

—
<=

~

Spool of
o exposed fim

_ Q‘"""""“'"

Ori ing
coller

F1e 11 —Digram of the direct cineradiographic  camera  showing how the \ ray film passes through

the apparatus.

The camera speed 1s muted by two factors, 1 mechanical and an clectrical
one  To obtun 1 film which cin be projected at normal speed, exposures
must be made at the rate of 16 frames per second, 1nd the mechanical difficulty
of moving and bringing to rest a large film, and releasing and compressing the
mtensifying screens, at 1 rate which allows of these exposures 1s obvious  The
electrical problem lies 1n the difficulty of interrupting the current at such short
intervals, 1s the usual forms of contactor are necessarily built to carry heny
currents ind are consequently too cumbrous for rapid operatton The
apparatus used at the Nuffield Institute w1s designed to operate at 1 m1umum
rate of 8 frimes per second, but owing to the weight of the moving parts and
the consequent vibration this lugh speed 1s not advisable for routine use, and
the mrxumum recording rate employed 1s yet has been 3 to 4 frames per
second, this has, however, proved adequate for the object of our immediate

studies

While the films recorded by this method at 1 rate of 3 to 4 frimes per second
cannot be considered s cinematographic films 1n the generally accepted sense
of the term, and are primanly intended for direct viewng, they cin be trans-
ferred to 16 mm film and projected 1n this form  Ior thts purpos, to repro-
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t film, when recorded
nt, each frame of the diree v orded
e the;ct;mslax;nt; (i"lf-al;nn(;‘sc;;:: second, must be re\pfoi‘(];ff—:l’:ni ?(:mllgsfnmcs
6 im, the ducing a rate appronimately L frames
SO ol 5 1 speed 1n projection ~ Films produ
e oD light jerhiness, but they are
B e deprct all movements with a shght | it they are
}s):x{iff;tl;:}il“fﬁ deﬁmnsxmtmn purptosenss, ;L;,l :::lcc‘a ngx(\) 'ch:z r‘\ ‘1?:: blc gcdumd
031t10!
Oflthi ahceor::gaf?s%soafnsmcc}:flzgut‘rige from indimidual frames of the direct
only by
film

xn,nk—sL_

Fic 12 —Diagram to Mlustrate the principles of the indirect
eineradiographic spparacus

The sndirect method —The Nuffield Institute was ongnally equipped with
the apparatus for indirect Cineradiography designed by Dr Russel] Reynolds
(Resvnolds 1936) 1S apparatus with g vertical Ruorescent screen, was
Impractical for our st

udies of the cireulay, larly for our foeta]
work, 1n which, for operatn e Teasons, a

Teen was required
Attempts 10 ad::rt the £sting apparatus 10 meet our special needs vwere
unsuccessful, an accardingly 3 ser UPp Was assembled for recording subjects
m the necessary honizonta] position 1S apparatus did pot mclude’ the
elaborate synchronizing mechanism of the Russell Reynolds set, but never-
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theless the films obtamned proved to be adequate for our research purposes !

Fig 12 1illustrates the principles of this apparatus 1n diagrammatic form
The X-ray tube 15 directed vertically downwards over a table, which 1s secured
to a fixed position on the floor  On the under surface of the table 1s fixed a
fluorescent screen  Directly below the screen a pit 1n the floor, 3 feet n depth,
houses a cradle which supportsa 16 mm cmnema camera facing vertrcally
upwards  The cradle 1s fitted with four positions for the camera, at vartous
levels (1e distances from the fluorescent screen), according to the size of the
field to be photogriphed ~ The camera, which has an f/o §5 lens, 1s operated
by a chain drive, transmutted from a separate umt which stands on the floor
besidethe pit This umt also carries a mirror for viewing the fluorescent screen

The camera speed normally employed 1n our circulation studies 1s 25 frames
per second,? and the films thus obtained, when projected at 1 rate of 16 frames
per second, give a slow motion effect of about 35 per cent

The above account has been confined to a bare outline of the radiographic
techmques employed, and grves little 1dea of the complexities of the two sets
of apparatus or of the practical difficulties nvolved 1 their use n research
Both the direct and the indirect methods have their special mdications, for
each method has 1ts own merits and imitations  The direct method has the
outstanding advantage that 1t provides the sharply defined, hfe-size pictures
for direct viewing that are essential for accurate investigation and analysis
On the other hand, for technical reasons 1t 1s as yet impracticable for films
to be recorded by this method at the rapid speed that can be used as routine
with the indirect method ~ Since only low X-ray factors are required for the
pertodic exposure of each frame, the load on the X-ray tube 1s comparatn ely
shight and thus, for practical purposes, no Iimit has to be set on this account
to the length of a given record  The high cost of the large film, however,
constitutes a disadvantage of this method, although this has proved less than
was anticipated, for experience has shown that by careful arrangement and
uming the required record can generally be obtamed on a comparatnvely short
length of film

The great value of the indirect method lies 1n the fact that movements can
be recorded and projected at their actual speed or even n slow motion ~ Agamnst
this, however, has to be set the relatively poor quality of the picture obtamed,
which cannot be compared 1n the matter of definition and detail with that of
the direct film  Moreover, notwithstanding the great increase in the sensitrvity
of photographic films 1n recent years, high X-r1y factors are still required to
provide sufficient illumination of the fluorescent screen, and conse'quently exch
record must be strictly hmited to a period of only a few seconds’ duration in
order to avord undue load on the X-ray tube

on has certain mherent
v of ex and the
t sertously interforng with their
To surmount this difficulty the

17The design of this apparatus which 1s of simple home made constructs
1

faults which make 1t ble to obtain absolute an:
consequent slight fluctuation in the density of the films while no
research value admuttedly detracts from therr techmical quality

t n process of reconstruction
apzp'a‘x:;euz;rsn;m;;peed 1s determuned by the frequency of the clcc‘mcnl Eupply (s0 cycles) to which
1t must bear an exact relation 1f unif y of exp 1s to be
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\penment 1s deter-
It will thus be seen that the method used f:l;r an)l E.-‘:i en ;;n[:’ e ice of the
mined 1 ea‘ch caseby e nat\:r:loér\‘!:‘:a:lelc\o:u :&l::m films that could be sub-
foetal circulation 1t was essenty; Aat 2
he direct method, when operates
jected to detaled analyss, and since ft direct e fosently raptd to demon-
Tate of 3 to 4 frames per second was found to : N o were
fie mam features of the blood flow, the majority of our
t::é: :mh the use of this technique To supplement these records, ho‘l\f\ m;l
the tadirec. method was used to mahe films which could be pmflicfltcb a‘r}]1
viewed as a genuine motion picture  In addiuon the films rccgr i‘? ) h e
sndirect method, when used n conjunction wath hipiodol, permitted 1 frame-by -
frame analyvsis of the path of ndividual globules that was sufficrently detaled
for the construction of diagrams of the course of the blood flow, such as those
reproduced 1n figs 19 and 32
anne n’can!m;g ap)?amlm3 —In our foetal osculation expenments it was
essential to hav€ accurate records of the time relations of sarous procedures
For tos purpose zn apparates was devised for registenng all the necessary
informatton on a hymograph tracing  Srx writing levers (made 1n the Institute
at tnfling cost) are available  The first of these, connected to a time marher,
records time intersals and the second which 1s connected to 1 contact on the
camera dmve of whichever apparatus 1s 1n operation automatically registers
the exposures  'The remaining four levers are connected to switches on a con
trol panel which are operated by hand for recording mnjections, the division of
the umbilical cord the removal of the nose bag etc  In our somewhat com-
plicated experiments this simple but effectne apparatus has automaucally

umed the aineradiographic records and has made 1t posstble to correlate them
aceurately with other procedures

(v} DEMONSTRATION AND DESCRIPTION OF FINDINGS

For some years past the vessels of the penpheral cardiovascular system have
been rendered opaque 10 \-rays n the lning subject by the use of contrast
meda eirculating 1n the blood, but the apphication of this technique to demon-
strate the course of the blood stream through the heart 1s of very recent ongin
The technique has been rendered practicable only by the development of non-
tovic radio opaque meda and by the introduction of aineradiography, and, so
for as we are anare 1t has never bef Y y

ore been applied, or at |
applied to a study of the foetal arculation ppiiecs cast suceessfull

ur sadiographic records of the foetal bivod flow belon,
g to tw0 main groups
(1) those demonstrating the airculation through the heart and grcntg\ cssg]s
an% (2) those demonstrating the crrculation through the liver '
\ he nterpretation of the shadows recorded 15 oot 2 simple matter  An
> ;:Sagé?\txﬁ:txsc;mt a pglOt(})]gl:ph L It gn ci no hmt of the depth at which the
uses the shadow lies ~Substances lying at
the path of the rays cause shadows oo and the daerbihs in
that are supenimposed, and the d,

isent; -

E‘K;Ed?;a %12?{%251{5 sh:;giow nto 1ts various compone;:t parts may p;:re‘gelf\t
afficulyy Or instance, 1n the case of the h

oo dif s e heart and the vessels
Sonnected with 1t even the lateral radiograph which we have found to be the

¥ prajection, p a number of complex shadows of super-
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imposed structures  In order to help the reader to a better understanding of
the radiographs reproduced n thss chapter, sume simple diagrams are given
These diagrams, which have been constructed from tracings of actual radio-
graphs, do not pretend to accuracy 1 detail, but illustrate the general course
of the blood flow, as demonstrated 1n our various records, and show 1n particular
the relations i this projection of the right and left sides of the heart and of the
respective vessels by which they recerve and discharge the blood It will be
noted that no distinction 1s made between atrium and ventricle , n the radio
graphic records the line of demarcation between these two chambers 1s fre-
quently indiscernsble, particularly on the left side, and 1n any case its position
changes with pulsation, although the general contour of the heart alters hittle
(see Chapter IV)

In the following account an attempt 1s made to present the broad outhine of
our records i the simplest form we can attan, 1€ by the tllustration and
description of typical results, arranged m the order which experience has
shown that they are most easily appreciated The course of the blood flow
through the heart 1s more complex i the foetus than 1t 1s 1n the adult, and for
this reason the adult circulation 1s briefly demonstrated first, so that the reader
may pass more readily to the study of the foetal circulation, with which he 1s
probably less well acquainted It 1s hoped that by this arrangement the reader
who 1s unfamiliar with the mnterpretatton of radiographs or with the details of
the foetal circulation will be able to obtamn an sight nto the groundwork that
underlies the subsequent Chapters, in which (contrary to the order adopted
n this section) the material 1s arranged to follow the logical sequence of the
course of the blood flow

THE CIRCULATION THROUGH THE HEART AND GREAT VESSELS
The circulation through the heart 1s demonstrated 1n 1ts two main aspects
(1) the course of flow of the blood entering the heart from the supersor fanterior
vena cava,! as shown by contrast medium 1njected into the external jugular vein
(anterior caval myection), and (2) the course of flow of the blood entermg the
heart from the ferior/posterior vena cava}t as shown by contrast med\un;
mjected erther 1nto the umbilical vein or into the femoral vein (postertor cava
1njection)
ADULT ? CIRCULATION
(Figs 13a and 13b) In the adult, venous blood entering the heart, both
from the anterior vena cava (1a) and from the posterior ven1 cava (1), ﬂo‘}\ls
through the night side of the heart (2) After passing through the rigl 5
atrium and right ventricle 1t leaves the heart by the pulmonary valve 2n
pulmonary trunk (3), and flows along the pulmonary arteries (4) to the fungs
rade anymals the terms  antenior and  posterior  are commonly used
mn ‘3;1:1}2‘;:73;6‘?:';}? rta}‘:eo gmo venae cavae being more appropriaté than the corresponding terms
supetior and inferior apphed to these vessels in the human subject .
2 1}; he radiographic records are concerned with the circulatory apparatus alane the meantng o
he t - adult (so far as the flow through the heart 1s concerned) has been extended to connote
:m; :r:rx:a:\l m which the ductus artertosus and the foramen ovale  have ceased to function as
blood channels
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Fic 13

(Fig 13¢) After bemg re ovvgenated 1 ats passage through the lung
capillanies the blood returns along the pulmonary veins (5) to the left side of
the heart (6) passing through the left atrrum, the left vemncle and zortic
ahve to enter the ascending sorta (7)  Some of the blood 1s now distributed
to the heart muscle stself v1a the coronary artenies (8), and to the antertor
part of the body via the brachiwcephalic artery ! (9) while the remmnder
passes round the aottic arch (10) to the descending zorta (1) ta be dwstnbuted
1o the rest of the body

! In the sheep (from whach the diagrams are canstructed) 3s in many other loner mammals only
one trunk the brachiocephalic artery anses frem the arch of the sorta  This wingle trunk corses
ponds to the mnomnate Jeft common carotid and left subclavian artemes of Man  In the cat
{Plate ¥ and figs 13 and 15) two trunks anise from the aortic arch namely the innomenate and the
1efe subclavian arteries



of a jugular
See hg 14

f the anterior casal flow through the heart and great yessels

Part of a direct cineradiographic record (irade at the rate of 3 frames per second)
he course of

n injection demonstrating t

PLATE ] —Cat adult

44
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@) (L)
Fic 14—Cat adult Frames 6 and 23 of record figured 1n Plate T
Contrast medium passing (@) from the anterior vena cava through the right heart pulmonai

oulimonary arteres 1o the lungs and (5) returning from the lungs by the pulmonary Vens to the left heart
2nd passing to the aorta and 1ts branches

Ty trunk and

Plate I, m which are reproduced 20 consecutnve frames of a direct ceradio-
graphic record made of an myection of contrast medium nto the jugular ven
of 1 cat, demonstrates the course of the anteror caval flow through the heart
and great vessels i the adult The passage of the contrast medm first
through the night heart and pulmonary artenes to the lungs and later, 1ts
return from the lungs along the pulmonary vems to the left heart and the
arterial vessels supplied therefrom may be more clearly seen 1n fig 14, 1n
which frames 6 and 23 of this record are reproduced on a larger scale  (In
Plate I 1t will be noted that at one stage of the 1njectron the contrast medium
momentanly passes out of the nght atum down nte the postenior vena cava,
and even enters some of the hepatic veins  This was probably due m part
to a too rapid mjectrion and 1n part to the fact that the contrast medium used
10 this case was sodium sodide which has a tovic effect on the heart On
the other hand retrograde mosements of blood in the thoracic postertor
‘2ce;1m cava of the adult are not necessanly abnormal—see Franklin, 1937

Fig 15 frames taken from a simular record of
an mjection of contrast medium
1nto the femoral vemn of a cat shows two stages
mt
into the & g he course of the postersor

FOETAL CIRCULATION
Beaning 1n mund the course of the

crculation through the hy f thi
and 1ts radtographic d 7 eart of the adult
the foet sraphic demonstration, we turn now to the foetal crrculation

us the blood 15 re oxigenated not 1n the lungs but 1n the placenta, arIlti1
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ty

(a} )
Fic 15 —Cat adult Frames from a record of a posterior caval myection

Contrast medium passin
2 (a) from the posterior vena cava through the night heart pulmonary trunk and
pulmonary arteries to the lungs and (5) retarmng n Teins to the lef
rom the lungs b the
and passing to the zorta and 1t branches 5 5 by the pulmonary Sems to che left hear

two by-passes are provided which short-circutt the pulmonary system  the
ductus artersosus, ind the so-called * forimen ovale "+ As will be seen below,
the ductus arteriosus enibles much of the venous blood entering the heart
from the antcrior vena cava to pass directly to the descending aorta (and thence
to the placenta) without traversing the lungs, while the * foramen ovile”
allows the greater part of the blood from the posterior vena cava (including the
re-oxygenated blood from the placentq) to pass immediately to the left side
of the heart and thus directly to the ascending aorta and the vessels which it
supplies

As has already been mdicated, 1n order to obtamn a reliable picture of the
strictly foetal circulation, the first records of nearly all the experiments were
made ‘under conditions approximating as nearly as possible to those of the
ntra-uterine existence of the foetus, 1¢ with the placental circulation con
tinuing through the umbilical cord, and with respiration prevented by means
of 1 rubber nose-bag, filled with ammiotic flmd, covering the muzzle of the
foetus Later n ench experiment, or occasionally from the beginning, the
nose-bag was removed to allow resprratton to begin and the umbilical cord
was divided between higatures, so that records could be obtained of the changes
1n the circulation that take place at or shortly after birth

1 Lest the reader should be confused by the introduction at this stage of unfamtliar termunolory
the term  foramen ovale 1s adhered to throughout this Chapter To the use of this term
however there are certain objections (see page 86) and the authors revised nomenclature for
this and various other structures concerned mn the foetal circulation 1s adopted n subsequent

Chapters
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() (b}

S

()

Fic 16
A

Antertor Caval Floe

(Fig ¥6a) The blood entenng the heart from the anterior vena caa (1)
{senous blood) passes 1 1ts entirety through the nisht side of the heart (2) and
through the pulmonars vahe to the pulmonary trunh (3} Thus far the anterior
caval bload of the foetus follows the <ame course as that of the adult but
beyond thus pont a difference 15 at once apparent  While some of the blood
passes along the pulmonary artenies (6) to be distributed to the lungs as in the
adult, a large quantity 15 also carmed via the ductus artenosus (4) direcths into
the descending aorta (5), and thence by the aorta’s two large termunal branches,
the umbihcal artenes to the placenta

Fre 16b) In the foetus the lungs are not concerned with respiration, wnd
the blood which traverses the lung capillanes does not become re ovygenated
as 1n the adult  The course howerer, tahen by the bload returning from the
lungs 15 the same as that m the adult, namely, 1t passes along the pulmonary
veins (7) to the left side of the heart (8) and thence through the aortic valve to
the ascending aoria (9)  From here some 15 distnbuted to the coron:
and brachtocephalic (11) artertes,

while the remaind ses d ars (1)
e Ahel
arch (12) to the descending aorta (5) er passes round the aortic

Fig 16¢ obtained by supenimpositton of figs 16e and 166 sh

t!
essels leasing the nght and left sides of the hgmn respectvely, ag‘g sthle‘: aﬂreor:?}
mate relation of the ductus arteriosus to these vessels ’Iy‘he exact sgtg. and
radiographic appearance of the ductus are discussed below
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(a) &)
Fro 15—Cat adult Frames from a record of a posterior caval ijection

Contrast medium passin
2 (a) from the posterior vena cava through the right
ght heart pulmonary trunk and
pulmonary artertes to the lungs and (5) returming fi
gz from the lungs by th
and passing to the zorta and its branches i ¢ pulmonan veins o the left hear

two by-passes are provided which short-circwit the pulmonary system  the
ductus arteriosus, 1nd the so-cnlled  forimen ovale ” ¢ As will be 'seen below,
the ductus arteriosus enables much of the venous blood entering the heart
from the anterior vena cava to pass directly to the descending aort (and thence
to the placent1) without traversing the Tungs, while the ‘forimen ovale”
allows the greater part of the blood from the posterior vena cava (including the
re-oxygenated blood from the placenta) to piss immediately to the left side
of the heart and thus directly to the ascending norta and the vessels which 1t
supplies

As has already been indicated, 1n order to obtamn a rehable picture of the
strictly foetal circulation, the first records of nearly all the expertments were
made under conditions approumating as nearly 1s possible to those of the
intra-uterine existence of the foetus, 1e with the placental circulation con-
tinuing through the umbihical cord, and with respiration prevented by means
of a rubber nose-bag, filled with amniotic flmd, covering the muzzle of the
foetus Later i each evperiment, or occasionally from the beginning, the
nose-bag was removed to allow respiration to begin and the umbilical cord
was drvided between hgatures, so that records could be obtamned of the changes
1n the circulation that take place at or shortly after birth

1 Lest the reader should be confused by the introductton at this stage of unfamiliar termmnology
the term foramen ovale 1s adhered to throughout this Chapter 'To the use of this term

however there are certain objections (see page 86) and the authors rewssed nomenclature for
this and various other structures concerned 1n the foetal circulation 1s adopted i subsequent

Chapters
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(et} M (b)
3
5 J: o
(¢} 2 N T 16
Anterior Cacal Flot
(Fig 16a)

The blood entering the heart from the antenor Yena eava (1

{venous blood) passes 1n 1ts entirety through the nght side of the heart (2) nnz
through the pulmonary vals¢ to the pulmonary trunk (3} Thus far the antenor
enval blood of the foetus follons the same course as that of the adult, but
beyond thus pownt 3 cifference 1s at once apparent  While some af the bload
passes dlong the pulmonary arteries (6) to be distributed to the lungs, as i the
adult o large quantity 1s also carred via the ductus artertosus (4) directly into

the descending sorta (5}, and thence by the aorta s two large termmal branches,
the umbilical arteries to the placenta

(d

(F1z 160) In the foctus the lungs are not concerned with respiration, and
the blood which traverses the lung capsitanes does not become re oxygenated
asin the adult  The course, however, talen by the blood returming from the
Yungs 15 the same as that m the adult namely, 1t passes along the pulmonary
vens (7) 1o the left side of the heart (8), and thence through the tortic \alve to
the ascending aorta (9)  From hete some 15 distributed to the coranary (10)
and brachtocephalic (11) arterzes while the remainder passes round the 1attic
arch (12) to the descending aorta ()

Frg 16c obtaned by superimposition of figs 162 and 16b, shows the arterral
vessels leaving the night and feft sides of the heart respectively and the approxi-
mate relation of the ductus arteriosus to these vessels

The exact site
tadtographuc appearance of the ductus are drscussed below e and



Prate II —Sheep foetus (118/147 days) Nose bag on  cord undiided  Part of a direct cincradtographic record
(made at the rate of 3 frames per sccond) of a jugular ven snjection demonstrating the coursc of the anterior casal
flow through the heart and great vessels ~ Sec fig 17

48



(a) )

Fic 17 —Sheep foetus (118 147 days) “ose bog on  Cord undiided  Frames 6 and 16 of secord
figured 1n Plate 1T

{a) Contrast medium passing from the anteror +ena cava through the nght heart to the pulmonary trunk
and thenge both via th tothed d ngaortz andalongth arteries tothe )

{8) The rivht heart 1s now empty and that portion of the contrast medium which carlier passed along the
pulmonary arteries to the lungs 1s returming from the lungs by the pulmonary veins to the left heart and
kg the sscendang 201t brachioeephahic artery zortic arch and descending aona

(a
Fic 18-—5h ep foetus (100 147 days)

Frames from a r cord of
puim nary trunk and g
€1 €5 10 the lungs (8} the retu
PSS hen'& 10 th mcend g e s e ® 0 PUImonary v Ty the'
FC—y

an anterior ca 1l myection shax o (o) 11
2
D¢ both » 2 the ductus arceriosus 01he descn C poURh the Rt heart to the
¢ pulmona
eft heart snd 13
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Typical records demonstrating the course
of the foetal anterior caval flow are repro-
duced i Phte II, and i figs 17, 18
and 19 r
\ The fact that the whole of the antertor

N, caval flow passes through the right heart 15
' ) mdzcated partly by the location of the shadow
of the opacified blood within the rea of the
heart 1tself, but still more conclusively by
the absence of any shadow m the arterial
vessels which are supplied from the left side
of the heart In this respect the brachio-
cephalic artery forms 2 useful criterion, for

Fic 19 —Diagram constructed from o WHEN this vessel receives opacified blood 1ts
frame by frame ‘analysis of an_indurect shadow can be clearly distingmshed from
Thicugh the haare and momt Sene “ourse  that of other structures  If any part of n
by globules of Dipiedol injected mnto the 1njection of contrast medium entering the
Juguler vein of a sheep foctus It will be - heart by the anterior vena cava were to

course 1s similar to that taken pass

by the muscible contrast media 1 figs through the left side of the heart, 1 shadow

17a and 18a would tmmeditely be seen in the brachio-

cephalic artery In our records of such

mjections, however, no shadow 1s ever seen 1n this vessel until nfter the opaque

blood has returned to the left heart by the pulmonary vemns (1fter making the
pulmonary circuit) or from elsewhere

The ductus arteriosus —In our first seson’s work (Barclay, Barcroft, Barron,
and Franklin, 1938, c) we 1dentified the ductus artertosus 1 our radiographic
records as a vessel of fine calibre, the shadow of which apparently formed 1
junction between that of the pulmonary artenal system and that of the ort
Further expertence m interpretation of the records and improvements 1n
experimental techmques soon showed the fallacy of our mnitial observations
and made 1t clear that the shadow which we had onigmally described s that of
the ductus arteriosus 1n fact depscted a branch of one of the pulmonary arterics
In view of the difficulties which we ourselves experienced 1n our early work,
1t seems worth while to discuss 1n some detul the site and radiographic appear-
ance of the ductus arteriosus, which, as will be seen 1n fig 20, 1s a vessel of
considerable size, approximating to that of the aorta itself

Our nttial mistake was due for the most part, it must be frankly admutted,
to an improper approich to the nvestigation  We were attempting to solse 1
question of specific detail without first arrving at a full understanding of the
whole picture  On the other hand, certain mustahes or deficiencies tn our
experimental techniques made the radiographs of what was at that tme
wholly unfamilir subject sull more difficult to interpret  In the first place, we

1 Jt occasionally happens that a too rapid injection momentanly forces some of the contrast medium

to pass out of the night atrium bach into the posterior vena cava against the normal flow of blood
1n that vessel (instances of this may be seen in certan frames of Plate Landnfigs 63 64) Onreturn
o and through the left side (see

ing again to the heart much of this backflow  passes darectly int
course of foetal postertor caval flow, pp §7-61) and a shadow then quickly appears 1n the brachio

cephalic artery

X~

e mmem -

.
-
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had been wung thorotrast as the
contrast medwum and this sub-
stance, as has alrendy been stated,
15 not ehmnated from the arcu-
lotion m the sheep foetus . the
same way as 313510 the adult dog ot
cat  Secondly we had injected a
considerable quantity (20 cc or
mote) at a ime ntroducng it faely
slowly Thirdly, m order to obtain
contmuous records over s long a
perod as_possible with the hmited
lengths of film available, the speed
of recording did not exceed one
trame per second and was often
slower than this  The combined
effect of thesethree factors was that
with the possible chance exception
of a single smutial frame or so the
radiographic  records showed the
whole of the cardiovascular system
filled with contrast medwm 1
greater or less degree  Even a repeat
mjection could seldom be cleardy
distingwished from the persisung
shadow of the previous one

Fi1c 20 —TPhotograph of the exposed heart and preat
vessels of 2 heep foetus showing the velations of the
ductus srteniosus {here parth contracted down)  The
Ieft ude of the chest partof the left lung and part of
the pencardim ha e been remaved  (Fhotograph
taken from the Iefts Je and resersed here to correspond
with the ndiographic proj cion  of fie 66) R
ughtventncle L1 leftrventnde PT pulmonan
trunk  PA lft pulmomary sttey D ducrus
srienosus descening aorta "4 anmie arch
BCA brachocephalic artery  Scale sn em

When the chambers of the heart and the vessels connected with 1t are all

filled with contrast medium, the ductus arteriosus 1s almost e
i a complex shadow denved from the following structures

ntirely merged
anterior vena

cava right attum  pulmonary trunk, descendmg aorta aortic arch, root of

brachiocephalic artery and possibly some pulmonary arterial essels
n a stage where the contrast medium 15 still confin

vessels connected with 1,

Even
ed to the nght heart and the

1t 15 often difficult to distinguish the ductus as an
mdividual vessel, for the

shadow may extend with 1ts contou
unbroken from the pulmonary trunk to

Two types of experiment suggested ¢
radiographic records the exact site of 1]

r apparently
eg, Xg 214}
ocating on the

the descending aorta (see
hemselves as a means of )
he ductus

In the first,
an dentifying mark to the actual vessel before mak e vpuld affix

mediim  In the second we

ar both types of expenimen
a short pertod of time the
per second

An expertment of the first
injection had been recorded in gts
vena eava {fig 214), the th

t, the records of which were required
1o cover onl
speed of recording would be » . !

orax of the foetus was quickly op

typessllustrated 1n fig 21 Afe
passage through the hea o e amary

rt from the antenor
ened on the left side
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16 21 —Sheep foetus (118 147 days) Nose bag on  Cord undnuided

{a) Preliminary anteniar caval mjection

{(b) The thorax has becen opened and a piece of wire sewn on to the ductus attenosus  The contrast
medium tnjected proviously stit faintly outhines the vessels

(6) A second anterior caral mjection shows the relation of the wire on the ductus to the anterior vena cava
the pulmonarny trunk the pulmonary artertes and the descending sorta

{d) Four seconds later the imjection shown 1n {c} 1s seent ta have passed on fram the right heart and to be
returning from the lungs alang the pulmonary veins to the left heart passing thence through the nortie valse
to the ascending aorta and the vessels supplied therefrom  Note the relation of the wire on the duttus to
the aortic arch and compare the sharp bend of this arch with the much more gradual curve formed by the
pulmonary trunk ductus arteriosus and descending aorta 1n (a) and (¢)

and a piece of wire of approuimately the same length as the ductus was sewn
on to this vessel The thorax was then closed, and fig 215 shows the wire
in posiion It will be noted that the contrist medium previously yected
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has not vet been entirely ehmin-
ated and still faintly outhines the
vessels A second mjection was
then made (fig 21¢) It will be
seen that the wire 1s almost lost
m the general shadow and that
1t les at right angles to the
antenor vema cava (It 1s of
interest to note that the opening
of the thorax has not seriously
disturbed the anatomical picture,,
of fig 21a) In fig 21d, four
secondslater thecontrastmedium
has been largely cleared from the
night heart and the vessels con-
nected with 1t and 1s seen re-
turning from the lungs along the
pulmonary vems to the left heart
and passmgh to lhe1 z|scendlln(g1 . R
aorta and the vessels supplie 1022 —Sheep foctus (nearly full term
therefrom  The relation gf the Afecord of an "l’::?;f.“““n""l;:";:l:o‘;:'g the relaton
wire on the ductus to the aortic f.“,'.',“".',’:'.‘n;"fn"'.;:".i :):;iuo( ding st 4 mor oy
‘"%‘ is well S f d erer vent cavtand the \esses commicted wih vt 11
18 2218 taken from a record  heant (sec text
of !h% second tvpe of experiment

The contrast medum has Just passed on from the anterior vena cna leaving
this vessel almost empty, and 1s filling the right heart and the vessels leading
from1t, but 1t has not yet reached any of the vessels connected with the left
side of the heart  The course of the ductus as 1t branches from the pulmonary
trunk 15 well seen but its exact pomnt of origin and g anastomosts with the
descending aorta cannot be accurately determined The shght break in the
natural curve of the aorta indicates the g

PProvimate site of the anastomos:s
As a result of these experiments the site of the ductus I our mdiographic

records was determined fairly accurately, but in addition gts Position and
relation to the neighbouring v essels was nd
fortuitous expenment

another Chapter, a
into the femoral artery nstead of int,

the
\}fmls entering it Th,
the latter part 15 reproduced 1n fig” 5 H
heart has momentanily cleared the 3 g sona oDl pul
brachiocephalyc artery
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Pratc IM —Sheep foctus (¢ 100/147 days) No nose bag  cord dinided  Sefected frames of a direct csneradio
graphic record (made at the rate of 3 frames per second) of a retrograde intra artenal {femoral artery) 1njection
The contrast medium 1s seen passing up the descending aosta and filling in succession the aortic arch the ascending,

sorta the brachiocephalic and coronary artenes the ductus he pu 1y trunk and 3 arteries
‘The foetus was 1n verv poor condition at the time of myection s heart beating only feebly and from time to time
See text (p 53)and fig 23

54



ACTUAL COURSE OF BLOOD FLOW IN TOLTAL LAMB 55

ductus umtmg  the pul-
monary trunh  and de-
scendmg 2o0rta

The Change i the Course of
the Anteror Caval Flow
after Functional Clostire
of the Ductus Arteriosus

\While the methods de-
senbed above afford an
anatomical 1dentification of
the ductus arteriosus, the
patency or closed state of the
vessel can be determmed by
observing the course taken
by the blood on leaving the
nght heart,1 ¢ bya functional
test Under foetal con-
dittons, blood reaching the
descending aorta may come Fic_ 23 —Sheep foetus (¢ 1001147 davs)  Frame 39 6f record
from one or other of tWO  gaured 1 Plate 11N (retrograde wntra artenat inection) A feeble
Sources (sec fig x6e) either  puonof e Ul b oy nareanh oy U g
from the night heart, v1a the  [2er thus Teaving a well-defined prcure of the ductus arteno us
pulmonary trunk and ductus  umung the pumenary trunk und the descending sorta

arteriosus, or from the left
heart via the ascending aorta and aornic arch  Since 2s has been shown, the
antertor caval flow passes 1n 1ts entirety through the nght heart the appearance
of contrast medum 1n the descending sorta, immeduately following an anteriar
emval mection, mdscates that the ductus srtenosus 1s patent for 1t can onh
have come through this channel 1f on the other hand, no such shadow
appears and the contrast medium passes exclusnvely to the pulmonary arterzes,
the ductus artenosus may be considered to be functionally closed

Figs 24 and 2, are tahen from two expenments of a group designed to record
the transition from the stage when the ductus 1s patent to that when it 1s funcuon-
ally closed, and so to determine the time of closure  For this sertes of evpeniments
the contrast medum used was one of those that are quickly elimunated from
the blood and small mjections (47 ¢ ¢ Ywere made and recorded at short nter-
vals for as Jong a period as posstble, sometimes up to two hours from delie
of the foetus ~ Infigs 24¢and 230 the antertor caval nyection 1s seen 355,,?
freely to the descending aorta aswell s to the pulmonary artertes “hﬁepm fi ;
24b and 2,b, taken from later records of the same two amimals, a simyl o
1s passing only to the pul 1 ar injection

passing_ only pulmonary artertes  In each case during the it
between the two njections the ductus had ceased to be a funct c meemval

In a number of our records a pointed stub may b notoning desscl

e seen

}g;ﬂrgaméy \Erunk at the site of origin of the duc{us Thlgl:gi:::l\?sg gctr)n ?l:e

ind end of the functionally closed vessel The e e

but 1n stub 1s shown i fig 264,

fig 266 {about 2 seconds later 1n the same record), which demor%stme;
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(a) FIG 24 —Sheep foetus (144/147 days) @)
(a) Antenor cavalingection 6} munutes from delnery Nose bagon cord undnided 'The contrast medum
s p;ssmg freely through the ductus arteriosus to the descending aorta as well as to the pulmonary artenes
d (3 é\no!hcr anterior caval injection 4# munutes later  The nose bag had been remosed and the cord
tvided 4 mmutes before this mjection The contrast medium 1s now passing to the pulmonary arteries
only and no shadow 1s seen m the descending aorta 1 ¢ the ductus artenosus 1s functionally closed

(@) )
Fic 25 ~Sheep foetus (nearly full term)  No nose bag had been applied and the cord had been dissded

on delivery
(a) Anterior caval injection 3 munutes from delivery  The course taken by the contrast medium shows

that the ductus arterrosus fs patent

(b) Another anterior caval injectton 8 rmunutes later shows that the ductus is functionally closed
the return flow from the lungs to the left hert and the filing of the arterial
vessels supplted from this side of the heart, 1t will be noted that the right
heart 1s devoid of any shadow and that the stub 1s no longer scen, e there
1s no suggestion that any of the opaaified blood 1n the descending aortt 1s
passing back through the ductus

The functional closure of the ductus arteriosus 1s not always as complete
and final as might be inferred from the examples that have been quoted, and 1n
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Fic 26 —Sheep foetus (neatly full teem)  Nonose tag had been gpplied and the cord had been dinided
on deh ery 32 muntes befare this record

o Comcast mednm of an anterior caval myection 15 seen il o the pulmonary trunk and pulmonany

to the §¢ft hears and the vessels which 1t supplies  Thete 4 no 1nd caton of aav
2:&%:3 {‘:::\n f:: rdye::tu:vsdxrl\’g -:nn through the ductus acteriosus to the pulmonaqy trun
some cases the channel having once closed has opened agan  When, how-
ever such a feoperung occurred 1t appeared to be associated with a general
deterioretion 1 the conditton of the foctus, and our records indicate that n
the case of a healthy, vigorous ammal functional closure of the ductus arteriosus

accurs very shorthy (within y minutes m one casc) after the foetus has assumed
ats sndependent existence

Posterior Caval Flow
Qur radiograptuc records demonstrate the course of flow through the heart
of two of the main components of the postenior caval blood stream namely,
the re ovygenated blood which returns 1o the foetus from the placenta and
the venous blood which returns to the heart from the lower segment of the
body, 1e from the abdomunal sena cava  The distnbuton of the blood
from these two sources was determmed by recording the course taken by con-

trast medium mjected 1nto one of the umbilical veins within the cord and
into the femoral vemn respectively *

! Records of miscible contrast medwm njected into the umbilical or femoral vemn to show the
course of the postenior casal flow through the heart

hasve often been lacking 1 ct

reasons for this are not vetwholly apparent certun butory factors can bE pprecs “I};:kxd::
ot cases the site of inection 1s 3t some distance from the heart and so the contrast medium s pro
gressnely dilured by the tz2naus streams of niormal {non-opague) blood which Jomn 1t in the cnﬁﬁc
of its flow  Secondly the rate of flaw mn the thoracic portion of the posterior vena cava sgelf
appears from our records to be relatnely lon  One of the factoss contnibutmg to this low rate of
:1:\» may be the presence of a  caval band  (see Franklin 1937 P ~39) tending 1o restrct the flow

rough the posterior vena cava at the lesel of the duphragm Many of our tecords (seq
fig 33) suggest that such 2 band 35 functioning but we cannat at present say more than “ms < cE




Fic 27

Flow from the Placenta

(Fig 27) In the sheep foetus the re-oxygenated blood returning from the
placenta flows through the umbilical cord in'two veins which, shortly after therr
passage through the skin of the foetus, fuse into a single vessel ~The blood
flows up this common umbihical vein (1) 1nto the liver, and thereafter enters
the posterior vena cwva (4) directly, via the ductus venosus (2), and indirectly,
after traversing part of the Iiver (see pp 63-64), by certain hepatic vemns (3)
On entering the posterior vena cava (where 1t 1s joined by the rest of the
hepatic blood, 1e the portil inflow, and by the venous flow returning from
the more caudal parts of the body) the blood passes up to the heart, here the
stream divides

(Fig 27a) The greater part of the flow passes directly through the * fora-
men ovale ”" to the left side of the heart (5), and thence through the aortic valve
to the ascending aorta (6) Some of the blood 1s now distributed to the
coronary (77) ind brachtocephalic (8) arteries, while the remunder passes round
the 1ortic arch (g) to the descending aorta (10)

(Fig 27b) A’smaller quantity passes 'nto and through the right side of the
heart (11), and thence through the pulmonary valve to the pulmonary trunh
(12)  Thereafter, 1t pisses 1n part to the pulmonary arteries (14) and in
part, vin the ductus arteriosus (13), to the descending norta (r0) The
terminal course, thercfore, of this portion of the stream 1s the same 7s that of

the antertor caval flow
58
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L2 IV —Sheep foetus (135,147 d235)  Nose bag on
“re made at the rate of 3 fms oy second) of an umbit
EAIt nd great vessels of that pacher, os the posterior cay

cord undp,ded
cal vein injection

Part of a du,

showing the couy
al blood which Comes from the pl:

€ct cineradiographyc
rse of fow through
acents  See fig 28
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F1G 28 -~Sheep foetus (135/147 days) Nose ba
gt 2 raneep ys) 2 on  Cord undinided Frames 4 and 7 of record

Contrast medium 1njected into one of the umbilical ve

1ns within the cord 1s seen passing up the thoracic

postertor vena cava into the heart  Note 1a (a) the prompt eppearance of a good shadow 1t the ascending
noata hbrachloccphnllc artery and aortic arch indicating a constderable flow through the foramen ovale
and the left heart and in (5) 1 second after (a) the later appearance of 2 less pronounced shadow In the
pulmonary arteries and ductus artertosus indicating a much smaller flow through the right heart
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T16 29 —Sheep foetus (140/147 days) Nose bag on  Cord undinided  Frames from a record of a

femoral vein mjection showng that the course of flow through the heart of the abdomtnal caval blood 1s

similar to that of the hlood returning to the heart from the placenta via the umbilical vein shown n fig 28
Asmn fig 28 the time interval between the two frames is 1 secons

Plate IV and fig 28 are taken from records which demonstrate the passige
through the heart of contrast medium njected 1nto one of the umbthical vemns
within the cord It will be seen that a good shadow appears promptly (P IV
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frame 4, fig 28a) 1
the ascending aorta}
brichiocephalic artery
and aortic arch mdi-
cating 2 considerable
flow through the “ fora
men ovale” and the
left heart, while a less
dense shadow mahes 2
Yater and more gradual
appearance (Pl v
frame 5 onwards fig
285) 1n the pulmonary
arteries and  ductus
artertosus ndicating a
much smaller flow
through the nght heart

Flow from the
Abdormunal Vena Cava

Fic 30 —Sheep foctus (142147 davs) Frame from 2 record showing

the head of a postenor caval mection dniding mio two streams as

As may be Seen I [eurers thebeart (The fnt shadow in the vessels 13 due to 2 previous
fig 29 the course of

\ntection of eontrast medium which has nat been 1 holly elmnated )
flow through the heart

of the abdomunal caval blood 1s similar to that of the blood returning from the
placenta via the umbilical vem and ductus venosus shown infig 28" A good
shadow appearing quickly 1 the ascending aorta brachiocephalic artery and
aortic arch serves as evidence that a considerable quantity of contrast medium
has passed from the posterror vena cava through the foramen ovale’ and the
left heart while a much fainter and somewhat later appeanng shadow in the
pulmonary artertes and ductns arteniosus indicates that a relatnely small
quantity has passed through the nght heart

Owing to supenimposed shadows 1t 1s seldom easy to differentiate the twa
poruons of the postenor caval stream within the area of the heart itself, but

the actual diviston of the stream as 1t enters the heart, 15 occasionall
demonstrated 1n the records and may be seen 1n fig 30 The anatomical
bass for this dision 1s discussed i Chapter 111, but the reader may hike
at this pomnt to study the photograph reproduced i fig 31, 1 which
t}exe promnent nidge on which the posterior caval stream diides s clearly
seen

~85) one of the coronary arterses can
Just be discerned
1t1s generally dufficult 1o see the fill
Z“;:\gg::\t}{::: 's“r::.;lllsuc aind 1o the lf:a;kgfrcurd of opacified blecd within ﬂ:c d‘\nx;‘;g:r(sh:;:}::;s:a]:t
le  In many of the frames of the rety d
Plase I howerer the coronarv arter-e: ane bt sumshy e tmjection figured i
s are clearly seen and 1h fthe Jof
Feart s well demonstrafed by postersor caval imgecione ot ﬁplzd;‘lr(ss‘éf %‘é ‘;“:}x‘) Blood from the Jfe
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The Change wmn the Course of the Posterior Caval
Flow after Functional Closure of the * Foramen
Ovale” and the Ductus Arteriosus

When, shortly after birth, the * forimen ovale ”
becomes functionally closed, the whole of the
postertor caval flow tahes the course followed by
the smaller stream in the foetal stage, passing through
the night heart to the pulmonary trunk (see fig 325)
From our records 1t appears that i the newborn
Inmb functionnl closure of the “ foramen ovale”
occurs before that of the ductus arteriosus, for when
the contrast medium first takes this new, single
course through the right heart, its shadow 1s seen
still to pass from the pulmonary trunh through
the ductus arteriosus to the descending aorta, as
well as to the pulmonary artertes

The exact site of the “foramen ovale” 1n our
radiographic records 1s often even more difficult to
locate than that of the ductus arteriosus, but here
agamn the patency or closed state of this foetal
channel 1s readily determmned by a functional test

62

T16 31 —Dorsal aspect of the

heartand great vessels of a nearly
full term sheep foetus dissected
to show inter alia the mirked
nidge on which the posterior caval
stream dnides as it enters tne
heart (sec also fins 49~54) Part
of the dorsalwall of the postertor
vena cava and the dorsal walls of
the anterior vena cava and left
atrum have beenremosed  Scale
n cm

Just as the presence or absence of a shadow 1n the
descending aorts, immediately following an anterior
caval mnjection, indicates (1s has already been shown)
that the ductus arteriosus 1s patent or closed, so the
patency or closed state of the *“ foramen ovale’’ 1s
indicated by the presence or absence of a shidow
i the brachiocephalic artery (or other vessels
supplied exclusively from the left heart) immediately

following a posterior caval mnjection
After functional closure of both the “foramen ovale” and the ductus
artertosus, the posterior caval flow passes 1n 1ts entirety through the right heart
to the pulmonary trunk and pulmonary arterses (figs 32c and 33), and the
adult pattern of circulation through the heart and great vesscls 1s estib-
hished

T CIRCULATION THROUGH THE Li1VER IN THE I'OETUS

In one of our early experiments, designed to record the passage through the
heart of contrast medum 1njected 1nto one of the umbilical vens, the foetus
was ncorrectly positioned, with the result that the record obtamed showed
the flow of the injected contrast medium not through the heart, as intended,
but 1n an earher stage of its course, nimely, through the lver  The record
thus accdentally obtamed led 1n due course to an extension of our studres by
an investigation nto the circulition through the foetal ltver, and 1 number
of records were made to confirm and supplement obscrvations which were mn
the first mstance the result of an error m techmgue Owing to the lic of the
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dographic ims
—Duagrams_constructed from a frume by frame snahvis of ndireet einers
ot lipodol shoning the hanies 1 e coure of the postenon el flow which take
R oapre of the  foramen ovale  and d
P e sl pavst —Ths dgram depets onls the v coure of the ol gosenor carat
b the it magonity of glabules) through the left heart (cf iz
B e assed theough fhe nght b (Sherp focws. ealy ul e N nose bog. cord
ection g runutes from delivery
""?bi’ﬁ';'omﬁiﬂ’,fﬁ'-?‘/’.f'ni’,‘.’mm :l?md ductus artrviosus 3t 1l patent —A simarmjection 2 tmnutes later
1n the same anumal as that shor 1 1n {a)
O Foraen ovale and ductus arteranus otk
Fesmbral seun mmgection

funct onally closed —Lamb & few weeks aftcr birth

Iver 1n the mature sheep foetus, Wherein only a smalt portion of the viscus
extends to the left of the dorso sentral midhne, the hepatic cireulation 1s best
seen 1nt the lateral projection

The blood supply of the foetal Iner 15 demved from three sources (1) the
hepatic arterses , (2) the umbilical vein, (3) the portal ven  The hepatic
arteries, ansing from the descending aorta are relatiely small vessels, and
records 10 which they are seen filled with contrast medwm indicate that
the amount of blood supplied to the Iner from this source 15 neghgible as
compared wath that derrved from the umbihical and portal veins respectively

The Umbilical Venous Inflowe

‘The radiographs reproduced in fig 34 are tahen from a record of an injection
of contrast medium 1nto one of the two umbihical veins within the cord and
show vanous stages m its passage through the Iner The contrast medwum
enters the lner by a large single vessel the common umbilical vein (produced
by the fusion of the two umbilical vemns wthim the cord at a point Just proumal
1o the umibshieus) and s distributed by 2 number of branches to a considerable
area of the lner lying on erther side of the vessel  This aren 15 often clearly
defined 1n our records (see, eg fig 36) As these branches of the umbtlieal
vein are gren off, the calibre of the vein itself progressnely dimunishes  rom
the termiation of the umbilical vern the contrast medium 15 discharged (1)
thmug}} the ductus venasus nto the postenior vena cay 3, and (2) into the so-
called * portal stnus” 2nd 1ts small ofishoots  In the later parts of the record,
the }c\nmrast medium which has passed to the Iner substance 1s seen collectmé
2‘\3 e hepatic veins which drain this area and passing mto the posterior vena
It will thus be seen that the blood returmuy
o g to the foetus via the umbilical
1 passes to the postersor vena cava (and thence to the heart) by o routes
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(1) derectly, via the ductus veno
sus, and (2) wndwectly, after
pissage through the liver tissue,
by certain hepatic veins

The ductus venosus 15 1 foctal
channel which does not persist
up to full-term 1 all animals, but
in the sheep foetus 1t increases
1 size and functions as 1 short
cirewtt for the re oxygenated
blood returning from the placenta
right up to birth The early
post-nat1l functional closure of
thus vessel, as ndicated by certamn
of our ridiographic records, s
discussed m  some detal 1n
Chapter VI

The * portal simus " —With one
or two exceptions (eg fig 36),

FIc 33 —Goat foctus (136/147 days) Yrame from a  contrast medmm injected 1nto
record of a posterior caval injection made 44 minutes h
aftr delnery and 37 minutesafer removalof the nose bac Olllle of the umblical vens within
and division of the cor ¢ contrast meditn passes 1n
1ts entircty through the right heart to the pulmonary trunk the Corfd has mV'mablynp assec%
and pulmonan arterres - thus indicating thar both the t0 the far end of the portal

foramen ovale and the ductus arteriosus are functionall,  sinus It may be objected
closed Note the constriction of the posterior vera cava at h h d
the level of the diaphragm suggesting the presence of a that this observation does not

caval band  (see footnote on p 57) necessanly represent the normal

flow, since the umbihcal venous
)

pressure may have been unduly rused by such injections  Lvidence that the
sinus 15 normally supplied from the umbilical vein 1s, however, available from
experiments 1n which contrast medium injected mto the jugular vemn, and
allowed time to circulate through the placenta, has been seen on returming
along the umbilical vein to pass down the “ portal sinus”, 1 such expcr-
ments there can have been no question of an unduly raised umbilical venous
pressure  Iurther, as will be seen 1n the exwmple quoted below, there
1s no ndication 1 our records that blood entering the liver from the portal
vemn passes up the sinus so long as the placental circulation continues in full

vigour

The Portal Venous Inflow

The venous drainage of many of the 1bdominal viscera 1s finally collected
the portal vemn, 1 vessel of considerable size, but not nearly 1s large s the
umbilical vein  To demonstrate the distribution of the blood entering the
foetal liver by the portal vemn, injections of contrast medum were made into
one of the larger mesenteric veins While the placental ctrculation was continuing
through the itact umbilical cord In fig 35 are reproduced three frimes
selected from a record of such an injection 'The contrast medium passes up
the portal vein, and on entering the liver 1s distributed by numerous branches
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FIG 34 —Sheep foetus (126/147 daye)

Nose bagon  Card undivided  Nelected

£ames from a record of an umbilical veyn

Injection  showing 38Tous stages 1 ypg
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.
Fic 3 o

—_Samme arumal s that sho 4n 1n figs 352nd 36 Frame from a record of a mesentenc e
o e mtes after &1 1510n of the cord showing the di tnbution of the portal \enousbhnd
e oo of the placenta] floy - In add tion 1o supplving the srea of the inver shown m fig 35 the
Bt etn bas takee ovet the supply of the arca previvushy suppled by the umbil cal vein i 36)

Note the dimimshed cabibre of the umbil cal vein (¢f fig 36a) ~ The ductus venosus 10 till patent

but the famter shadow of this vessel indicates that the flow through 1t 13 considerably leas than before
Fic 38 —Same an mal agan  Anofher mesenteric vein inyection made 20 minutes later Qe 25
mabes from dision of the cord) shov 8 1o contrast medum passink through the ductus venosu

Vhch 13 functionally closed
to awell defined area of the viscus  No part of 1t 15 seen to prss up the

portal sinus  which presumably, 15 bewng filled with non opaque blood from
the umbihical vein  In due course the contrast medum passes through the
Tiner tissue and 1s carned to the posterior vena cava by those hepatic veins
concerned with the dranage of this portion of the lner (fig 350)

The radiographs reproduced n fig 36 are tahen from 2 reconi of an umbilical
vemn myection made a few minutes after that seen in fig 3, and show 1n the
same anmmal the area of the liver supplied from the umbilical vein  In this
case—an exceptional one 1n which the umbilical venous pressure was pre-
sumably unduly fow—the contrast medium does not pass fr\'iom the umbihical
vein mto the portal sinus ” and 1ts offshoots, and hence the area of supply
is not quite completely shown

Detailed accounts of the anatomy of the liver of the sheep foetus and of the
relatne distrbutions of the afferent and efferent venous svstems, as first
wndicated by our radiographic studies, are given in Chapters 111 and 1V

The Dsstribution of the Portal Venous Inflow after Cessation of the Placental
Ciredaiion

When the placental circulation cesses on division of the b
after burth the blood from the portal vein 1s distributed not only u(x:dx\lécca‘lmri]orx;s

FI6 35 —Sheep foctus (140 147 dave) “ose bag on  Cord andregd
ofamesent rey an ngection showing the h undided  Sefected frames from a record
Row, contmucs m full + gour 10k the area of the b ¢3unpl cd b the port 1ein 50 long as the placental
—same e Tus that sho n n £ 33 but 4 munates )
el om m cion sho e areaof i ver Cpphed from & s -2;’:::"(‘:({2?‘;;)"’"'""°“‘ ofan
ol ne
t4n xceptonsl el th conirs {oneduum d d ot pavs v she  port]

n thes instance
18 not quite the complete umbrhcal supply aren @nd ints us offshootshence
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PART THREEL

y CILS (THL
1, STORY IN \ PARTICULAR SPE
THE FUL SHEEP, OVIS ARIES)

CHAPTER I
The Cardiovasewdar System w the Mature Foetal Lamb

Trus Chapter deals with those parts of the cardiov ascular sy s&m \\h\),c‘h han I‘eh?:
beating, on the succeeding phystological story {Chapters N to h)xh v
order of the present chapter corresponds, so far as possible, Wit B

Ch’?‘?‘t:rhz‘of the various organs 1n relation to the three planes of the both, 15
defined by the use of the opposing terms cramal and candal, sternol or central
and dorsal and right and left  In a number of instances, foetal structures have
been gnen new names, for of the terms 1n cutrent use

some are per se MNappro] riate

((3 others hag ¢ the sanxg’mr? of embryology but are not realhy apphcable to
the mature foetus or at all events not if one interprets structure 1n terms of
funcyon ,

{3) others have been borrowed from post natal anatomy and are unsuited to
1he foetal structures from wiuch that post-natal anatomy has, after considerable
changes been tvolved ,

(4) others again give o suggestion of the known functions of the parts,

{5) others finally help to preserve an wcorrect outlook bequeathed from
the past

'Ig\e changes that have been made are not so numerous as the above bst of
reasons would lead one to anticipate and the new terms are already 1 use ma
number of places  So one 1s encouraged to hope that they may gan moare
general and perhaps even universal acceptance

It 15 the view of the present writers that the alterations 1n the pattern of the
cardiovascular system from sts first appearance onwards should be reparded
primarily as functional adaptations to the ever varying needs of the dey eloping
organtsm aud should not be considered, from a physiological pomnt of view
mcre)i, as steps m the evolunon of the adult system At all times the cardio.
vascular appararus s to be regarded as functionally appropriate to the orgamsm
under the conditrons obtaimng at the moment, even ;F certan mechamsms that
will effect the next changes are simultaneously beng elaborated (eg m the
ductus artenosus in the latter part of gestation)  This outleok would make 1t
difficult to give the full story of the airculanion durin

the earlier stages of -
uterine Uife for the changes at that time are both mm%eraus and rapxg F(:;'\lrfl-
ateh, however 1t1s only the termunal stage with which this book 15 coneerned
:\%dS‘::‘::g tﬁat ctlosmg ’%;nod gg mtea &x&erme ewstence the picture undergoe;
S alteration € sudden ang dramauc FALIRMO! h
0818 th
y rp at occurs
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scribed aret of the hiver seen 1n fig 33, but also to those parts of the viscus
which 1 the foetal stage are supplied with blood returning from the placenta
by the umbilical vein = Fig 37 1s taken from < record of a mesenteric vein
myection 1 the same 1nimal s that shown mn figs 35 and 36, made 5 mnutes
after division of the umbilical cord (the nose-bag had been removed 21 minutes
previously) The early distibution of the contrast medium on entering the
liver by the portal vein 1s simular to that seen 1n fig 35, but in addition the
opaque stream 1s seen passing up the portal sinus mnto the umbilical ven {now
much reduced 1n calibre, cf fig 36a) 1nd its branches  The ductus venosus
15 still patent, although the shadow 1n this vessel 1s considerably less than that
seen tn fig 36z In fig 38, taken from a record of a simular njection 20
minutes later, no shadow 1s seen 1n the ductus venosus, and this vessel may
therefore be considered to be functionally closed
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AV lem

Fi6 39-—Shecp Section through the platentome (sotyledon snd
amncle%‘:l the roglh day of pregrany 4l 1 foetslblood Aessels in the
allanto—chenome mesenchvme  § base ofane of the arborescent secon
ary lamnae o wilh which rad ate from the contrml villus BEX
ettravgsation ket een the bases of the willt resulting from th rupsure of
Blood vessels which trerse the surface of che intercrypt columns 1cec

€ fundus of cxypt in uterine mucoss G plenne gands Y moseular
wall of the uterus

chornal (fig 104) 1 the placental membrane, or fayer sepamating the maternal
Blood from the foetal blood comprises maternal endothehum and connective

tissue uterine lumen, and foeta) trophoblast (chorion) connectve tissue and
endothelram

{u) THE UNIBILICAL CORD, THF WNIBILICAL VENAE COMIILS
AND THE SINGLE UMBILICAL VEIN RESULTING FROV! THEIR FUSION

The umbilical cord of the lamb (fig 40) contans two artertes and two
sans many small blood vessels the allantore duct and a serm flurd Wharton s
jelly  'Thelength of the cord s not easik determined because of 1ts retractise
pawer, but 1t 15 often of the order of 20 20 2, em and 1 does natshow the
extrerne mdridual varations that the human card does

No detaled description of the cord will be given here but certmn ponts
sill bestressed  The large blood vessels 2re commonly,, though not invariab
tortuous, and thev appear to retan farly undorm calibres thraughaut thesx;
course wn the normal, tunctioning cord, with the {umsna of the vems 1endmp ta
exceed somenhat those of the artentes 1 one Jooks at the vessels through the
outer Jayers of the lning cord 1t 1s not too easy to distinguish the aneneg {i
‘c}l‘; ;.:c)‘x;i :fn‘lgss&r;:: s able tt):lseel 2ﬂ'xe pulsation 1n the former  The sens éﬁ?d‘

e Wharton's jelly allaws the provimal porton of 2 dwded ar
Or 1em to tetract towards the umbiheal nng  the a s
the snternal part of the ring prevent any fuzg1her 1mx::§t;‘?:]:§r;£t:<};ri‘l:$stlt\:
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during, and shortly fter, birth 1s therefore the sole im

) s ortant ch

to Ibc described, and an account of 1t 1s given 1n Ch'xf)terg Vc-lr:l; g‘slt l;’aetk;\:eds
n the present Chapter the various parts of the cardioyascular system of the

mature foetal lamb will be considered 1n the following order

(1) The placentt
(1) The umbilical cord, the umbilical venae comites and the single
umbilical vein resulting from their fuston
Enug '%lge :iv er and 1ts vessels
v, e ductus venosus
((v‘g "_II“Q:; Eostinor caval lchz\nncl and 1its terminal bifurcation
eart 1n genera,
(vt} The lungs 8
(va) T}:;n}lvslzlmonar) vemns nd the relations of therr openings to the via
ra
(rx) The left atrium
(v} The left ventricle
(z1) The ascending 1ortt and its branches, namely, the coronary and
() ’I_T})racl:mcc}:vh'1llc1ar}t]enesl
X e anterior caval channe
(xi1) The crista interveniens (intersenous tubercle)
((\uv; %‘ge azygos venous system
' e coron1ry sinus
(xv1} The nght atrum
(xvn) The right ventricle
(\vm) The pulmonary trunk
(x1x) The pulmonary arteries
(xx) The ductus arteriosus
(xx1) The descending aort1 1nd its terminal branches, namely, the umbalical

arteries
() THEC PLACENTA

The structure commonly referred to 1s the plicenta 1s, properly speahing,
the chorio-allantoic plcents, and the classification of such plicentae i the
cutherian mammals 1s dealt with at some length i Chapter VII, section (1),
readers unacquainted with the system should read through that section before
beginning on the present one

The gross shape of the ovine placenta 1s cotyledonary or multipley, 1¢ 1t 1s
divided into 1 large number of sepirate, scattered small misses called cotyle-
dons, each with 1ts own arterial and venous supply A cotyledonary placentr
(bovine) 1s depicted 1n fig 1002, 1 section through 4 single ovine plhcentome,
1e through a cotyledon and the uterine caruncle with which 1t 1s 1n contact,
1s depicted m fig 39 The villt are long and much-branched, and the class to
which the plicenta belongs, on the basts of 1ts finer structure, 1s the syndesmo-

1 The terms for the foetal masses and for the portions of the uterine wall with which they are in

contact are numerous and they are not completely appropriate to all cotyledonary ty pes at all stages
In addition some terms are ustd in different senses by different authors
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looser connections of the arteries at
the s1me point allow them to continue
their retraction and to become intra-
abdominal  The conyerse 1s also held
to be true namely, that traction on
the cord can pull out of the abdomen
the distal ends of the mtra abdominal
porttons of the arteres  These
arrangements were noted by Meyer
(1914, a3, b) and were regarded by
him as typical of rummants  They
are of importance duning, and shortly
after, bmg

The presence of smaller blood
vessels within the ntact cord was
perhaps first noted so far as the lamb
1s concerned, by Morel and Gernez
(1939? but Jordan (1919) had pre-
viously reported sumilar “findings 1n
the pig and Mever (1914 b) had
mentioned small vessels m the um-
bilical stump of the newborn lamb
Morel and " Gernez considered that
the vessels seen by them were prob-
ably vasa vasorum Harper (1943),
Iy rediscovered

ry
and one vemn to the left of the
Just caudal to the arterses

The antenal section of the
after the severed arteries have retracted 1nto the abdo
fter the delaved pos

ently true of the venous section a
vens (Meyer, 1914 a b
£ood diagram of the cord an

aatlable  Morel 5
but the calibres of the v
n the Ining subject

So much for ‘the cord as a whele
These fuse within the foetus to for,
have to use the same term

essels are no

d 1ts contay
nd Gernez, 1n theyr fig

tIn agreement with radiog;

+ One may noy Ip

m 2 single channe
umbilical veyn,

*
RUA— J

~ ——LUA

—_—

FIG 41 —Sheep foctus nearly full term U
bil cal regon with con! cut off flush with skin
RUVC™ LU C right and fef urebnf eal
Venae comites RUA LUA
umbilical arterics {7 |
urachus  Seale 1n cm

night and lefe
umbtlical vein

many act as visa ‘asorum

are clearly nutrine to the
ry long structure m the s e
2l covening of the cord " Gy

ep) the general connectn ¢

milar vessels are absent from

als so far 1oy estigated, research
d

The duct lies central} ,
fing can contract dowp
men, the same 15 appar-
t partum liberation u&hc

notseem to be
21t of the cord,
raphic findings

ned structures does
1 gave 1 picture of p

355 10 the two yeppg

and 1t 15 awhward to

* for three different Vessels

In
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Fic 40 —Sheep foetus ¢ 100/147 days  Transverse sections of umbilical cord U 4 umbilical artery
UV umbihcal vena comes A D allantoic duct  Scales = approx 05 mm a low power view of
proximal end of cord close to body wall of foetus & higher power view of area enclosed by continuous
Imesina ¢ still higher power view of area enclosed by interrupted inesin @ d low power view of distal
end of cord close to chorion ~ Allantotc duct commencing to dilate e higher power view of area enclosed
by continuous ines ;n d S still higher power view of arca enclosed by interrupted lines in d  Note that
the small vessels present in the cord appear to be concentrated round the allantore duct  Compare figs
108 and 109
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picture of the aseular twbe as 2 whole, and this can be pmduiled onl} by
recopstractions from sertal sections, duly correlated with evidence {rom
sacroscapcal dussecuon and other sources Here and there, 1n connecm:ln
with parts of the foetal cardiovascular system, some progress has been made
upon these lnes but 1n respect of no smgle vessel 15 the full preture av mlable
and 1n respect of most vessels it hias not even been begun
Aever's description was derned from studies of newborn lambs , brefly
1t ran as fotllows  The most stulsng featute 1s the varability 1n the amount
and distsbution at the longutudinal musculature of the media, w hich 1s present
In the venae comutes withimn the cord, but 1s absent from the intra-abdominal
van  In the cord the venae comites have a structure versy akin to that of the
artenses "There 15 2 singlc. Inyered endothelum, and [? always, or only often)
n mternal elasuc membrane The media contains both longitudinal and
ireutar muscle fibres  The former are somewhat wrregutarly distrsbuted with
clasuice fibres between them , they are not grouped 1n bundles among the fibres
of the much thicker arculans as © uwually the case in the artenies  The
circular fibres are arranged rather loosely, especially at the persphery  They
fie 1n concentric fayers, those 1n the perspheral layers being more definte. Na
true adventitia can be sard to exist, though 1 number of small blood yessels are
found 1n the pernascular tissue  Inside the abdomen the venae comutes have
2 simifar structure except that the muscle fibres interlace and aircular fibres are
extrernely few w number  In the umbiical vern there 15 no internal elastic
membrane and no longiudinal musculsure  The provision of areular

muscle fibres 1s relatively small and they are more closel
s apposed  There
fairhy definite, vascular adyentitza i Ba

(w) THE LIVER A\ND ITS VFSSELS
In earlier sheep foetuses, te at about half term, the }
, " fer
mcmca!\? phced in relation to the ventra dorsal mud hine oflsthrémbgzivs‘\r{\\e
umbl?m fissure or fossa 1s near to that md hne and to the umbilicus ’\m’i the
:g;};x (x)cf‘a‘lh\te‘r:f:rcor;utesdgnn) sn!{1 be separate vessels night up to the ventral
n addition, the otgan may contribute o

total body ’\sexgh&, s opposed to the thirtteth or less that it ::ggéxtbe\xr\x::: otf ; hlel

!emi‘(ﬂarc 2y I ranklin and Prichard, 1942, ¢) In the hving mature foat .
i‘r‘na p%r:mnl only of the Iver hes to the left of the dorso ventral md \me m?l

¢ e umbilical fissure lies well to the night of this mud e and b
\s%:\cs from ;he umbihicus i a0 apprectable

¢ enernal appearance 1s shown m fig 42 There
s 3 f

g:zif:z p:.gmg\ overlapping the  portal simus * and 2 ;elit\:lerl\s ‘lzaerd pnpxl(llar)
Plocess oth are partially se?amed from the rest of the orga 5 cAau N
visceral sfu'fﬁiem I‘h'en;\: l;mb‘ heal vexn and * portal sinus " hg c';osc togi‘lll‘;

OSIET
s irl tssue in the hepanic p:ml;rf ‘xtean:oflar‘;g 1 partly or “ho“) surrounded by
\nsc\?l‘:( :::rercsnng than ‘the external appearance honeyer,

(1931} but ?‘:g;lﬁms An carher account of these was ‘gi‘\r :nd;: H}\:Tma\
no experimental Y e
P findings 10 guide him, s0 the fullm\%ng
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the rest of this book, therefore, the term “ umbilical venae comites ™’ will be
used for the twin veins ind the term “ umbilical vein ” will be resersed for the
larger vessel resulting from their fusion

Macroscopically, the venae comites are seen to result from the untons of
smaller vessels which return blood from the cotyledons, 1nd all these vessels,
as well 1s the umbilical vein 1tself, are valveless . In the radiographic records
of the functiomng umbtlical cord, the nternal calibre of the venae comtes 1s
seen to be of the order of 4to 6 mm  Their length 1s about jotogocm  As
the average flow through one vena comes 1s about 200 ¢ ¢ per mnute, and the
1erage cross-section about 0 2 sq cm , the rate of the blood flow should be
about 16 cm per sccond, and 1t should t1he about 2 to 2 § seconds for blood to
pass night through a ven1 comes No radiographic records are available to
confirm this estimate, but 1t 1s 1n reasonable accord with the total circuit time
from umbilicus to cotyledons and back (see Chapter IV), so 1t 1s probably not
far wrong

Within the cord the venae comites are obviously very muscular and they
contract down rapidly and markedly m response to certain hinds of mechanical
stimultion , the relatively local character of the contraction suggests that 1t 15
a direct muscular effect rather than 2 reflex one  At, or near, the umbilicus
the veins appear to be specrlly contractile (Barclay, Tranhlin and Prichard,
1942, c) and at this point they usually exhibit some degree of narrowing m
radiographic records of the living ammal

At or not far from their entry mnto the foetus, the twin vemns fuse externally
along their surface of contact  Theypass through theskm almost perpendicularly
to the external surface but, once through 1t, they bend (sometimes very sharply)
cranally, and they also incline about 10-15° to the right from the ventro dorsal
mud-line of the body There must be 1 distinct difference between the extra-
and 1ntra-foetal portions of the vessels, for a contraction has never been seen
to spread from the former to the latter, and mn fixed specimens the former are
contracted and thick-walled, the latter wide and thin-walled About 2 cm
from the point at which they pass through the skin of the foetus, the vessels
fuse internally, the ‘‘ party-wall” between them terminating 1n 2 cresccrl;tlc
edge, concave towards the liver  There 1s, apparently, no differential distri lu\-
tion wathin the foetus of the bloodéstreams from the two venae comites (I'rink-

nd Prichard, 1940,
llnAf;lx;ilz;yC; proximal to ?ﬁe ’pan)lt at which they fuse internally to fgrm the
umbilical ven, this single vessel reaches the border of the Iiver (in fixe ';spé:m-
mens about 1 3 cm to the nght of the ventro-dorsal mid-line of the bo {l)’
and thereafter 1t passes for about 1nother 1 cm within a fossa before actua \S
penetrating mto the Irver substance itself The remainder of its course »
section
dej\cr‘;lgigo?nihgfntiit mcroscopical structure of the venae comites -1lndhof tchse
balical vemn 1s necessary for the full appreciation of the post-natal changes,

u"cll Meyer (1914, b) gave such an account  One must, however, repeat here a
:c“olmp]aaxt alreaci) made elsewhere (Irankhin, 1937, f3 5—6),lsn;r;1(e)l ’thct:}rlenl-t
descriptions of cross-sections and longitudinal sccuons;' [¢ \s;se are of them:
selves madequate  What the physwologist requires from the a
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e 43—bheep foetus 139 149 days F1G 44 —%ame Iver as in fig 43 wuh
At of e Beab e, 17 14 doye small superficial portions yemon e nd the
eha s straight and of umform cal bre umbidicalvein U portalien P 3 sinuy
because st \ as fixed with  glass rod m 1) intermedis { portal mous ) Sf and

umbilical vein PE portal vein ductus teniosus D} opened up  Inrer
PT C postenorvemacma  J P paps) rupted fines indicate offshoots from the
Iin protess CP  cyudate process man veind to the lner mssve 5§ @
G B gll bladder  Seslyin em

posteriorsenicavz  Scaleimem

o it some cases two offshoats—passes 1o the left-tnast partion of the luer
It s convenent as will be shown later 1 this bool, to sty fe these Iner masses
supplied by the umbilical veun, the central mass (subdn ided 1nto central mass
nght and central mass left) and left mass respectrs ely

The final farge offshooy

that goes to the left mass 1s what Rex (1388) called, 1n the post natal Iner, the
ramus angularis * No offshoots from the other afferent sem of the Iner
te the portal vein supply any part of the e ntral massorleft mass  Inq fined
specimen the umbilical vesn may show no appreciable decremeny n calibre 3

uts 1ntra hepatic course (g 44) 1In the Iing foetus, on the other hand, s
calibre decreases progressie]

v as branches are gnen off, and s final widih
may be hitle more than a third of 1ts 1nrtial one (see fig 343
The radtographic records of the Iving foetus also show’ that the Tem g

continued functionalls by the ductus venosus and by the ¢ portal sinus’
e ductus i this genug gy o

nues to act as a short crreuyt night up 1o birth (Barclav, Franllin and Prichard
1942, ¢) Tt will be conyidered 1 detat below s one ©an pass straight on 1,
the evidence about the s The figst pomt s d
10 one of the umbyliey) renze comites 1n the cord of the |
almost mvariably gone right to the far end of thesinus I,

that the umblical YEnous pres;
njectons one can add that cony
Yen and thereafter aligy, ed u

similarls tray fled a far as the partal end of the sinus 1
there could have been no undye nerease 1 umbilyea) Venouy
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(@) ﬂ

16 42 —Sheep foetus ¢ 140147 days  Views of liver from
(¢) ventral and {d) dorsal aspects together with keys to (¢) and
bilical vein L ligament PP papillary process CP caudate process
G B gallbldder Pl portalvem LHV lefchepaticvem RIHT nght
hepaticvemn DU ductusvenosus P ] C posteriorvenacava  Sealein ¢m

ht () lefe
(“))”EU; utm

description supersedes i The umbilical vein (figs 43, 44) enters the hver
tissue about 1 cm from the ventral border of the orgin and several offshoots
leave 1t between that potnt and 1ts generally accepted anatomical termmation,
te the beginning of the *“ portal sinus”” "The first offshoots are distributed
to the portions of hver lymng on either side of the vein, the final large offshoot
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wt 1s possible to state that
the amount of blood entering
the Iner through its artertes
must be msigmficant beside
that entering through the
umbihical and portal veins
The efferent vessels of the
Iner are the accessory hepatic
ems that open 1nto the pos-
terior vena cmva and the
large night and left hepauc
vemnsand the ductus venosus,
which unite with the pos-
tertor \ena cma about the
level of the diaphragm (fig
s2d)  Klages (1931) de-
scribed the mds idual vessels
in some detail but the
followng account 15 entirely
mdependent of hus and was
wntten with a  different
abject
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FIG 45 —Sheep foetus 140 147 davs

Outline dra ving of

Iver from the nuht aspect to show ditsion of the siscus (3
radwographicall  determined durmg hfe) into umbidicat snd

portai moicties

Scale n em

The accessory yemns, vartable both 1n number and m stze, collect

almost exclusnely blood that has been distributed to the her through

The nght hepatic ven, which corresponds to
the nght and middie hepatic vems of many genera, 1s often formed by the
union of two minor trunks one of which collects mamly from the portal
moiety of the Inver (1n so far 2s this 15 not dratned by accessory vens) and the

offshoots of the portal ven

PORTAL
4 MOIETY

g

———
FIG s6—Same b ras 1
venous “dramage  RAT

Lt
Bpatesmns  Seale nem i

2 45 to show hepane

night and left

other mainly from central mass
nght (fig 46) The left hand hmut
of this mass on the diaphragmanc
surface of the lner 1 an imaginary
straight line drawn between the
muddle of the entering umbtical
sem and the nght hand edge of
the termination of the left hepatic
ven The * catchment area’ of
the nght hepatic vemn always seems
to end at this hne, hut there 15
often some overlapping of the
* catchment areas” of its sub-
sihary 1tlru:ﬂ(sf The left hepane
ven collects from central

and the left mass s ft

1e from thy
greater part of the umbalical molct)c

of the lner (g 46) O
whole, the eﬁerent4\)exns :f 3:2

Iiver tend to he more crantalfy
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cord was intact  As this defence 15 adequate of 1tself, there 1s no need to 1dduce
the further ones that are availible It 1s clear, then, that umbihcal blood goey
the whole length of the sinus  The counterpart to this finding, 1 ¢ the evidence
that no port1l'blood passes into the sinus, 1s provided by records of experiments
m which contrast medium was injected mnto the main mesenteric vein, for none
passed from the portal system mto the sinus, despite the fact that the amount
mjected in unit time probably evceeded the normal flow through the mesenteric
vemn It s clear from the above evidence that, so far s the mature foetal lamb
1s concerned, the epithet “ portal ” applied to the sinus 1s physiologrealls 2
misnomer and that there 1s justification for substituting the epithet * um-
bilical ”  But, until comparative radiographic or other studies have shown
that the findings in the foetal lamb are probably of unrversal apphcation, 1t 1y
more conyenient to 1dopt a less functional epithet, and the one that will be used
1n the rest of this wccount 1s “intermedius,” 1n s much as the sinus lies between
the anatomical terminations of the umbtlical and portal vens  The term used
by Kiages was “ pons ntervenosus ” or “ Bruche ” The sinus may send t
few very small offshoots to other neighbouring parts, but thesc are, msignificint
by companson with those that pass to the papillary process  As this 1s the
final intra-hepatic distribution of the umbilical venous inflow, one 1s 1ble to s1v
that the umbilical moiety of the Iiver, 1 e that part which gets its affcrent venous
supply from the umbilical vetn, 1s composed of the right and left parts of the
central mass, the left mass, and the papillary process

The rest of the Iver, 1e what 1t 1s conventent to refer to as the right mass,
together with the caudate process, gets its afferent venous supply from the
portal venous inflow and can be styled the portal mosety of the organ  The
functioning portal vein 1s nowhere near so wide 1 vessel s the functionming
umbthical vemn, 1 figs 35 and 36, for mnstance, which are tahen from the
records of 2 140-days’ lamb, the calibres are as 3 to 5, t e the cross-sections of
the vesscls are 1s g to 25 or, roughly, 1 to 3 At 1ts termnation, which 1s not
far inside the I er tissug, the portal vein sends 2 number of fur-stzed offshoots
to the right mass wnd the caudate process (figs 44, 35a)

In each of two mature foetuses specially studied, the umbilical and portal
moieties were clearly demarcated as 1 result of mnjections made nto an um-
bilical vena comes and mto the man mesenteric vem respeetinely g 36e
1s a frame from the record of the first foetus, 1t shows the umbilical injection
before the demarcation of the umbilical moiety had been completed  Iig 350
1s a frame from the record of the corresponding mesenteric injection , 1t shows
the portal moiety nearly fully demarcated From the double records of this
foetus 1t was possible ta construct fig 45, which served 1s a guide for the past
mortem diviston of the fixed hver mnto its two moteties  The two parts were
weighed and were found to contribute 70 and 3o per cent respectively of the
total hver weight  The correctness of the division ws proved by subsequent
probing of the umbilical and portal offshoots  In the second foetus, the per-
centages were yery sundar, namely, 67 and 33 P

So far, the afferent arterial supply of the Irver has not been mentione n
a number of instances the caltbres of the functionmg hepatic arteries hxv¢ been
demanstrated by the entry of contrast medium into these vessels  As 1 result,
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Fic 4, —Sheep foctus 140/147 days
record of an umbilical vern iyection
vean DV ductus venosus
3ppar ntly 1nto 1ts term nal left 1S andnght 3 D dnisons  Scale = cm on
rabiographuc record

Frame from a direct cineradiographic
“The foctus 13 Iving supime U3 umbitical
€ postenor eaval channel bifurcating above

at the sne of the “hipping * As the Nuffield Institute team included no
Tistologst, the further 1y estigations were put 1n the hands of Barron and of
Amarose whe independently found adequate microscopical evidence of the
presence of 2 sphuncter  exactly where the macroscopic and radiographic
studies had indicated that one should eust  In consequence the physiological
story was released for publication (Barclay, Franklin and Prschard, 1942 a),
1t 15 to be found 1n the later chapters of thus

A photograph of the sphincter occluding part of the opening from the
umbilical ven mnto the ductus 15 reproduced as fig 48a  the appearance 1s
somewhat remntscent of that of the ins of the eve, but the analogy should not
be pressed, for there are no radial smooth muscle fibres 1n the sphmcter and
there 1y at present no clear cut evidence about 1ts innenvatton 'L he degree of
contracion evhibsted by 1t vanes according to crrcumstances Histologieally

ve—6
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than the corresponding afferent veins The mam hepatic veins, at ther
tcrrtmnatlons, are nearly as wide as the postertor vena cwva with which they
unite

Before passing on to the next section, one may note that the radio opaque
medium, thorotrast, fter mjection nto the crrculating blood of the foetal lamb,
15 not removed from 1t and concentrated 1n the liver and spleen  This 1s 1n
marhed contrast to uts fate 1 some other animals, e g post-natal hittens and
adult cats and dogs (Barclay, Franklin and Prichard, 1942, ¢), 1nd 1t would be
of mterest to discover the reason for the difference

() THE DUCTUS VENOSUS!®

Klages (1931) gave 1n earher account of this channel He exammed twelve
lambs that died one or more days after birth and found that one of them
showed no trace of a ductus, such a finding must, one 1magines, be 1 rare one
m this genus  Klages described the channel 1n a 24-hours’ lamb as follows
It anses s a vessel of 6-7 mm 1n calibre from the junction of the umbihcal
vein and the “ pons intervenosus ” [sinus mtermedius] For 10-12 mm 1t
continues 1n the hne of the umbilical vein, then bends at a right angle and,
finally, increased to 8 mm 1n calibre, 1t enters the posterior vena cava on its
wvisceral side 1n the middle of the dorsal border of the liver It distributes no
offshoots

As 1 result of their radiographic and anatomuical studies, the present writers
are 1n 1 position to say much more than Klages could  In the lamb the ductus
appears to increase 1n absolute size, and to function as a short-circuit between
the umbihical vein and the posterior caval channel, right up to birth  When
contrist medum 1s 1njected 1nto one of the umbihcal venae comites, that part
of 1t which goes through the ductus readily outdistances the remunder which
mhes the hepatic ciremt  This 1s seen not only m the lateral radiographs
(e g 1nfig 36a), but 1lso 1n the few ventro-dorsal ones that have been obtained
(see, eg, fig 47) Ths last figure also suggests that the functioning ductus
1s not apprectably nirrower from right to left than 1t 1s ventro-dorsally , thts
1s of 1mportance 1if one 1s to visualize the channel 1n a three-dimenstonal aspect
In the seasons 1938-g, when co-operating with Barcroft and Barron, the
present writers made no very serious exammation of the anitomy of the foetal
lamb  Before the next season, prelimmary historical studies had not only
provided a number of physiological questions to be answered, but had alo
shown, very clearly, that anatomical investigations must be carried out part
passu with the more functional ones It was some rather funt recollection of
Bichat’s statement about the ductus that led to 1 more detailed cxamination
of 1ts beginning 1n a senes of fived specimens, a passing reference was made
almost at once (Frankhn, Barclay and Prichard, 1940) to the ﬁndl‘l"lgs, but 2
proper 1ccount of them was deferred, for as yet the function of the “ lipping
at the begmnng of the ductus was not known  Shortly afterwards, however, a
more thoroughgong eximnatton of the radmgmphxc‘ records scgurehd n the
1940 se1son showed that there was reason to suspect a sphincter mechinism

1 In addition to the figs referred to in the text see Plate V and figs 8o 81 83 83
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d (see, e g,
diopraphs that have been reproduce 5
are ol cb‘(;ousol rt)h‘?r:: rrl:)u;e?d lf%gr f\gnher comment on these :’imturgsI “;I;{:Z
ﬁgs g\él engs stu the left of the opentng of the left hepatic vein, andy entra

an!
;ostenor venn cava (fig 42d)

(+) THE POSTERIOR CAVAL CHANNEL AND 1TS TERMINAL BIFTURCATION
\

ns for ntroducing the term * postenor ¢wal
hTherle, are’r;he{%isin:tl'r;h?sa:?s that, 1n the mature foetus, the meeting of the
: ann;e atic veins the ductus venosus, and the postenor vent cava 1s1tu '}Jf
r::gg;dedpas 2 umon of vessels rather than as an entry of subsidinny \cssc"; (t Ict
hepatic veins and the ductus) mto 2 mamn trunh (the postehnor‘) ena c'nD -
15 logically necessary therefore, to find some term other than postcnhr o
cava ! for the vessel formed by the unon  The second reason ‘bsl‘ alt 1S
<essel 15 functionally more tmportant as a continuation of the umb 102}1] \e;ln
¢han as a contnuasion of the posterior vena cava The third reason 1s that ¢ ?
channel termmates within the heart beyond the accepted anatormnical himts of
0T Vena Cava
thi\xgat:?gard to the first of these pomts one can sav that 1n the luing foetus
the posterior vena cava tends to be wider than any of the other three vessels,
but that often there 1s not much difference 1n calibre between 1t and sav, the
left hepatic vern  This concept of the vena cava as merely prima inter parcs 1s
strengthened 1f one examines a fresh specimen  The vena cava 1s seen on the
Qorsal aspect and ventral 10 1t from left to nght, are the ductus venosus and
Teft and nght hepatic vens  The four channels are separated only by thin
merabranous septa that must yield freely to permut variations 1n the individual
blood flons  The free borders of the septa are at approximately the same level
though this 1s subject to mdividual sartations  Incidentalls the directions of
the long axes of the four vessels are such that blood moving caudally 1n the

postersor caval channel goes more readily into the vena cava the ductus and
the left hepatic vein than 1t does o the 1

ght hepatic vemn (Barctay, Iranklin
and Prichard 1942 ¢)

With regard to the second pomt, the most important part of the blood that
flows through the posterior caval channel 15 obvsously that coming directly
(v12 the ductus venosus) and mdirectly (via the hepanc veins) from the cotylé-
dons for 1t 1s this blood that carrres fresh supplies of oxy gen for distribution to,
and by the heart  So functionally the channel has 1ts major sigmficance as the
terrmation of the pathway from the cotyledons to the heart 1t 15 not posstble
at present to say at all precssely what percentzges of the total flow through the
channel a;c cgntnbuted by umbghlcj:;‘l blood and by blood from other sources
respectinely  but 1t appears probable that the u
e % ¢ gortzond(see E }1’2} are 1;\)] 4 the umbilical flow contributes the

uh regard 1o the third point, the combined ductus ven
Postenor caval flow cannot be described as has g reached th(()as:tsr’xah \?;xaetxllcxta}?:g
x::gl;ead the acce‘;;lted :1r\atlarmceﬂl terlmmatmn of the posterior vena cava Tor
n remoy ¢ this vessel complet
Promnent ndge on which the ﬂpo“ Cd} (ﬁg 49) e see vihin the heart the

ides into left and night termunal streams
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Fic 48 —a Sheep foctus nearly full term  Somewhat oblique view of umbihical vein UT  opened
up to expose ins lihe sphincter (centre of fig ) at beginmung of ductus venosus  Scale m mm & Sheep
foetus ne:;r]\ full term Longitudinal section (top of fig cranial bottom caudnl) across junction of umbilical
vem UV and ductus venosus D17 to show smooth muscle sphincter § at beginning of latter
Note more pronounced concentration of circular muscle fibres of sphincter on cramal aspect and widenmg
of ductus venosus d: pronimal to sph Oc ocdema (sec text) IIT  hepatic hissue

Seale  rmm

(fig 48b), 1t 15 scen to be a reluvely strong, localized collection of circular
smooth muscle fibres, separated by an oedematous Iy er from the hepatic tissue
proper, the vasculanty of the surroundmgs 1s noticeable  According to
Barron (1944, 278), the nerve supply 1s vin fibres which course with the two
vagt but therenfter unite to form 1 separate nerve  These fibres have endings
of motor type 1n the musculature, and the absence of demonstrable ganglion
cells suggests that they constitute 1 post-ginghonic sympathetic, and not 1
pre-ganglionic  parasympnthetic, mnervation  This suggestion 1s m line
with the results of vagal stimulation mn the nech region of the lving foctus,
for radiographic records made during such stimulation fuled to show any
contraction of the sphincter (Barclay, Franklin and Prichard, 1942, ¢) On
the other hand, further work 1s probably required before one can accept
such negatrve findings as final  In Amoroso’s view, the oedema round the
sphincter 1s very possibly concerned m the functional closure of the ductus,
but 1t the moment he 1s not prepred to say more thin this

At 1ts onigin, with the sphincter uncontracted, the functiomng ductus
venosus has a calibre nbout one-third of that of the umbihical vern at its entry
mto the Iser  If one ssumes, 1s seems justified by 2 comparison of Jateral and
ventro-dorsal radiographs, that both channels are more or less crrculr n
section, then the cross-section of the ductus 1t 1ts beginning 1s 1bout one-ninth
that of the umbilical vein at 1ts entry  The course of the by-pass, 1ts marhed
bend, and 1ts tendency to wncrease 1n cilibre 1s 1t passes towards the vena ¢,
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Rey to Fig 53

15 59-55 —Sheep foctus nearly full term  Syccegene S1RCs 1N dissecticn (e Ax1) of dorsal agpecy
ofﬁem indséuu e s To show the last pare of the postertor cayg) channel' 7 ce” B IDIra cardipe
b furcat o and 1ts Jeft and night terminat divsions 4 C antenor eava] ¢p nnel R4
Stoum and 1 entrele R1 night atno sentncular vafye g A auncle of Ieft atrium
Ly Icfnmumlnd\entncle PTr Pulmonary trynk RP4 Lp ! nghtang kflpu!rrnnar) arten;

ductus anteriosyg PIRI R, Rzand , 1 LzpL, pulmonary Yeins drasnmg Fespectinely

the righy amcal card ac diaphragmat ¢ and intermed ate lobes ang the left d:aphnm’nnlxc €ardiac ang

apical lobey worta BCA brachiocephpls arte, the frec or apposape POrion (pars | bery)

the $12 ginistry gp left term nay diuigion of the POsterior caya) channe] ¢ Madextry o Tight termangy
9 ton 1y indicated by the rightarrow in the key to fig 53 bealein em

8
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Tlc 49 —Lamb 2 days post partum  View looking cransally of heart and lungs
transected ta show duviding nidge or cnistadinsdens C D of posterior eaval channel
the posterior vena cava itself has been entirely removed R A nght atrium
CL 4 cavay of left atnum 'S coronary sinus  C V' coronary vem
o l, M t’)bhque vun of Marshall (main_szygos dramage route n_this genus)
RV LV nghtand left ventricles RPA LPA nght and left pulmonary
arteries 4 aorta R Br L Br nghtand left main bronchi  Scale in em

Developmentally, the right and left terminal channels have not the same ongin
as the venn c¢1va, so one should not speah, 1s Kiln, for instance, did, of this
vemn dividing within the heart The posterior cnval channel, on the other
hand, c1n be defined so as to include functionally stmilar, of developmentally
different, structures

Tigs 50-53 show successive stages in 4 dissection specially made to demon-
strate the last portion of the channel, its intra~cardiac brfurcation, and its two
termmnal divisions  ‘The specimen was 1 nearly full-term foetus Iig y0
shows the dorsal aspect of the heart and great vessels, even from the outside
one recerves a suggestion of the division of the channel In fig 51 the nght
group of pulmonary vemns (sce section vi below) and part of the left atril wall
are retracted to expose the left termmnal division of the channel (in current
termmology the foramen ovale and 1ts valve)  In fig 52 this tubular passage,
with 1ts “cords ” or ““ guy-ropes,” 1s better seen, for the whole of the dorsl
wall of the atrium has now been removed, the tube in this specimen 1s not
fully dilated  Before fig 53 w1s made, the dorsal walls of both anteror and
posterior caval channels weére remos ed, ana the beginning of the right terminal
diviston of the latter 1s apparent Finally, fig 54 1s 1 photogriph tiken,
without further dssection, from a more caudal aspect  One can see the ridge
at which the channel bifurcates, the opening (*) of the coronary sinus, and the
tree-lihe appearance of the wall of the auricle of the right atium  There 1s no
Eustachtan or Thebesian valve

The term ** postertor caval channel ” can be latimized as *“ canalis posterior ”



R
CARDIO\’ASCULAR SYSTEM OF FOLTAL LAM

teords™ O h“ g“"‘l
opes | pass to the atral
all (figs sz-54) Each
such  cord, according
ts Learh {mn Trankhn,
Barclay, and Prf\c’mfrd
1940} conssts of a few
ngdl)ﬁc muscie fibres
enersed 1w a4 wider Javer
of collagen fibres  The
former are not identt
fisbie as Purhie fibres
whith 15 not surprising
as such fibres develop
well onfy n the adult

As the collagen fibres
would presumably pre
vent the contraction of
the few small muscle
fibres, the latter could be
looked upon as con-
ductde”  Inthe mature
foetus there 15 a far
amount of muscle w the
apposable portton of the
via sistra Both this
fact and also the precence
of the «cords’ have
been mentioned at m
tervals from the seven-
teenth century onwards
Mosca (xgx.% Was per-
haps the last to do so
before 1940 There are
a few more pownts to
be noted about the via
sistra The ficst 1o that
the entry mto 1t may be
arcular or_ellipteal 1
contour  The second 1s
that there 15 a marked
diminution in the calibre
of the tube between
is beginning and s

sh

87

g ] 2

J klm

FI6 §5 —Sheepfoctus ¢ 140 147days Thotograph taken from the
leftade of the heart with the suricle of the Jefe atnum removed to
expose the fully of en twhularvia simstra { foramen ovsle ) Unfor
tunately the guy ropes  runming from the free edge of the tube to
the atna) wallhad been remoted for section before this photagraph was
taken @ nght verencle & pulmonary trunk ¢ left pulmenary
artery 4 brachiocephalic artery ¢ ductus srtenosus £ descenduing
anrta g left ventrele & §ne of evsection of ayricle of left ataum
¢ tubularvea mnistra f edge of cireular retess yn which ke the sia
s mustra and the entney of the pulmenary veins deasung the tight apeal
and cardiac Jobes  k one of the \ctns from the left luag  { postenior
aval channel 7 lefemam Eronchus  Seale

termination  The findmngs 1n 2 particular foetus, 1n which the via was fived
i the fully o

pen poson (fig 53) can serve as an example
ot duameters of the elliptical entry were 10 and

The long and
7 mm respeetively, the 1ol
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The prominent ridge has been styled, 1n accordance
b ith its radiographically determined  functoon,

crista dividens * or “ the dividing rdge”  The
left aind nght terminal dinisions of the canalis
posterior require shorter names for general use, nd
mn the rest of this book they will be called “3ia
smistr1” and “3v11 destra” respectnely  With
the nomenclature to this extent settled, one cwn
proceed to defimtions and descriptions  The pos-
tertor caval channd begins at the union of the
ductus venosus the main hepatic veins, and the
postertor vena ¢t Over the greater part of its
length, 1t lics i the furrow provided by the nter-
medinte lobe of the rght lung  Within the heart
1t bifurcates, at the dividing ridge, into a via siistra,
leading 1nto the left atrium, and 1 via destra, leading
mto the right atrum  The drviding nidge 15 the
curved, free, caudnl edge of the inter-ntrial septum,
unsttisfactorily styled 1n the past “isthmus of
Vieussens,” “ innulus fossae ovalis,” and the lihe

ettt Its appearance and he are adequately shown in
e 53 —Sume us fig 53 but figs 49 and 54 The via smistra 1s composed of a
o] e e e ore *“pars firma ” or ““ fixed portion,” which 1s put of
druding ndge orenstadividens”  the 1interatrial septum, and 1 “ pars libera” or
el e pogtonior wval “free” or “apposable portion ™ (the so-called
coronary sinus  Secale m em “valveof the foramenovale”)  The term * foramen
ovale "’ 1s not a good one, beciuse

(1) 1t has hd, and stll does have, too many connotations (Patten, 1931),

(2) the epithet * ovale ™ 1s not 1lways correct ,

(3) 1t grves no dication of function, and

(3) 1t focusses attention on one terminal division only of the posterior cavil
channel, and so perpetuates the 1symmetry of the past outlook on the posterior
cval mflow

The term “ valve of the forimen ovale " 1s not 1 good one, beciuse

(1) 1t 1s hnked with the preceding one, and

(2) 1n the limb 1nd 1n many other anmals, the structure in question does not
have - valvular 1ppearance

TThe posterior caval channel mclines shightly to the left as 1t passes cranually ,
the via simustra inclines more to the left and nlso somewhat sternally, but 1ts
matn direction, too, s cranill  The via dextrn, on the other hand, begins by
dwvergmg somewhat to the nght and ends by bending sharply towards the
sternum_ Hence the via sinistr1 1s more m hine than the vi1 destr with the
postertor caval channel, and this disposition of atself favours the passage into
the left atrrum of the bulk of the posterior caval flow  The vi1 siustra 18
perhaps, visible 1n fig 47, both viae, apparently, are visible 1n fig 30  Just
before the via simstra opens 1nto the left atrium, 1ts apposable portion often
shows fenestrations, and from the free border of this portion one or more
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about 30° with the mud Lae, runmng from sbou* one o'cloch t{]nm:%\\ t::ssc; Lc:“
o cloch caudally  From the dorsal aspect the rotation 18 cq;'x \1 ol \mn ;mrr;
cg fig 52) butnow, of course 1t 15 counter clochwise 1e the phane r}u s!
Jeven o'cloch to five o clock  In consequence of the rotatton the right a réum
and 1ts auncle and the nght \eatricle Iie more crarmally than the corresponding
left chambers as one can see 1n the latera radiographic records

\Vhether or not the wo ventricles have equally thich walls in the foetus, 1s
Spigel Harvey and others after them clamed 15 not easy to decide, for the
general plans of the tho cavities are different,and 1n consequence 1t 1s difficult
to hnow where to mahe comparable crass sections of their walls  On the other
hand, there 15 no doubt that the left ventucle of the adult 1s much thicker-
alled than the right, so panity or slight disparity 1 the foetus changes to great
dispanty 1 the adult

(vn) THE LUNGS (fig 56)

The lungs arc not adherent to one another at amy pont  The nght lung, 15
apprecubly farger than the left lung, the former consists of four lobes, the
latter of three  On each side 1if one follows the terminelogy used bs Sisson
(1940) there are apical cardhac, and daphragmatic lobes , on the nght side
m addinon there 15 an ntermediate {or mediastinal or azgos) lobe  The
nght apicat Jobe overlaps the sternal mid hne and there 15 2 corresponding
reduction 1 the more cramal part of the left lung A considerable portion
of the nght apical lobe hies cramal to the heart, but on the left side 1t 15 onh
the dorsally placed apex of the lobe that does so The lungs cover the heart
10 an extent that vanes with the ndinidual, but the left side of the viscus 1
invariably more exposed than the nght side  The lobutation of the tungs 1s
purcepuble on the surface but 15 far less marked than in some foetuses, e g
theT t;c\ g\e " ’

e degree of separation of the lobes of the nght fung 1s const
sanes somevhat with the sndisdual — The aprcal %obe 18 gcm:m:sl\d::%&:ilf‘: \ge\i;

by a parual fissure mto cramal and ca
mdal pornons  somets -
disided 1nto three portions s e Mg sub

It 15 supphied by an apical bronch:
the sternal bordets of the apial and carduse lobes 12 the nght c\;srdmgerlx‘(:tec?
?temal to which project parts of the right and lefi venindes  The 1ntermediate
obe provides a furrow 10 which hes the mayor part of the postertor cal
chonnel  The Le of the vessel 12 constant, that of the lobe vartes hence th
e\;’;Ig}tl rellagxon (i)f gh? l{ulic to the vessel ts sarmable ! e the
e Jobes of the left lung ke those of the right lung sh
(::ﬂs[fg?ggté:r:},) :nui 1:‘ 1s mulclh more[marked bet%\een ﬁ%esca(;‘t;l:c‘::;tgis;%;?
et cen the apreal and cardiac lobes  Indeed .
iﬁiug "z: L::‘sctlmcgulsh th«'w-: twalast  The left cardiac notchels t:é;esl? Rzzr?ﬁ
exposes derable parts of th
ventricles and of the aungh 4 e el and teft
ot peia ot tm:‘}:m e of the left atnum, as well as the root (fig 566 P)
The freshh remoted lu

ngs Al
stk when placed 1n water 8 appeat darl. and compatt and sections of them
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length of the pars hbera between its attached and free borders was 10 mm
The tube decreased n calibre m the first half of 1ts length and had a umform
diameter of 6 mm from there to 1ts termimnation  In other foetuses one has
seen 1 more gradual decrcase i calibre, 1n others again an il decrease
followed by a slight increase, and then another decrease But alw1ys the et
has been narrower than the entry The third pomnt 1s that the pars hbera
contributes the major portion cf the urcumference of the tube , m ane case as
much as sn-sevenths were provided by the pars hibera and only one seventh
by the pars firma Normally the dispanity 15 less, but the proportions are
always such that the fully open via shows up as a distinct tubular structure on
the inner wall of the left atrium  The last point 1s that the free end of the tube,
1n the lateral projection, almost overlaps the first portion of the aorta, m the
lateral radiographs (sce, eg, fig 358) the shadow of the left atrum, which
extends beyond the end of the tube, may prevent one from getting a clear view
of the aortic valve

There one may leave the via simstra and pass to the via dextrn  In the
human foetus, and 1n all others stmilarly possessed of a Eustachian valve, the
tight-hand channel, like the left, 1s composed of a pars firma and a pars libera
(1e the valve), and can be regarded as termiating, so far as the latter 1s con
cerned, at its free border  In the foetal lamb there 1s no Eustachian valve, and
even a projection that some writers have tahen for the rudiment of this salve
proves, on probing from the outside, to be nothing but a slight infolding of the
wall  So there 15 no trace of a pars libera viae dextrae in the lamb  The pars
firma, on the other hand, can 1n all foetuses be regarded 1s ending where the
night termunal diviston of the posterior caval stream meets the anteror caval
stream, 1€ 1t the crista interventens (tubercle of Lower) This 1s described
1n greater detail below, so two further notes will suffice to concluae this account
of the via dextra  The first concerns 1ts relation to the opening of the corenary
sinus  Inafigure referred to earher (fig 54), the opening appears to be actully
within the via dextrn  If, however, one looks at 2 transverse section through
the heart and lungs at the level of the crist1 interveniens, one can see that tl}?
opening of the sinus lies sternal to the medial part of the via and 1s itse
unrelated to the crist1  The second pornt to be made 1s that the vin dextra1s 1
compratrvely short channel

(viy THE HEART IN GENERAL

In thus section a few general points only al‘(i noted,gor %e;a;ls of the mdrvadual
so forth are more approprately considered Iater
ChX:E?sl:;ﬁ; seen 1n 1arous Iageral I:admgmphs, the heart mnclines c’lud'll}i)
from base to apex and there 1s a considerable iterval between 1t and tke
diaphragm dorsally, though only a very small onc sternally When one Joohs
at the organ from the sternal aspect, one can note the following further points
The apex, which 1s formed by the left ventricle only, lies erther n, or only just
10 the left of, the sterno-dorsal mud-Iine of the body ~ The heartdmlass 1; :i
whole 15 more or less symmetrically placed on esther side of this mid- me,l uf
the plane of separation of the ght and left sides of the heart makes an angle o
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FIG 56 —Shecp foetus ¢ 120/147 days Photographs of exsected thoracic viscera from night a left &
sternal ¢ and caudal 4 aspects RI 3 R4 nghtapical cardiac draphragmatic and intermedtate
lobes respectrvely  Note that R rin this genus overlaps the stemalmid hne It L L 3 left apical
cardiac and diaphragmatic lobes respectively P C C  posterior caval channel 4 L A auricle of the left
atnum RV nghtventricle LT leftventncle P pulmonary trunk A sorta Oe oesophagus
Th thymus Scales in cm
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(:m) THE PULMONARY VELINS AND THE RELATIONS OF THLI
OPENINGS TO THE VIA SINISTRA (fg s57) :

The pulmonnry vascular arringements are patterned by the Iobation of the
lungs  The vems from the different lobes open nto the lett atrium 1n three
groups, namely, right, caudal, and left

(1) The 11ght group —T'wo vems, the more cramal one from the right apical
lobe and the more caudal one from the night cardiac lobe, pass separately
alongside, or through into, the ndipose tissue that lies berween the antersor
caval channel and the v1a dextra, 1e between the two surfaces of the crista
mterveniens (tubercle of Lower) Before reaching the left atrum, the two
vetns unite and therr common trunk 1s 1n very mtimate relation with the dorsal
and left surfaces of the more caudal portion of the via simistra  or over this
part of their course the leftwards and sternally coursing pulmonary stream 1s
separated from the more or less cranally coursing stream 1n the via simstra
merely by the pars hber of this channel = In addition the base of the tubular
via smstry and the entry of the pulmonary venous trunk are enclosed by a
marhed ridge i a common surround  So 1t would appear that the posterior
caval mflow must, creterss paribus, be reduced 1f the pulmonary venous return
from the right apicl and cardine lobes increases, and vice versa

(2) The caudal group —This 1s formed by two very considerable vemns that
drun the night and left diaphragmatic lobes respectively, and by 1 relatnely
small vein draining the intermediate lobe  This third vessel opens mto the
vern from the right diaphragmatic lobe just before that vessel umtes with the
corresponding one of the left side

(3) The left group —This 1s formed by two vens that dramn the left apical
and cardiac lobes respectively , they unite just before opening into the atrium

Though the vemns of the right group are the ones 1n most intimate relition to
the via sistra, 1t appears probable, from a consideration of the lies of the
vartous channels, 1nd also from post mortem injections mto the vanous
pulmonary verns, that each of the three pulmonary mflons may 1mpinge upon
the pars libera viac smustrae from different directions  Part of the common
surround for the via simstra and right group entry 1s contributed by the nidge
i which les the large coronary sinus, and the caudal nd left groups 1rc
separated by 1 mmor ridge running from this main ndge

(ix) THE LLTT ATRIUM

The left atrium, hibe the right one, cin be regarded s composed of 2 sinus
venarum, mnto which varsous vemns discharge, and an wricle, which by 1its
structure and position 1s more fitted than the smus to vary m yolume  Some
of the lateral radiographic records (e g fig 58) give an 1dex of the extent of the
functioming left atrum but, oning to the rotition of the heart on 1ts long s
(see section v1 1bove), the auricle does not show up separately n these records
as that of the mght atrium does 1n simlar Iateral ones (see below) This
correspondence of the lateral projections of the whole left atrum 1nd of s
quricle 1s obvious 1n dissections (see, e g, fig 598), for when one looks at the
heart from the left side all that one c1n see of the atrum 1s its auricle, which
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Fic 60~—Sheep foetus nearl; full term
2 s de to side cut 1n order to display
anteriot and posterior caval channels A R.A
pening of cotonary sinys AL A auricle of leftatum L1
divided at level of pu 3 vahe h

View of dorsal part of thorax and thoracic viseera exposed by
the cnsta interveniens C I or tubercle of Lower C P

cC
aunicle of pight atoum  C D cnsta dividens  C.S

left ventncle P77 pulmonary trunk
joartery Lz left cardiae lobe  Scale an om

tertor caval channel,;’ may be defined as beginning at the accepted anttomical
beginning of the antenor vena ema It inclines more and more to the nght
a5 1t approaches the heart and 1t also bends sharply towards the sternum in the
termunal part of 1ts course (figs 6o 63, 61), widening as 1t does so It termin-

ates cramally at the auricle of the right atium and caudally at the tubercle of
Lower (crista 1nter emens)

(xu) THE CRISTA INTERVENIENS

Theterm  tuberculym mntervenosum,’ given by Lower, has two drawbacks
The first 1s that ¢ tubercle™ 1n current anatormcal lterature has scarcely
the meantng that tuberculum’ had for Lower This difficulty led Tandler
{1913) to suggest the word ““ torus’ as an alternative but “torus” wtself 1s
not a term 1n very common use  The epithet  nten enosum ™ coupled with
Lower s own description 1mplies that the tubercle 15 the meeting point of the
anterior and postenor venae cavae, a view that one must now discard on
embryological grounds  The term emploved by vetenman, writers (Sisson
1940) 15 cnsta ntervenosa , ‘cnsta” seems better than “ tuberculum ’
of tomis - but ‘ menenosa’ 15 mappropriate, as already stated Th
name finally suggested by the present wnters was “ crista inters enens y
the ndge that intervenes betw een the antenor caval channel and th nsd o
\niht terminal déuslon of the posterior caval channel ¢ via destra
ower gave a drawi R

and sxmxlgr pronogt;dncgr?nfm:é)(;%s 61’)1'}‘;\‘: ‘Z;g {:: Totmh;;:ggt\\s I?l: "ll‘he sheep
i ith a dra

n a foetal lamb (fig 62) Itisalso apparent n radiographs (figs 63‘“6n4g) 2§
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reaches up to the caudal surface of the pulmonary trunk and in so doing corers
the aortic valve and the beginning of the nort (fig 58)  On its dorso caudal
aspect the auricle 1s n direct relation to the muun azygos vem (fig 595) The
wall of the auricle 15 trabeculated and between the ndges so thin as to be
translucent  The sinus venarum s the site of confluence of the three groups
of pulmonary veins, and the tubular vi1 sinistra of the posterior caval channel
1s on 1ts medral s;ide  The mamn azvgos ven enters the postersor wall of the
stnus venarum nd passes across, sternal to the pulmonarv vern entries and the
V11 sunstra, to open into the coronary sinus  ‘The course of the azygos vein
and of the coronary smus shows up as 2 marked ridge on the inner surface of
the left atrium (figs 574, b)

(x) THE LEFT VENTRICLE

There 15 not much that one needs to say about this chamber  Viewed from
the outside (fig 59}, 1t 1s impressise, but its actual cavity 1s comparatively
small, both 1n the dissected specimen and also, to judge from the extent and
denstty of the shadow of mjected contrast medum (see, e g, fig 38), m the
Iiving ammal  I'rom a study of all the as aulable records, one gets the impresston
that the blood tends to take the shortest route to the aorta, 1 ¢ that 1t ships round
the free edges of the atrio-ventricular valve cusps and so up iato the aorta m
preference to proceeding first towards the apex  This seems a very nmatural
tendency when one studies the lie of the parts 1n the dissected specimen

(v1) THE ASCENDING AORTA AND ITS BRANCHES, NAMELY, THL
CORONARY AND BRACHIOCFPHALIC ARTERILS

The aortic valve has shown up clearly m some of the radiographic records,
and so have the beginnings of the coronary arteries Thereafter the aor}:a
gives off only one branch before 1t unites with the ductus artersosus to form the
descending aorta This branch, which 1s of apprecuable calibre (see, ¢g,
figs 58, 185), 15 the brachiocephalic artery , 1t corresponds to the human
mnominate, left common carotid, and left subclavian arteries and supphes
manly the head and anteror extremities Its importance from the radxk(‘);
graphic point of view 1s that 1t shows up when contrast blood goes throug ‘h
left side of the heart but 1s not outlined when such blood goes through the right
side of the organ  Hence 1t 1s a gurde to the functional state of the via smlstmi
if the jection 1s such that 1t reaches the heart through the postersor <:zu:1
chinnel  After gring off the brachiocephalic artery, the aort1 s still 1 \e:.?l
of considerable calibre, and from 100 days (the earhest foetuses person'tth;
investigated) to full term (147 days) an apprcc&able flow passes through 1t worta
descending aorta  In other words, Kilan’s concept of a separate a
cerebralis 1s quite unjustified

(xu) THE ANTLRIOR CAVAL CHANNLL

»

The reason for introducing the term ¢ mn.fnor }c].nal chgnnel 1sfs:}r:1011:gntg
bove, for the mtroduction o;

e third reason, given 1 section (v) a 3 Jerm

EPl:mtstermr caval cgh:mne) " The canalis antertor, if one thus Jatimzes * an
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Af
third of the circumference of a arcle, with its coneavity facing CCt

2 pont somewhat to the right of the steral mud line ~ Dorsal !
topthe cnista 38 a smatl masf of adipose tissue, as Lower stated, }\_C
1t would appear to be paching deposited m 3 small carter that '

1 left between varous blood channels  On the nght sde, !
where 1t faces on 1o the medial surface of the nght lung 115 ,
more or less tnangular m shape with the buse of the tnangle avM
hang dorsally  The refattons of the varwous nght puimonary

5. i
veime and artenes to the base are shown o fig 62 Viewed \‘/\(
n 2 transserse section through the heart and lungs, 1t agan \’f\
appests more or less tuangular, but this time the base of the R
trungle lies <termally  Considered as a whole, the depost of
adipose tissue 15 roughly tetrabedral , 1t 15 1 relation with both 0

1

'

)

7
————

the anterior and posterior eaval channels the cnsta drvidens, and
the veins from the nght apscal and cardiac lobes

() THE AZYGOS VINOUS SYSTEM

The arygos venous dranage has been strangely neglected in
accounts of the foetal crrculation  The present writers had
therr attention drawn to 1t i radiographs of injections o
other systems , thereafter they examined it 1n detail 10 two fixed
foetnts It 1s described here because Wl the azggos flow passes, o]
diectly ar wndurectly, nta the nght atnum, which 1s soon to Duapm e
be mentioned (section X1 below}

In the mature foetal Jamb the azyvgos system 1s campased of AU
:h%eetpans, ngmel), 2 (]:aud)::l and a cranal left vein and therr 0% channel
ributaries, and a cransal right vern and its tnbutanies {Bg 65

£\

(1) The caudal left ven —This begins by the umo(ngof :Lq W% ¢
smill nght and left branches the latter ansing caudal to the cords © G
thirteenth costo v ertebral articulation the former first appearing  Soronary sinus
ifmlf \\33 across the vertebral column  The common remn sq o™

ormed passes up alongside the ao:

:\tklyom thlz fevel gf the gﬁfth costo:l \retft'eg:‘:e:n?z\ilra:x}:; nt)&fno{ thz Ifeift lung
the dorsal border of the left atnum s caudally alon
erforating the
?nnd finally unites with the vena magnapcordns at %hc bepgex:g?r:d‘s;nﬂin w}domlg,
rge corona e relative
i ry smus At us arch this azygos vem 1s about 25 mm ““

dumeter, 1€ 1t 15
a large vessel for a foer
tnbutanes are shown in it Themdlrecnons of the
1s $ixteen, seven

the fi

ng(ht an? are sho gure , the total number of the:

2) The cramal Jeft o ~This

- recenes three toh

}E\:‘ ‘f](;:r‘\hh\hnd, and second left nibs respectny el; u:;:rslzjt\dtmt o saudal o
further ‘g‘ m):?: g’“ )xle; similarly 1 respect of the first nhc mi? : Zn.es\es by
> irectly gt receives its drawmg, enters s

Y
ung;mﬁ::y frlacr}::?nd ’s::me“hat %nhore cranually \%\an ‘\‘g:;eal))bcllt eners the

right vem —This re e
. cenes tril

¢ upper sk night tubs and arches oyer. abl;v.&ar:ﬁ i e coudl.to
e s e Jesel of the first
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Fic 63 Fic 64

F1e 61 —The intervenous tubercle {crista interveniens] as prctured by Lower (1669 Plate I fig 2) 1
pronograde mammals @ trunk of the ascending vena cma [postertor caval channei] & trunk of the
descending 1ena cava [anterior caval channel) ¢ the swelling (tubereulum) separating the two vens  d
right auncle ¢ foramen ovale [via simstra] £ the opening of the heart [1e the entry into the nght
ventricle] g coronary vein [sinus] & the heart e the ventrrcles)

FI16 62 —Sheep foetus 140/147 days Drawing of a Lower dissection of the heart etc A CC

C C anterior and posterior caval channels C 1 crstainterventens | S vasmustra C8 opening
ofz::onar) simus. RA ARA nghtatrumandstsaunicle RV LT nghtand left venteicles  Scale
n

F1c 63 —Sheep foetus 139 147 days  Part of frame from direct cineradiographic record of mtra vitam

1njection of contrast medium into jugular vein  The njection has been a little too forcible and the medium
has gone past the crista interentens into the posterior caval channel  Scale = em on radiographic record

F1c 63 —Sheep foetus 135,247 days Similar to fig 63 but more contrast medium has gone past the
cnistaintersentens  Scale = 2 cm on radiographic record

foetal lambs, intravenously injected with contrast medium  I'mally, there1s 1
photograph of 1t 1n 1 foetus fixed m situ (fig 60) In this last figure one sees
the crista from the sternal aspect, and 1t appears as a fairly straight line sloping
shghtly caudally from left to nght This slope emphasizes the tendency,
nitated by the general direction of the ant-rior caval channel for the blood of
that channel to go over to the right side of the atrium  If one looks 1t the
crista from the cramal aspect, 1t 15 seen not as a straight line, but as about 1
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(wm) THE PULMONARY TRUNA

The term * pulmonary trunh ” 15 somew hat of 2 rusnomer when 1t 1s used in
relation to the mature foetus  For, though 1t grves off a large common pul-
monars artery and the pulmonary arculation 1s an apprecable one, the main
function of the tranh 15 to transmit the major part of the night ventricular
output to the descending aorta through a ductus arteriosus which, in the lning
ammal has a cross-section greater than the combined cross-sections of both
pulmonary arteries  This functiona! prolongation of the trunk by the ductus
1 also suggested by the contnuity of direction of the two vessels, which is such
that the ending of the one and the begsaning of the other cannat be distin-
guished 1n the radiographic records Even in the fixed specimen one cannot
say precisely where the ductus begins on the cramal aspect of the combined
channel  On the caudal aspect a common pulmonary artery 1s given off so
one can say quite defintels where the ductus begms on this aspect The
pulmonary trunk 18 a short vessel but a wide one, ¢g w2 furly large fived
foetus 1t was only about 2 5cm long, but its internal diameter, before 1t broad-
ened out to grve off the common pulmonary artery, was abouto 7 em In most
of the radiographic records 1ts calibre 15 noticeably greater than that of the first
part of the aorta  "The tricuspid dalve at the ongmn of the pulmonary trunk
often shows up very clealy 1n such records (fig 25a)

{ux) THE PULMONARY ARTERIFS

A very short distance from nts ongin, the common pulmo:
ates from the ductus arteriosus and bends somewhat QnuTinGil " zll:i;‘c;;eq{_
after this 1t termunates by dn iding 1nto a nght and a left pulmonary artery tch‘
right one being the larger of the two  In fig yo the nght artery 1s'seen to .
off two small branches just after 1ts origin and the left artery onc branct ?;le
first right branch passes round the antertor caval channel ‘on its dors: ,] v
and then goes at first cramally and then somewhat sternally, to sua ‘ixspect
sterno cranual part of the nght apical lobe  As the apex of the left P e
mu\ih m;)‘re caudally than that of the night lung, this arterial branch }:mg fies
Erea u}-.\ the Jateral radiographic records (see eg, fig 170) The sccs (Zi“s )
b tnc‘ ls&a}sese; dfli);[:mx S:udballllt; tto supply the vest of the nght apical logz ri%t::
7 it 15 perha
:ztemno}? to 1t Thereafter, the n{;;ht axp'{serlingxef:sssgg n(?,,gi\?fetam special
r:?u?l %t caudally to the cardiac Jobe a number of branches io :her(rlmll\ wnd
et e ot Pty o oSl T
e
the left apical lobe , as this Jobe lies almo:ta;e;r%l%?:a igf:aﬁu }::“) 10 supply
p distinctively 1n the mé’nﬁ S Pmonary

ht and left art
ate thy g eries to the d
that tl?erridmgmphm pucture and f one went by th I

was 4 better blood distnbution, per uny 1s alone, one might think

t mass, to the more caudal
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intercostal space, to enter the anterior taval ch
a
intercastal 2 channel about the level of the
Ti\uz the blood from ten segments (six right and four left) enters the anterior
caval channel, and the blood from sixteen segments (seven right and mne left)
enters the coronary sinus from - functioning oblique vern of Marshall

(xv) THC CORONARY SINUS

Into the coronary sinus discharges not only all except a neghgible friction of
the cardiac venous return (the fraction betng that which may discharge directh
mto the heart chambers), but also the major portion of ‘the azygos 1enous
return ‘The sinus 1s, therefore, a not inconsiderable trunh, and 1t 1s surprising
that the flow through 1t was left out of consideratton 1n most of the earlier
schematn of the foetal circulation  The course of the mam azygos vem plus
coronary sinus 1s seen m fig 65, and fig 49 shows how the channel curves
round sternal to the posterior caval channel ,” the rrdge 1n which the sius hes
helps to provide the sternal part of the surround for the via smustr1 and the
opening of the right group of pulmonary vans  In the last part of its course
the sinus passes more or less cranmily and 1ts opeming, which 1s devoud of 3
valve 1n the Jmb, hes unmediately sternal to the left part of the via dextra
(fig 62) and very close to the right atrio-ventriculir opening

(xs1) THE RIGHT ATRIUM

The right atrium, Iike the left one, can be regarded as composed of 1 smus
venarum and an aurrcle  The sinus venarum includes part of the postertor
caval channel, 1ts via dextra, the coronary sinus opening, and part of the anterior
cnval channel (fig 62) The crista interveniens 1» promunent on the dorsal
wall  The auricle 1s trabeculated and between the ridges so thm-walled as to
be translucent (fig 54), by 1ts structure 1t 15 more fitted than the smus
venarum to vary in volume and, owing to the rotation of the heart on 1ts long
auss (sce section vi above), 1t sometimes shows up clearly from the rest of the
atrium m lateral radiogriphs

(vu) THE RIGHT VENTRICLE

The right ventricle, lihe the left one, has a relatively small cavity, both m the
fixed and dissected heart and also 1n the hving ammnl (sce, ¢ g, fig 174)
Like the left ventricle, also, it 1s compaosed of a chamber, the walls of winch are
ridged by columnae carneae, and a conus arteriosus, the walls of which e
smooth ~ The left conus irtertosus, Jeading mto the aorta shows up to a
neghgible extent m the hteral radiographic records, but the right onc, leading
wnto the pulmonary trunk, 1s very obvious 1n such records, for 1t hes clear ot
any other feature It shows considerable variations in cahibre, thesc are
doubtless to be correlated with the systole and dstole of the ventricle, but
serial radiographs taken at a rate of anly 3 per second 1re nsufficient for a

detatled analysis
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So far as one can discover, the functioning ductus was rdiograpineatly
\dentified for the first tme wn 193y (Barciy Bascroft, Bacron and rinklin,
1g3g) It is perhaps unnecessary 10 sepeat all the eudence for what was
then obscure has long since been perfectly dear  The reader should however,
refer bach 1o some of the radiographs (P1 11T and fig 23) secured dunng a
retrograde 1jection mto the femoral arteny of 2 monbund foetus and the story
of the experniment may 1self be of interest The foetus, delnered by Caesaren
section was a soung one of 100 davs  While 1t was bemg posiioned for
recording, the umbihical cord brohe close to the umbihicus wnd before the cnds
of the veusels could be secured so much blood had been lost that the haart-
beat had become feeble and sporadic It was thought houweer, that some-
thing should be done with the foetus, nd the expeniment raptdh decided upon
was 2 femoral vetn myection In the hurny, the cannula was inserted into the
attery mstead of the vein and 1t looked as 1f the whole afternoon's work had
beer a dead loss  When however, the film was developed, 1t was found thay
the myecnion had passed nght up the aorta and 1nto the brachioctphalie and
cotonary arteries and i the ductus arteriosus nto the pulmonary vessels
Further certamn vessels had been dleared by an occasional feeble heart beat,
and as a result the ductus arteriosus was very clearly defined an onc frame just

at the end of the run (fig 23) So an apparenthy unsuccessful evperiment
turned out to be one of the most profitable of all

(xa) THE DESCENDING AORTA AND ITS TERMINAL BRANCHES
NAMELY THE UMBILICAL ARTERIES

B Stmctux{all; the d ding aorta 1s a cont of the arch of the aorta
unctiorally "1t 1s a contiauation of ths Jatter and of the ductus arteriosus and
‘fhe blood that 1t carnes 15 destved from both ventricles esther m equal amount
;‘om each or else with that from the right venteicle preponderating Part of
tt e blood 1s distributed to the trunk, v artous viscera, and the postenor c\tremi-
ies and the remainder goes via the umbihical artenies to the placenta  As
fomted out by many past writers, these vessels, in the mature foetus arc the
arge terminal branches of the descending aorta  Fig 674, b shows the dis-
po‘smnrf\ig as found m 2 fived speosmen It will be noted that the nght artery
;);;";: [(r)‘ m::h; s:;g:e tc}::u%a} artety xm;n;dmtel) after s own onigm, and that
rstal to the bifurcation of the aorta each umbilical
vessel of small calibre  Thss 1s the pmste s 5o
mnt
s&:\};,:e a relamn ely inmgnificant vessel " f\?:gf- ltlllsg (:;1: ngﬁfﬁft:glc ‘aerster‘\, i this
ilot“;d?(:;e()fd ;?i Itermfmal pfoamr;J 105 c;he: large intestine and thc:\e ;ogsa::réz
sl surface of the bladder  They are attached
t
; gcps:lﬁx;l:zﬁsi(&lgs atr}:nt gm]du:d)h dimnish in width sa that about g, ;hclzi)‘ lfi((:;;lri
eries e close agamnst the bladd Y

Qvueh the umbricw g o Sall  Where ch
s they a o pass
In the cord they u uilly m}n ares;x{lgs‘?;s andn the same fransiccse plane
the present wnvers see them running 3 strnfght":‘otl)znb ey Puonal wase did
i;r:\% lfughl)hconzrar.nle from 2 point about 3 cm d\gil tcrlzﬂe) are thick walled

Yo here 1T ory

on they shut down after Iigation of the card B omcacds,
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parts of the lungs But, if one
looks back to the general arrange
ment of the lung masses (fig 56),
one 1s left with the impression
that the blood distribution 1s
furly even throughout these
viscera  The calibres of the
arterial branches show that the
blood supply can be a coprous
one provided the rate of flow 15
1 Iigh one, as will be seen 1n
Chapter 1V, this postulate 1s
amply satisfied

(xx) THC DUCTUS
ARTERIOSUS

This channel 1s about 1.4 cm
long on 1ts caudal aspect It
e

Fio 66 —Shew fortus sty e (o s 30 (o e o o e e th

and 87)  View of thorax opened from the left side with

::ar:‘\;a:xe dpar:hof 12{: l[unhg s;n;:l ]Iaxge part of penicardum  vessel has grven off the brachio-
e rest of tl t

e fng 15 seenin the bottom cephalic artery It should not be

ngl'ﬂ, part of the photograph The other structures
the partially d ductus arterrosus canbe  described as opemng nto this

identified by comparison with fig sgb  Scale 1n cm part of the aorta, tor 1n the
)
mature foetus the two vessels are

functionally comparable and of the two 1t 1s the ductus, rather than the aorta,
which tends to have the greater calibre The umon 1s a lateral one, and the
rounded free edge of the “ party-wall,” viewed from the left side, 13 more o1
less straight except at 1ts two ends, where 1t curves distally When the ductus
1s partially contracted mstead of bewng full open, the free edge may be more
Ithe a letter V, with the apex of the V directed proximally There s not the
least justification for Zuntz’s belief (Strassmann, 1894, 406) that the party-
wall, in newborn lambs, resembles a valve-lihe structure overlying the aortic
opening of the ductus (see figs 142, 143) Nor 1s the post-natal closure of
the ductus effected, as Strassmann (ibid, 435) thought 1t was, by the
apposition of this “valve” over the opening

Fig 66 shows the ductus and related vessels as seen shortly after the death of
a foetus, the ductus has contracted down to some extent and 1s already much
narrower than i Iife  This tendency to diminish i calibre under various kinds
of provocation 1s typical of the channel 1n the mature foetus  The histological
structure corresponds, for the ductus 1s a “ muscular * artery while the pul-
monary trunk and the aorta are ““elastic” vessels (Boyd, 1941, 465) The
innervation of the channel has been studied marnly i non-ovine foetuses (Boyd,
1941, 467) , 1n the lamb (Barron, 1944, 290), receptor nerv e-endings of the “ de-
pressor ”* 'ty pe are present in the adventitia near the aorta, but no fibres have
been found penetrating to the muscle layer or terminating in motor type endings




FOETAL CARDIOVASCULAR NOMENCLATURE 103

GLOSSARY OF N\LEW NAMES FOR CERTAIN PARTS OF THE
Lo \ATURL TOFTAL CARDIOVASCULAR 51STEM

Umbihical venae comites —The twin vemns found 1n the cords of certan
genera  They fuse, exther within the cord or else within the "bdomen, to form
the single umbrltcal ven R

Snis nfermedius (formerly called ** portal sinus,” etc }—The intra hepatic
channel umting the umbilical ven and portal vem

Postertorfinfertor caval chann 1 (laumzed as canalis postertor[infertor) —
This 15 formed by the unton of the postenior/infensor vent e, the mun
hepatic veins and {when present) the ductus venosus It continues bevond
the accepted natormcal termination of the Eos!cnor/mfcrlor vent cva to
dinde withm the heart, mnto left and night termmal divisions  Blood
discharges through these termnal divsions nto the left atnum and nght
atnum sespectively

The divtding ridge or crista ditidens gformerl) called *“ 1sthmus of Vieussens ”
* annulus fossac ovalts,” etc ) —The free curied cudal edge of the interatrial
septum  On it the postertor caval stream divides, part gomg to the Icft atrium
and part to the nght atnum

Via suustra (formerly called by many the ** foramen ovale ') —The left
terminal division of the posterior/inferor casal channel Tt consists of 2

fined porion  or  pars firma® (usually part of the interatnal septum) and
4 ‘frec  or ‘apposable portion ' or ‘pars hibera ' (formerly called the

rahe of the foramen ovale )

Tia dextra —T'he nght termmal division of the postertor/inferior caval
channel It ends cramally at the frce edge of the ** cnsta intenveniens® (sce
below) and caudally at the free edge of the Lustachian vahve {when this structure
13 present), 1e the valve 1s the  pars hibera viae dextrae

Crista intercenmens (ongmally called by Lower * tuberculum interyenosum *
since called also * torus I awert, ete) —The ndge formed at the unson of th
v destra and the antenor/supenor eaval chanmel (sce bilow) when this | o

1s unilateral  when 1t 1s bilateral the nght channel alone 1s concerned iy ;ltcr
y1a detra 1 the formation of the crista interveniens i with the

Anterior supertor caval channel (la
timzed as canals anterior/sy,
rior) —
:\ntun this 1s undateral 1t begins at the accepted anatomical beglrlxm[r’lt;'; ’of)thc
aucnor superior vena cava and ends cramally at the auncle of the 1 ht
a mn‘: cauda]lﬁ at the free edge of the crista sntersenicns  When there K
o chc annels the nght hand one 13 as above and the left hand one 13 1d <l
“C l}:e anatormcal left Camer\or(sup(.nm e tava tdentical
rista renmens (see Chapter VII section xn} —Th
\mrllglr‘m of the ductus arteriosus and the first part o)f the a;n;ldgc formed t the
mmeh(- ‘1‘:]‘1‘ ”:g;nsteflt;\;aﬂ;z of 1:11(: ftl)eral Iser 1e wmbilical mowety, portal
Seenon (9 s and right mass, are expluned 1 Chapter V1J,
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The microscopical structure of the
vessels between this pomnt and the
umbilicus was very briefly mentioned by
Meyer (1914, b, 512), but only by com-
parison with that of the umbihcal vein
One imngines, however, that he would
have described the arteries as foliows, had
he wnitten more directly and fully about
them They have a single-layered endo
thelium, and over most of their length
no internal elstic membrine  Circular
muscle fibres re present throughout, and
longitudinal muscle fibres are found 1n the
distal stretches except near the umbilicus
The adventitta 1s similar to that of the
umbtlical vemn

To

T'16 67 ~Shecp foctus, 1397147 days

show that tn the foetus the umbilical arteries
4 are the large termmal branches of the

aorta 4 Ieft the unopened vessels rnight
the aorta has been opened up
ITA esternal and internal ihac  artenes

C A caudal artery LT larcentestine cut

The structure of the arteries of the cord
was described by Popoff (1938) and by
Morel and Gernez (1939) The vessels
are thicher-walled than arteries of similar
There 1s

calibre elsewhere 1n the body
no internal elistic membrine or elastic
Inmellae, but there are numerous anastomosing clistic fibres There 15 an
mternal longitudinil musculature, but the bulk of the medr consists of layers
of circulir muscle, separated by elistic fibres which become less promment
from within outwards Ixternal to the circular fibres are 2 few oblique or
longitudinal fibres, which 1re more and more separated by connective tissue
1s they get neir the outside of the vessels There 1s no clearly-defined
adventitin

Trom their own macroscoprcal dissections, the present writers would agree
with Morel 1nd Gernez about the presence of some more or less Jongitudmally
coursing fibres on the outside, but they would be inchned to rusc the question
1s to whether the ““ circular ” fibres are not really ** close spiril ™ ones

across B bladder Scaleincm
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OF THE
Ry OF \EW NAMES FOR CERTAIN PARTS
GLOSS:X[}TURE FOETAL CARDIOVASCULAR SYSTEM

Uubtheal venne comtes —The twin 1ei08 found 1n the cbt()irds of tcr:;:):un
genera ‘The)bfixsel exther within the cord or else within the abdomen, to torm
the single umbilical vem

?st:mg ntermeduus (formerly catled portal smnus,’ etc) —The ntri-hepatic
channel uniting the umbilical vein and portal vemn

Postersarfunferior caval channel (latized as canalts postertorfinferior) —
Thus 1s formed by the unton of the postenor/mferior vena cna, the mamn
hepatic yemns, and (when present) the ductus venosus It continues bevond
the accepted anatomical termmation of the posterior/inferior vena cava to
divide, within the heart, mto left and nght termmnal dnsions  Blood
discharges through these terminal divisions 1nto the left atnum and nght
atrium respectively

The dividing nidge or crista dividens éformerl\ called  ssthmus of Vieussens ’
« annulys fossae ovalis  etc ) —The free curved, caudal edge of the interatrial
septum  On 1t the postenior caval stream divades, part going 1o the left atrum
and part to the nght atrum

T1a soustra (formerhy called by many the foramen ovale’ ) —The left
terminal dinision of the postemorfinfenior caval channel It consists of a

fised portion  or  pars firma  (usually part of the interatrial septum) and
a free ' or apposable portion ’ or ‘ pars ibera’ (formerly called the

sahve of the foramen ovale )

Via dextra —The nght termmal division of the postertor/inferior caval
channel It ends cranally at the free edge of the ““ crista mterventens  (see
below) and caudally at the free edge of the Eustachian valve (when this structure
15 present), 1¢ the valie 1s the * pars hibera viae devtrae

Crista intervemens (onginally called by Lower ¢ tuberculum interyenosum,”
since called also  torus Lowen ** et¢ ) —The ndge formed at the unton of the
via devtra and the anteniorysupenor caval channel {see below) when this latter
> umlateral  whenit1s bilateral the nght channel alone 1s concerned with th
\m{l det“m /m the formaulcn of the costa intery envens ©

nterwor'superiar cacal ¢
When this mpunxhteml, 1t bgg::’: Iat(:i‘\:n::zsg QZE atan‘alt: a’;i{;’m’/ supertor) —
antenior superior vena cava and e 3 natorcal beginning of the

nds cramsally at the auncle of
atnum caudally at the free edge of the crsta ster emens et

.
two channels the nght hand one 1s as abos Lomen, there ate
e, a
mtch t][me :matomlca(l left anterior/superior \e,n:\“gat!z‘le et hand one s adentical
rista reymens (see Chapter VII, section i) —
\m,l]?‘? of the ductus arteriosus and the first part o)f th;r::n;ldge formed at the
e new terms for parts of the foetal biver, 1e wmbilical motety, portal

wmotety left mass, central mass,
seetion (1) s ss, and right mass, are evplaned 1n Chapter VII,



CHAPTLR 1V
The Cuculation m the Mature Foetal Lamb

As was stited m the last Chapter, the cardiovascular system of the mature
foetnl 1amb 1s to be regarded s adequate for the needs of the moment, but at
the same time certun features within 1t are simultineousl beng prepq’red for
the changes that are soon to occur  The circulation must be looked at in some
what the sume w1y, 1¢ not only 2s 1 service appropriate to the foctus towards
term, but lso s 1 service which, by some ripid altcrations here and there,
cn 1 2 few minutes be changed to one appropriate to 1 very different creature,
namely, the newborn lamb

To appreciate the arculition thus defined one needs ntormation not onh
1bout the course of the blood flow (15 demonstrated, 1 part 1t least, n Chapter
II above), but also about the blood, and about the development of vasomotor
and respiratory mechwnisms and the neuro-muscular system  So far as the
lamb s concerned, the story is by no means complete, parthy for 1 general
reason (the comparatiely recent development of foetal phystologteal research)
and partly for 1 special reason (the lamb has not 1lways been the experimental
ammal chosen for such resewch) However, an mcomplete story 15 better
than no story 1t all and 1ts imperfections may stimulate others to emend 1t or
to wdd to 1t~ If 1t has those effects, tts somew hat wrduous composttion from the
literature and from the radiographic records will not have been m van

() THE BLOOD

The account which follows 1s dertved munly from Barcroft (1941, a, etc)
and from Barcroft and Kennedy (1939), except where otherwise statcd

Amount —In the last third of gestation the absolute 1mount of blood m the
placentt and umbilical cord remns more or less constant, while that i the
foetus shows a great increase  The relttve amounts m the placenta plus cord
on the one hand, and 1n the foctus proper on the other hand, are 1s follows
At 100 days the quantities are about equal m each, at 120 days that in the
placenta 1s about one-third of the total, and 1t 140 days 1 quarter to one-fifth
A full-term lamb, weighing between 4 and 5 hg , conttns about 500 ¢ ¢ blood,
and there are another 100 ¢ ¢ or more 1 the placentt and cord

Ratio of cells to plasma —This rises from about 30 70 at half term to 40 6o
at full term

Haeinoglobin —The lamb 15 an ammal that 13 able to fend for stself tmmedi-
ately after birth, 1ts actrsity at thss stage contrastng strongly with the helpless-
ness shown by the newborn of some other mammalian gener1  In accord w ith
this, the change 1n the nature of the Jamb’s hremoglobmn from the foeral tvpe
(which has greater affimity for oxygen but 1s less able to release 1t) to the ultimate
type takes place some time before birth (Barcroft, 1938, a, 68-70) The totyl
amount of haemoglobin mncresses, in response to 2 phystologica) anova, from
the rooth day on, wnd especrlly m the last two weehs of gestation At So
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days the amount s only 4 €4 whereas at term 1t 15 about 8o g , 67 g or so being
in the foetus and 13 g the placenta and umbtlical cord N

Oy gen saturation >_Because of the pre-natal change in the nature of the
Jamb’s haemoglobin and for other reasons, there 1s 2 fall in the ovygen saturi-
non of the umbilical venous blood from over go per cent 1t about 84 davs
(Barcroft and Barron 1942) to 70 of 60 per cent_at term (Barcroft, Barron,
Cowte and Forsham, 1940 343 fig 2, Barcroft hennedy and Masen, 1940,
352 Table II)  The figures for the saturation 1n other vessels towards term
are as follows  posterior vena cava about 10 per cent (Barcroft, Barron Cowie
and Forsham 1940 343) left ventricle 50 per cent or less (Barcroft, 1938, 1,
38) or & 4o per cent {Barcroft, Barron hramer and Millikan, 1938, 43,
Barcroft hramer and Milliban 1939), and umbihical arteries 30 - 6 per cent
(Bascroft Barron Cowie and Forsham, 1940, 143, fig 2

Ovwigen content —Despite the drop 1n percentage saturation towards term
the oxygen content of the umbilical venous blood 1s not correspondingly re-
duced, for the rate of haemoglobin formation rises i response to a physiologieal
anoua

Carbon divide —The Bohr effect, 1¢ the shifung of the owgen dissociation
curte to the night with increased partial pressure of carbon diowide 1s not
specifically mentioned 1n the case of the lamb though 1t 1s 1n the case of the
calf (Roos and Romyn 1938, 260) It must play an important part sn the
storv for n the foetus the source of the carbon dioxide 15 the ovygen, and s
the latter 1s used up by the nssues the former will accumulate and " through the
Bobr effect assist in the hiberation of further oxvgen  With the ovigen pres-
sure so low as 1t 15 1n the mature foetus through the low percentage saturation,
more attention should certainly be given to the carbon diovde, 1t 1s sur ris-
mg{y neglected 1 Ll*urr\e‘rlx}t] accounts of foetal physiology ’ P

Mutrient matertal ——While the mmportance of
1t should also be remembered that tﬁ e, of the blood gases 15 not demed,

c umbilical +enous blood carries not onl
fresh supplies of oxygen but also fresh supphes of nutrient ma!ennl,otoo?hz:

foetus " Lattle or no study of this portion of the blood cont

ent a
been made though 1t obviously should be Eisler (1930) mpg[c\a\;'sdt‘zrl\)‘:\sc
somewhat upinspired note on the foetal circulation, put forward the sugge t N
that the nutrtent material carried in the umbilical venous blogd may b ggf even
greater impostance than its oxygen content T heoten

() THE AMOUNT OF THE BLOOD FLOW

The cardiac output of the foetal lamb h:
5 d\cr)hd;:‘sunble that information shoul Fbe
1 which is 1n mam ways a similar anmat

(;934) found that the ratio of the flow il;:ougﬁrfg:f;\.e:: ‘(tne(rhmd MeClurkin
p(e)n}o d\ an;.d httle during the latter half of foetal Life and tohe Y ‘; 180t of the
penod. twasof the order of o 12 to 0 18 ¢ ¢ per g of foet per s a1
they g“g:';sc :'r;’:gph:d to tfhgof:ll term foetal lamb of abo::\ ;_)e{gmlgute hI !
output of 10 oo . b L

Tunations howeser, have shown lhatgthe f]:“ r:irr;]xg]hu:;e uzx\x{g:—l?c;ticce: 'Zide]‘er-
rd alone

yet been de

t
d be available on e e, though 1t

this pont  In the
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at term 1s of the order of 400 4 200 c ¢ per minute (Barcroft, Kennedy and
Mason, 1939, b, 273—4), and the authors consider that the 1934 figures for the
heart flow were probably too low, because of the errors mherent in the cardio
meter 1tself, the shock and vascular collapse resulting from the operatnye inter
ference, and the use of urethane

Barcroft, Ilexner and McClurkin (1934) reported a steady rate of ovygen
consumption per g of tissue per mimute 1n the hid during the second half of
gestation, and a marked nse after birth Barcroft, Kennedy and Mason
(1939, b) found that the average consumption n the lamb, during the second
half of gestation, w1s 0 0043 c ¢ per g per minute, which 1s considerably less
than Barcroft, Flexner and McClurhin found for the post-natal hid

(1) THE COURSC! AND RATL OI THE BLOOD FLOW

With the gradual 1cceptance of Claude Bernard’s concept of the “ miltey
mterne,” physiologists have become more concerned with the tissue cells and
the study of both respiration 1nd circulation his been re-orientated, so that
they are now regarded as the means used by these cells to preserve their actrsitres
unumpaired, either by changes in their immediate environment, or by changes
1n the external environment of the whole body

In contormuty with this modern attitude, the course of the blood flow 1n the
foetal lamb (nearly full-term, unless otherwise stated) will be followed from
where 1t leaves the tissues to where 1t arrives back m them  The evidence,
which 1s entirely, or 1lmost entirely, ridiographuc, is as yet mcomplete, e g the
carculition through certun ndwidual parts of the body has not so far been
recorded, on the other hand, the essential features have been mvestigated
many times over, so the mamn part of the story 1s avaifable and 15 indisputable
No experiments have been speaifically performed to determine the rate of ﬂo}:\,
but the radiographic records have provided a certam amount of evidence on ths
head and the findings are mcluded 1n the 1ccount which follows

The blood which leaves the tissues finally enters the heart by the posteno};’
caval channel, the anterior caval channel, and the corontry suws T hroug;
the sinus, 1n the sheep as 1n a number of other mimmals, there passes not only
the blood returning from the heart itself, but also the greater part of the 1zf) :g;l)s
venous return, 1nd much of this return comes from the posterior p{n‘;s o th:
body  Through the antertor caval channel flows blood coming mamly rlom e
head and neck and fore-limbs, plus chyle from the thoricte duct, lp l1‘1s the
smller part of the azygos venous return ~ Through the postenor ca}\la c] :mm'
flows blood from the hind-limbs, the bulk of the trunk, the spleen, the alime:

ry canal, and the cotyledons
: yO‘r:m can most ﬁttm}glgly begin with this last, for the blood Commgttm;le:\}:l:
cotyledonous placenta carries the fresh supplies of oxygen anﬁ nl:n?e:mln:enous
provided by the ewe, and 1 therefore the most important of a }; e od nons
returns The umbilical arteral pressure 1s about 75 mm kg an S hent
balical venous pressure between 18 and 1o mm Hg , gv 1}111g 1 p}:‘e;seul;tg e
of about 57 to 65 mm Hg for the passage of the blood through ti y

I Sce plates and figures llustrating Chapter 11
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Barcroft and hennedy, 1939 181, Barcroft, Barron and Forsham, 1942)
‘he lowness of the venous pressure was commented on by Windle (1943), who
hought 1t was questionable of the blood reaches the heart under a greater
ressure 1n the posterior vena cava than in the antenior ena cana The
ressure gradient betseen the ambilical venae comites and the heart (in which,
lunng foetal life, the pressure 1s presumably not sub-atmospheric) 1s not a very
reat one but 2s mentioned 1n the last section the blood flow through the cord
< considerable, and the rate of flow through the venae comites 15 of the order
f 16 cm per second (see Chapter III, secton n) At this rate, the passage
through the venae comutes would tthe 20 2 seconds, nd such an estimate 1s
supported by two_ radiographically determined ciremt times  For 1n one
foetus contrast medium took 7 seconds to go from the umbilicus to the cotyle-
dons and back, while n another 1t took 10 seconds to go from the beginming of
the gorta to the umbtlcal vein, and a further 2 seconds to reach the postenior
caval channel via this vem
\Within the liver at least a ninth, and probably more of the umbilical blood
passes direct to the posterior caval channel via the ductus venosus The
remamnder 15 distnibuted by umbilical ven offshoots to the central and left
masses of the Iner, and by offshoots of the sinus intermedius mainly to the
papillary process  This distribution 1s the afferent venous supply for about
two thirds of the whole liver  The other third, 1e the nght mass and the
caudate process 13 supplied by portal vein blood that 1s much poorer 1n oxvgen
and—presumably —nutrient matenal, and ncher 1n waste products In as
much as the umbtheal and portal venous distributions are quite separate, and
the hepatic artersal supply 1s very small, there may well be biochemical differ-
erlxces between the umbilical and portal motettes of the Iner, but experiments
planned to scttle this point were frustrated at the last moment, and 1n conse-
quence the myestigation 1 question remains on the hst of agenda  After a
farh rapid passage through the lner the bulk of the umbilical blood (th:
distributed to the central mass left and to the whole of the left {that
way out through the left hepatic vein and the remamnde: t; “&355) uted 1
“}‘:: csn‘tlmtlhmass }rllg};‘() together with much of the portal bl‘;éd z;ts 0: tlzb\:l:tliduﬁ:
ongh the nght hepatic vein  The rest
g(;:tetnor ‘.enag%;\a gfter an equally ra}:\dolfa;s];:gso?}?:oglg?%h?a:;i;;he
patic veins o information 15 available as to h iy
the umbilical blood d ow much otygen 15 lost by
which the venous 1nﬂ0\l\l:r;!§sgfhi2::ahh\el€: tIl\f grewt The relative case with
graphic tecords . On the other hagd - er:as very noticeable 1n the radio-
amount and the only direct outlet wia the (;n ous are very considerable 1n
regulated by & sphincter that 19, Spparant] UCIUS Venosus, 1S @ narrow one
(Barclay Franklin and Prichard, Igpz a ch “é an exexdble condition st term
the fiver 15 distended with blood \jefcré h). 0 1t 15 probably safe to say that

From the the degree of this dis
1ofons of wel“ e‘r (rmfi %asses to the posterior caval channel \\hxgln:wn
o perrZe nat 16 ! egrees of venosity  The ductus venosus bl ec;n es four
ekt he/ ., saturated with oxygen and presumably th ood 13 about
PAtC \em 15 not very much less so y the blood from the

On the other hand the Pposterior
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caval blood may be only about 10 per cent saturited (Barcroft, Barron, Cowze,
and Forsham, 1940, 345) That from the night hepatic vein 1s a muture of
roughly two parts of portal blood, which 15 presumably about as venous as
the caval blood, with one part of umbiitcal blood that has made the Inver crrcut
The effect of the union of the four flows must be to make the oy gen saturation
of the combined stream appreciably less than that of the umbrhical venous
blood Trom the radiogriphic records it 1s clear that streamiming "’ occury
mn foetal vemns as 1t does 1n post-natal vemns (Frinbhn, 1937, 281-4), 1t was,
therefore, concenvable that the different streams entering the postersor caval
channel might hwve different destinations m the foetal heart, 1e that one or
more might go to the right side and one or more ta the left side  The evidenct,
however, that has so far been accumulated has fuled to show any such differ-
ential distribution  If there 1s no differentiation, then the on)ygen saturation
of the blood 1 the postersor caval chinnel must exceed that of the carond
blood, for this Intter 1s a mixture of blood from the channel with a certamn
amount of more venous blood returned to the left atrium by the pulmonary
vemns  The erotid blood 1s on the average about 50 per cent or less saturated
and has 1n oxygen pressure of about 30 mm Hg (Barcroft, 1938, 3, 38)  That
the fall 1n srturation 1s of only this order tmdicates that the greater part of the
return to the heart through the posterior caval channel 1s contributed by the
blood from the placenta ~ So the chnnel 1s functionally 1 contimuation of the
umbilical vemn rather than of the posterior vena cava

Withun the heart, the posterior caval stream splits on the crista dividens 1a
such a way that the bulk of the blood goes through the vin sinstr mto the left
atrrum and only a minor portion goes through the via dextra mto the nght
atnum  The anatomical dispositions favouring this unequal diviston hase
alrcady been noted i Chapter III The extra physiological factors favourmg
1t are the functionl diminutions 1n calibre of the via dextra produced by (1) the
coronary swmnus stream, and (2) the anterior cayval stream

The postertor caval blood entering the left atrium through the via smistr1 15
there jomed by the not mconsiderable pulmonary venous return  That part
of this return which comes from the right apical and cardac lobes 1s of partscular
interest, for, after passing along the dorsal surface of the crista intersemens, 1t
flows on 1nta the left atrum separated from the blood 1n the v11 stnistra by only
the pars hibera of that channel The greater part of the puimonary return,
however, 1s that which 1s carried by the caudal group of veins, 1 ¢ those drmmog
the diaphragmatic lobes and the lobus ntermedius~ Durning ventricular sy stole
and part of diastole (Westermarh, 1941, 1942), excess blood entermg the
left sinus venarum 15 presumbly accommodated 1n the readily dulatable auncle
of theatrum  During presystole (Westermarh, 1bid ), the combined posterior
caval and pulmonary blood passes into the left ventricle, whence 1t 15 fater
ejected into the 1scending aorta*  Here a small portion 15 distributed through
the two coronary arteries to the heart muscle stself, and a much larger portion
15 distributed, through the brachiocephalic artery, mamly to the head and fore-
lrabs  This left ventricular blood 1s more ovygenated than that from the nght
ventricle, but even so 1ts degree of saturaton 1s not 2 high one (50 per cent or

1 1y estermark s work 1s mentioned at greater length below
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according to Barcroft, 1938, 1 38, qbout 40 per cent =, according to

I;ii‘croft, Bangon. kramer andsx\hlm.:m, 1938 43, and Barcroft, hramer and
\lllikan 1939), S0 even the heart and bramn of the foetus do not get ?\\ }Fer} ::_t
Ingh pressure as judged by post-natal standards The residue of the left
ventricular output passes on nto the descending orta

From the radiographic records a few times have been obtamed for the eircuit
from the brachiocephalic arters to the tissues and back to the antertor caval
channel  These times are of the order of 5 to 8 seconds 1n the nearly full term
foetus and appreciably greater 1n the foetus of 10010 120 davs  The senes 1s
not large enough as yet for one to deaide sf the decrease towards full tecm 15
charactenstic 3 1t 15, 1t will be nteresung to discover the sigmificance of the
fall

The blood returning to the heart through the anterior caval channel passes
1n 1ts entirety to the night atrum It 1s directed sternally and to the night on
account of the termnal bend of the channel and the disposition of the cnsta
mtereniens The coronary sinus flow also passes 10 its entirety to the nght
stnum  The impression that one gets from the few radiographuc records 1n
which 1t 15 usible 1s that this flow splass out somewhat over the wall of the
atrum after 1t has Jeft the sinus, presumably the wall m question 15 the Jeft
one but no sterno dorsal records are available to decide the point  The nunor
portion of the postertor caval flow that goes by the via dextra must occupy the
space not taken up by the other tho mflows 1t 15 probable that 1t goes over
wowards the left side of the atrio ventricular orfice  Duning ventncular
sistole and part of dustole (Westermarh, 1941, 1942) excess blood entering
the ight sinus venarum 1s accommodated 1n the readily dilatable aurcle of the
atrum , successive frames in the radiographic records show how this aunicle
canvary nsize  During presystole (Westermark 1bid ) the combmed posterto-
ca}\1 al, coronary smus and antenor caval blood passes into the nght yentricle
\‘\\ (ence 1t1s later ejected along the conus astertosus into the pulmonary trunk

teraminor but not inconsiderable, portion has been given off to the common

pulmonary artery the main portion passes on through the di
uctus arteriosus
mto the descending aorta, where 1t joins the residu 5
e
oo the descend X 3 of the blood ejected from

he pulmonary vessels as one can see from the rady
ographs, ai
tlmes In addition, the average time taken by the bloo%i t[:) passrcﬂ?f;um;:rto}:‘c
cl]mgsd 15 only 27 seconds, even before the ductus arteriosus 15 funct?omﬂ
¢ eoss:ds(alizr‘flzg B?lrc}:"f;i Ban—m:l I;lranklm and Prichard 1942) Since thi.
tde and the flow rapid the total pulmonary airculat
:?J‘:nnqse:f“l?lr(‘m?if xhehfueta\dlungs shows further t?at !he\:l ég:tl:uclogsig:;
so the conditions obtaining justify o 1
4 blood depot* though th, di ¢ hat Altogether g fhese ofgans
3 gl e conditions are not altogethe
a;s:;;b‘egl 1}:})} fjlrﬁt:};:g(}o(xtgl;?) u}) the ;cxldu]t, resting ]ung% Arb:“.::‘:‘li‘; b‘r(:mt?}:ﬁ
etal lamb no data apparentl:
he blood m the descending aort Per o o o table
the ascending aotta B:ucrcﬁ 3(29;8‘?21;,37]:)“::})0“@" bt haeyan that in

orted that obstr:
‘ uction of the
depor The blood s mot 1n the organ becsuse it1s being used there

15 Barcroft s criterion of a blood
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pulmonary trunk cused a much greater fall in femoral arterial pressure than
did obstruction of the isthmus of the aorta, his deduction from this and from
other, uncited evidence was that about a third of the blood 1n the dorsal aorta
came from the left ventricle, and two-thirds from the right ventricle The
present writers have attempted to chech these figures from radiographic
records of lving foctuses by comparing the cross-sections of the 1sthmus of the
aorta and of the ductus (the pressures 1n the two vessels must be the same, for
there has never been any evidence of contrast medium passing from one to the
other)  If the cross-sections of the vessels were circular, then i two foetuses
the blood 1n the abdorminal aorta was derived almost equally from the two
ventricles, while 1n the third the proportions were as 1 Barcroft’s estimate
The blood 1n question has a wide mtial distribution to the trunk and various
viscera  But a large amount remains to pass through the termnal branches of
the aorta, 1¢_the umbilical arteries, and these vessels have only a few munor
offshoots  The flow through them s of the order of 400 = 200 c ¢ per minute,
the pressure in them about 76 mm Hg, and the ovygen saturation mn them
about 30 =+ 6 per cent  With the umbilical arteral blood reaching the cotyle-
dons, one 1s back where this story of the foetal circulation began ~ No actual
account of the passage of the blood through the placenta will be given here, for
1dens of this passage are based upon knowledge of structure and not upon direct
records of the flow

(wv) THL MOVEMENTS OI' THE FOLTAL HEART

In 1940 Iranklin, Barcl1y and Prichard reported that the foetal lamb’s heart
beat 1n the same w1y 1s the hearts of animals of various genera studied by
Bohme, 1€ that there was no great change n external contour but that the
atrio-ventricular junction moved 1n turn towards the apex and the base as first
the ventricles, and then the atrin, contracted This statement requires some
elaboration and possibly emendation  Bohme learned the techmque of indurect
cmeradiography from Janher, but increased the number of frames per second
upto 150 Both Janher and Bohme used 35 mm film, which grves much more
detail than the 16 mm film which has hitherto been used (in default of the
35 mm set-up) 1t the Nuffield Institute Bohme projected some of his
excellent films at the International Congress of Phystologists, held 1n Zurich n
1938, and the projections left one 1 no doubt about the occurrence of the to
and fro mosement of the atrio-ventricular junction  On the other hand, the
eact relation of this movement to the phases of the heart’s contraction could
not be determined merely by watching a film projected, and onc therefore
accepted Bohme’s spﬁl\en and written stitements, based presumably on

of enlarged stills
an’aIl‘)}llselsmd1rcct cgmeradxographnc records of the foetal lamb’s heart obtained li\
Tranklin, Barclay and Prichard, were ccidental by-products of other “mi)
were few 1n number and, being on 16 mm  film, had not the detail possessed ‘f
Bohme's records  On the other hand, they showed quite defimtely the Ixch o
any marhed change n external contour of the heart and (thanks to the persist-
ence of contrast medium 1 the coronary vessels) the typical to and fro move-
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ment of the atno-
sentriculacjunction
(fg 68q, B) Tt
seemed reasonable,
therefore to telate
fhis moyement 10
the atnal and ven-
tricular contrac-
tons, 1€ to adopt
the relavton gnen
by Bobme on the
basts of hus exten
sive researches
upon adult hearts
Since then, how-

Fie 68 —{a)left (B3nght Sheep foctus nearly full term  Outl nedr:
ever, Westermarh  Bar 580 0 eraph ¢ secord fo shon fange of mosement of
(1941, 1942) has sentculorsuleus S durng the cardiac cyele 1 ventricles D duapl

this vien of Bohme  According to Westermark s anzﬂrls both phases o
movement of the junction (first noted accordmng to Jum, by Taurell) «
dunng ventricular systole  He also finds that the fillng of the ventncle o
dunng presystole only and not during the whole of ventricular diastole
atno ventricular valies tn other words appear to be open onhy dunn,
nterval between the P and Q waves of the electrocardiogram  Western
speed of recording was much less than that of Bohme, but the interpre:
of the former s radiographic records was facthtated by the fact that stmulta
electrocardiographic records were available !

War time difficulties make 1t 1impossible to come to any final conclusio
neither Bohme s nor Westermark s films are avarfable for examination
the other hand the balance 15 1n favour of Westermarh s view hecause h
able to combine electrocardiography with cmneradiography  He alsa st
the movements of the sheep s heart even 1f his major work was on ra
hearts  In the previous section of this Chapter, therefore Westermark’
relations have been provisionally adepted for the foetal lamb

The lack of any marked change 1n external cantour of the heart dyny
cardiac cycle requires a sword or two of explanation  Radiologssts or a
some radiologists have for 2 pumber of years been consaipus that the sh
the heart within the mtact thorax changes less than obserations made
the exposed organ would lead one to believe The reason for the Qiff
15 presumably as follows No organ sn the mtact thorax or abdamy
Tetract away {rom the surrounding structures and leme a free space by
them and self for phisiological conditions would, n that gasc S
pathological anes  a good examply s provided by w hat ha
breumothorax A th ) bpens in spant
e thoracic or abdominal viseus then, though able t

N :\ :\ : a‘hnaﬁxghbounng “iseus in vintue of the flud layer between the
wore b Semoneer (0 combine the to (Jacohy Janker and Schmitz 1933 but he



110 THE FOETAL CIRCULATION

pulmonary trunk caused a much greater fall 1n femoral arterial pressure than
dud obstruction of the 1sthmus of the aorta, his deduction from this and from
other, uncited evidence was that about a third of the blood 1n the dorsal aorta
came from the left ventricle, and two-thirds from the right ventricle The
present writers have attempted to chech these figures from radiographic
records of living foetuses by comparing the cross-sections of the 1sthmus of the
aorta 1nd of the ductus (the pressures 1n the two vessels must be the same, for
there has never been any evidence of contrast medum passing from one to the
other) If the cross-sections of the vessels were circular, then n two foetuses
the blood in the abdominal aorta was derved almost equally from the two
ventricles, while in the third the proportions were as 1n Barcroft’s estimate
The blood 1n question has a wide mitial distribution to the trunk and various
viscern  But a large amount remams to pass through the terminal branches of
the aorta, 1e the umbilical arteries, and these vessels have only a few munor
offshoots  The flow through them 1s of the order of 400 = 200 c ¢ per minute,
the pressure in them about 76 mm Hg, and the oxygen saturation n them
about 30 3 6 per cent  With the umbilical arterial blood reaching the cotyle

dons, one 15 bach where this story of the foetal circulation began  No actual
account of the passage of the blood through the placenta will be given here, for
1deas of this passage 1re based upon knowledge of structure nd not upon direct
records of the flow

(n) THL MOVEMENTS Or THE FOLTAL HEART

In 1940 Frankhn, Barclay and Prichard reported that the foetal lymb’s heart
beat 1n the same way as the hearts of animals of varous genera studied by
Bohme, 1€ that there was no great change 1n external contour but that the
atrio-ventricular junction moved m turn towards the apes 1nd the base s first
the ventricles, and then the atria, contracted This statement requires some
elaboration and possibly emendation  Bohme learned the techmque of indirect
cineradiography from Janher, but increased the number of frames per second
upto 150 Both Janker and Bohme used 35 mm film, which gives much more
detail than the 16 mm film which has hitherto been used (in default of the
35 mm set-up) at the Nuffield Institute Bohme projected some of his
excellent films at the International Congress of Physiologists, held in Zurich in
1938, and the projections left one 1n no doubt about the occurrence of (tjhego
and fro movement of the atrio-ventricular junction  On the other hand, t g
exact relation of this movement to the phases of the heart s contraction coul
not be determmed merely by watching a film projected, and one thelrefore
accepted Bohme’s spohen and written statements, based presumably on

analysts of enlarged stills

The indirect cineradiographic records of the foetal lamb’s heart obtamed by

and Prchard, were accrdental by-products of other waork,
\I:';i[c}l}g:"lr]??nrxfz%)er and, bemng on 16 mm film, had not the detail possessed b\f
Bohme’s records  On the other hand they showed quite definitely the lach o
any marked change n external contour of the heart and (thanks to the persist-
enZe of contrast medum 1 the coronary vessels) the ty pical to and fro move-
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marked contrast to the slowness of onset, without vagal interventron, at 88
dns Trom the 135th dav onwards, under expenmental conditions (r ¢ with
the uterus opened), the heart 1s defimitely found to be under vagal mhibition 1n
the body and 1n general, with such control established, the older the foetus the
slower the heart rate and the lower the blood pressure  Durning the second
half of gestation the basal heart rate, 1€ the rate with the vagi out, 1s about 240
per mmute and the pressure about 8o mm Hg  But, with the vagt intact, the
heart rate at 140, 144, and 1,4 days respectnnely was 204, 168, and 138 per
minute

Ingwlla slg.;o‘) found that acetylcholine injected into the [mgular ven
caused a fall of heart rate and blood pressure, and that sumulation of the
central end of the cut vagus resulted 1n nise of both  He also stated that the
vagus of the foetus had a lower threshold of stimulation than had the maternal
vagus

At 121 davs Barcroft and Bauer found that an mjection of adrenaline pro-
duced a nse of blood pressure associated with bradveardia  Vagal hgation
abolished the bradycardia which they regarded as probably a reflex, rather
than 2 central vagal effect  Possibly lile carotid stnus was i action  Inguilla,
on the other hand obtained a nse 1n both heart rate and blood pressure or;
mjecting adrenaline
o 154 233 Do and B fund st the mchanm f he oo

giulla hikewise reported that pressure changes in the

foetal caroud artery gave typreal sius responses, and he co

ncluded that
lcarol;nd stnus mechamsm was 1n good functional (,)rdcr before the birth Zr;f ;l}:(c:
am

The cardio accelerator centre and one which 15 re:
contraction are also reads to play their parts at birth (Baig;):fstlb};j,gora s(;’)lcmc
‘The preparatory nature of many of the developments menm'mcd 1; O’bl?())
and st justihes Windle s (1943) statement that the blood cireulation of l;ls
foctus 15 less dependent upon asomotor mechamsms than 1s that of thc‘:xdltnhc
(v1) CHANGT'S IN THL BLOOD €O
DURING THE LATTER PART OF qrs ot OROA S
; ‘58 far as they have gone studies of the course of the blood flow 1n
abm s (mfc to 120 days) show no great differences from the ge Hl'nmature
g tatned from studies of 1t n a long series of more mature la bg o the e
and certain parts of the cardiovascular svstem do d o0 chan e other
the last six weehs or o of intra uterine g0 ch

n
provided by the Iiver from "lb(t)l;.lxt pcrc:?tiige (:]t the otal body
percenta, ¢ prov ded by the lungs 155 gc el x
sme as that provided by the Iy
Iner and lungs appear com
roughly similar amounts of b
' \otava
imteress 1o o o et
Fe—38

gs 1s o

veratterm T
arable he degre

ood at burth  About th

Weiters and theref
s and mnﬂforc quted from VY indj,

ncd 10 the 1ight vagan (1943} Tt would be of
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only diminish 1ts external contour 1f the structures with which 1t 1s 1n contact
will yield to a corresponding extent  In the specific case of the heart, mward
movements of the atrin towards the interatrial septum, or of the \éntﬂcle;
towrds the interventricular septum, are imited chiefly by the resistance of the
lungs (which re the organs munly surrounding the heart) to local stretchng
One would imagine that the unespanded foetal lung 1s less vielding than the
expinded adult Jung to pulls of such short duration 2s atrial and yentriculir
systole, further, the strength of the foctal heart muscle, if one m1y judge from
the arteril blood pressure, 1s relvtively less than that of the adult heart muscle
At all events, 1 comparison of foetn] and dult cineridiographic films letses one
with the impression that the contour of the foetal heart changes less than that
of the post-nital heart during the course of the cardac cycle

Trom the above consideration of the mox ement of the foctal heart as 1 whole,
one may pass to 1 constderation of the order in which the parts contract  'The
evidence 1s admuttedly scinty, and comes entirely from studies of hearts which
were exsected soon after death and thereafter continued to beat  An ordmary
cine film wrs made of the movements of one heart, so the evidence 1s not wholly
subjective  The muscular termnnl portion of the anterior vena cava contracts
first, then the atri1, and then the ventricles  Simultancously with the atrrl
systole, there 15 4 contraction of the free portion of the vi1 ststrt which, 1
noted 1 Chapter III above, contuns muscle fibres Whether or not the
mmpulses reach this musculture through the “guy-ropes” has not been
decided , the experiment will be mide when further foetuses become availible,
and ordinry cme records will be tahen as required It 1s rethized that studies
such as thosc mentioned above are not ideal, but 1t may well prove difficult, 1f
not 1mpossible, to follow the contrictions ot the vi1 sinstr1 within the intact

thorns

(v) THE DEVELOPMENT OF NERVOUS CONTROL OF THL
T'OLTAL CIRCULATION

In his book m 1938 Barcroft wrote that before birth no constant vagal tone
1s muntaned m the foetal lamb and that towards term the heart rate 1s high
Since then he and Bauer have gone into the matter more thoroughly and hwve
modified earlier views The following 1s 1 summary of the later findings*

At 88 days occlusion of the umbilical cord leads to 1 gradual fall n the heart
rate, 1n this fil? the vagr are not involved, wnd the effect 1s not due to abolition
of sympathetic tone, 1t 1s probably the result of 1n action upon the pace-
maker About this time, however, 1t begms to be possible to demonstrate
some effect of distal stmulation of the vagus nerve, 1¢ refle slowng should be
posstble 1f the shmulus 15 Adequate At ror days central stimulation of the
vagus 1s effective, asphyua, also, cn produce 1 vagal fall m the heart rate
after a latent pertod of 10 seconds At 105 days occluston of the cord produces
a vagal fall in the rate, at 119 days the rapidity of onset of this effect 1s 1

* ve been made available to us before publicauon through the hindness of Sir Jasepht
Barc’l{;zl:‘:ya]::i \e\c wish here to acknowledye our 1:25‘!;!;2:1::: g:x; t(l;]l:tc:)hu:r:ccsg‘:;,\mbdgn (Ia\bt.{;ncd

M M L P Sir Joseph (personal commumea
from stethoscopic cxamnation through the tissues of the intact ene
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1t has not been possible to determune the irntabihts of the duc:!us am(:lno;us
«a the ntact, immature foetus  For such a foetus 1s not ready to fevd anndepen-
dent Mife after mterruption of the placental arculation and evposure 10 atmo
«pherc temperature Hence no radiographic records are marfable to demon-
sirate the contractihits of the ductus at this stage of sntra utermne hfe  There s
howeser, same evidence obtaed by other means  Tor the ductus of a 100~
dms' foetus exarmned smmediately after death of the ammal mas contract
down ten htle if at all (Barclay Eranklin and Pachard 1942, ¢) w herets
that of 2 mature foetus, 1f not already fully contracted when the thorax1s opened,
may, actually complete the process while 1t 15 under examunation

"There are certan vessels bestdes those mentioned abo.e, which coniract
downafter burth e g (to -ome extent the extra-hepatic portion of the umbihical
ven and, over most of thewr cource {to a much greater extent) the wtra-
abdommal portions of the umbiheal artenes  But about any intra utenne
ncrease of irntability 1n these there s not much evidence avatlable so one must
postulate rather than prove

The comerse side of the picture, 1€ a preparation for tncreased blood flow
rather than for cessation of flov after brth, must presumably occur 1n some
vessels, eg those concerned with the supph of shefetal muscles and the
digestiv& tract, but direct evidence for this 1s lacking

There one could 1f one wished, end this account of the pre natal areulation
and crrculatory ystem wn the lamb, for nothing fusther can be added to 1t from
the aincradiographic records  There x» however certain information which
has been obtaned by other means and which should properly be included here
1f the reader 18 to have a better understanding not only of the circulaton svstem
but also of the respiratory and neuro-muscular systems the actnies of which
cannot ultimately be separated from those of the arculatory one  The evtra
mfotmation 15 to be found msanous publications by Barcroft and his colleagues,
and all together 1t forms a very considerable contnbution to foetal phiswology

(vw) THE ON\YCEN SUPPLY QF THE MATURE FOETUS
One of the masn tunctions of the urculatory system 15 to carry ovsgen from

the placenta to the various parts of the body 1o
udge from thy
of lambs soon after burth 1ntra uterme provisions h'!.\\ egbee the shittshness

o n entirely adequate
p l‘actames, therefore, as someshat of a shock when one Yearns for the ﬁrs;l ume
(1) The adeguacy of the placental bed dechnes from
100
(“ﬁ; 1;11,6‘ zh.:m‘g: ér{um(;iﬁe foetal 1ype of haemoglobin to !g:‘;ol;? rtxgt:n(l":?;;e
ess sutted for
Crfore o ess Mg up oxvgenan the placenta) takes place some time

(3} The onygen aturation of the blopd

e found 1 an adult human bemg mﬂsmzitht;r‘xlxsazxmﬂzr o that whick would
There are however pomts on the ogher side ?
(1) Tawards term the blood pressure nses thus mery

e placema easing the flow through

(2) There 1s mereased formation of h
aemogloben ,
(3} Skeletal movements and postural arﬁut) (see below) are whibied



114 THE FOETAL CIRCULATION

organ, 1¢ the spleen, one can provide no radiographic evidence of consequence,
for this viscus does not, 1n the foetal lamb, 1emove njected thorotrast from the
blood and thereby show up 1n radiographs, post mortem, 1t 1s not ven large

(vu) INCRCASING IRRITABILITY OF VARIOUS T'OETAL VESSELS
AND CHANNELS TOWARDS TLRM

Among the structures which are functionally appropriate to the circulation
at term, but which, in addition, are ready to play their parts in the change-over
to the post-natal circulation, 1re the umbilical vessels at or near the umbilicus
various 1ntra-hepatic 1enous channels, the ductus venosus, the via stnistra, and
the ductus arteriosus

"The umbilical vessels at or near the umbilicus are the most important m this
hist, for 1f they do not ciose down at or soon after birth, the lamb will obviously
die  On the other hand, patency of the v11 simistra or of the ductus arteriosus
may not hve 1ny very sertous consequences (Beattie and Morton, 1939) So
far as the evidence goes, the irritability of the umbilical vessels at or near the
umbilicus increases towards full-term” The intr1-hepatic umbilical vemn and
1ts offshoots, and the sinus intermedius, may at the same time exhibit variations
1 calibre that one can only attribute to stmilar increases 1n arritability , 1 vessel
may be wide during the course of one mjection and very constricted during the
course of 2 second one only 1 few minutes afterwards The different vessels
do not constrict or dilate 1 unison, so there 1s no question of a varation of the
blood nflow as 7 whole, 1t 1s just that the vessels all seem, so to speah, some
what “jumpy ” On the basis of 1 relatively small number of records, one
would say that there are constderable ndrvidual differences 1n respect of this
intra-hepatic irritability

The * sphincter ” of the ductus venosus, though not of any great absolute
width, 1s relatrvely much thicher than any musculature i the walls of the intra-
hepatic vessels that have just been under discussion  Its irntability increises
towards term and 1t can exhibit rapid contractions and relwations m 1 foetus
delivered by Caesarean section, even though the placental circulation 1s un};
nterrupted and pulmonary respiration 1s prevented by 1 nose-big filled wit
amniotic fllud  On the other hand, the sphincter does not exhibit so high 1
degree of irritability 1n all foetuses under these conditrons, so here again there
are differences between individuals, as one might have expected -

Of the 1rritability of the free portion of the via sisstra there 1s very lttle
direct evidence available, but in at least one foetus there was a temponi:x?
closure of the via while the placental circulation was contmuing and w rlet_:
pulmonary resprration, though not necessarily respiratory efforts, \t\ 'li uPth
vented It s said that the musculature of the pars hbera increases up to burth
certainly 1t 1s very obvious at term, while 1n imm-ture foetuses the mem| ;a}r:

ay be pracucally transparent  As already mentioned, the musculature of the
n;r}s’ lxbga contra{:ts 1n the exsected heart, ssmultaneously with the atrra On
Fhe basis of these various observations, one can reasonably suppose th:ts ttql:g
pars libera 1s more contractile towards term, though one calnn;)t at pres%ertlhe e
how large a part its musculature plays 1n the functional closure of

sinistra
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dead or at least soundly asleep It can, however, be*“ wohenup’ by wsphyvs,
suitable section of the brain, or exposure, and it 15 necessary to explam the
mechanisms imolsed  Throughout the pertod from the 34th d1y to term, the
effect of asphyvma 1s fundamentally the same, nimely, a depression of the
central nervous system with the higher centres more affected than the Jower
ones  The visible signs of asphyvia, on the other hand, change mathedly
character as ever hugher parts of the bram becore included with the progress
of gestation, in the functioning nervous system In the earhier stages the
hnghest functioning centres are those which exaite shelctal movements, so the
end result of asphywa ts reduction of muscular actnnaty  In the Iater stages
the oppostte 15 true, for the lighest functioning centres are now inhibitory
ones  hence the end result of asphywia at these stages 1s release of the lower
centres and, therefore ncreasc of muscular activity  Suitable surgical section
of the brain effects a symilar, but permanent, release and a foctus subjected to
this procedure remams active throughout — Lxposure increases activity because
of the mcrease m exteroceptive nerve impulses which takes place when the
Jamb 1s removed from sts isothermic and more or less 1sotonic external
environment 1e from the amniotic flmd  Directly 1t 15 so removed thereisa

development of muscle tone which does not normally evist in utero
The differentiation of movements mn the foctus occurs as follows  Up to
about the 42nd day the only hind of movement 1s a spasm  Thas later dev cl;a H
;n;z;sgcneem: s%asxlllwdu, {31} thm l\l\h;lch can be divided 1nto an initial spasm :lr;:d

equent rhythm QA st
mual sg:um so‘matxc in ch;cxf;ctér :\ﬁhg;rssr::}cssgfscn;o?llc R b?mm“ o
ents  [he subsequent rhythm, on the otgcr hﬂndnbfcrg‘ s resmiato
character, and regulated 1n frequency and am 11tu‘de :ncs e
(s::) Lrtspxm'tlg}n;\ rhythm and (2) labial and luEgual rl'u :hsmfmc?&(\!:ggs n;:s
ching e response to st ,

locr;lhlatcr it becorgcs more \\lﬁgsl;)lrl::\r:l?flsg}ﬁgglrl‘:c:t]Is;g(f:r fr:'(:)‘:t!: [l;cerc‘uir:Z: { ﬁcrs‘l
€ Tespiratory movements 1t 50 days or so are incapable of d o
thing 1nto the thorax, for the chaet wall e trachen 1o e Any-
Nornally the ot omreres est wall 15 soft and the trachca 1s not opcn
acceleratycd after somnti‘c‘ a::‘.::;m“zz a:r:l I:lccll\“, lzlm ey are deepened and
not at this stage mitiate. or deentn, o o ren th carbon diovide cxeess do
6both day they tend to disap earp\ » or quichen them  Between the yoth and
inhibnory mfluence of thephx \ er: common with other movements under the
already, described by appro ngate centres  But they can be unmashed as
the ved nucleus the resprratiy surgical section 1 the cut 15 made below
‘kl: PIng 1n ty pe and the muscular movements

ration 1s gas
erhy , 1f on L3
jerhy the other hand, the cut 1s made abos ¢ this nucleus the respirato

moyements are formal 1n type and the som

thfit )(hcrc are present at term, not only
1) 2 orcwiiony system functionin ¢ 1mmediate nee an-
: \: functiony g for the immediat needs of the organ.
2) 2 1espiratony system namels, the place; unctioning similarl
1
Y y ] lacen
P Ty p ta, fi ji4 1 y, but
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during the second half of the gestation period 1nd certun mmportant organs
(first, the umbilical mosety of the Iiver, and secondly, the heart, brun, thyrod
and thymus) get the most oxygenated blood that 1s available ,
. (4) The foetus does not have to produce heat 1n order to keep up 1ts tempera
ure ,

(5) The Bohr effect 15 of 1ssistance to the tissu
. hlc)h they oo ssues 1n obtaiming the ovygen

(6) The oxygen content of the blood, as opposed to 1ts saturation, remams
faurly high , and

(7) The bran of the foetus and newborn anmmal 1s less susceptible than that
of the adult to permanent damage from anoxi1 (see Windle, 1943)

In the full-term foetus, 1n consequence of these compensating factors, there
15 no indication of any serious degree of asphywin which, by putting out of
action the highest centres, would release the reflex muscular moements
mediated through the lower centres (see below)  One may, therefore, say that
the functioning respiratory system 1n the mature foetal lamb 1s adequate for the
immedsate needs of the organism

(x) THC DEVELOPMENT OF RESPIRATORY MLCHANISMS WHICH
WILL TAKL OVLR AFTER BIRTH

The cardiovascular change-over at birth 1s effected by modifications within a
system which has already been functioning up to birth The respiratory
change-over, on the other hind, demands the development, during foetal life,
of an entirely different mechanism from that which provides for the foetus 1n
utero A study of this development cannot be entirely dissociated from the
study of the development of the neuro-muscular system 1s a whole, so the
following survey deals to some extent with both ™ It 1s based mamly on
publications by Barron and Windle (1936), by Barcroft alone (1938-1943
passtm), by Barcroft, Barron, Cowse and Forsham (1940), and by Barcroft and
Barron (1942, b)

In the furst part of intra-uterine life, the only movements observable in the
embryo are the beats of its hewt  Between the 32nd and 34th day, however,
1t becomes possible to elicit contractions 1n sheletal muscles by direct faradic
stimulation, 1nd 1bout the 34th day a rather strong tap on 1 specific shin arey,
re just below the eye, causes 1 reflex twsst of the neck w hich results 1n 1 bach-
ward movement and rotation of the head The stimulus has been piched up
by 1 branch of the fifth nerve which 1s still in course of development 1t 1s the
sole stimulus which, 1t this period of the ammal’s growth, will ehait a reflex
movement As time passes, the receptive shin-area mcreases 1n extent, the
threshold of stimulation falls, 1nd the reflex movements not only myolve more
muscles and last longer, but 1lso assume more purposive charicters, to which
reference will be made 1 the nest paragraph  The period, during which
reflex activity ncreases so strihingly, 1s one 1n which the spmnal cord and hind-
braun are developing functionally and 1t lsts up to about the 50th day, when the
nhibitory activty of the fore-brun begins to esert 1 damping nfluence on tlllc
motements By the 7oth day this influence 1s predomunan, and immedstely
after exposure 4 foetus of this age lLies without movement to all apperances
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dead or at least soundly asleep It can, however, be *“ wohen up ” by asphwa,
sutable section of the brun or exposure and 1t 1s necessary to explan the
mechanssms imolved  Throughout the period from the 34th dav to term, the
effect of asphyva 1> fundamentally the same, namely, a depression of the
central nersous system, with the higher centres more affected than the lower
ones The visible signs of asphywia, on the other hand chinge marhedly
character 15 ex er ugher parts of the bran becowre included, with the progress
of gestation 1n the functioning nervous system In the carher stages, the
Iighest functioning centres are those w hich evaite sheletal movements, so the
end result of asphyaa 15 reduction of muscular actity In the later stages
the opposite 15 true for the highest functioning centres arc now inhtbitory
ones, hence the end result of asphy\ia at these stages 1s release of the lower
centres and therefore, increase of muscular actvity  Suitable surgicat section
of the bramn effects a sumilar, but permanent, release and a foetus subjected to
this procedure remains actrve throughout  Exposure increases activity because
of the 1ncrease 1n exteroceptive nerse impulses which tahes place when the
lamb 15 removed from 1ts ssothermic, and more or less sotomic, externil
environment, 1 ¢ from the amniotic flud ~ Directly 1t 1 so removed, there 1» a

derelopment of muscle tone, which does not normally et 1n utero
The differentiation of movements m the foetus occurs as follows  Up to
about the 42nd day the only hind of movement s 1spasm  Thus liter develaps
1m0 a general spasmodic rhythm, which can be duvtded into an 1nitial sprsm and
a subsequent thythm  Later still the general spasmodic rhyvthmn becomes an
wutial spasm somatic 1n character, with progressive and gravitational compon-
:‘}::m e s;llbsequent thythm, on the other hand, becomes respiratory
o rese:m?: rehgu];:ted mdfrequenc) and amphtude, 1ts componeants ace
sucl\mgp Tl:; rzs)'; m, an (2? Iabial and lingual rhythm chewing and
Toorh Bher 1t b rg e:;e] ;o stimulatton of any particular afferent nenve 1s at first
re widespread and finally 1t once more bccomes local

The respirato
ry movements 1t 4,0 davs or so are incapable of d -
thing 1nto the thorax for the ch H o otopes

est wall 15 soft and the trachea 1s not o
;\cg;:xﬂlt)e d‘h? movements are shallow and slow but they are decpened Xz:;::l
e ; att:r somatic activity - oxvgen lack and carbon diovide excess do
both cay o gt:n\;matde or deepen or quicken them  Between the soth and
hibiory e to (1sappear 1n common with other movements under the
aread, dEScnbedci of the fugher centres DBut they can be unmashed as
the red nudlone. the r) t:}gg;zgrr‘mte 2urglcal section  If the cut 1s made below
ks f on the other hand th;scglltsgl‘;%a;izt;br;e\ 22;11 e raulis movements

Molements are
T normal in type and the somatic mov

1s nucleus the resprratory
e broad corres

ements more sustained
ments 1n the porres S?;\gi‘;ces h;&\\ een t}h(: arculatory and respiratory arrange-
thit hene s 18 obvious from what has been writtes
€ present at ter; et clear
Ny m not only
and

cula
- "oy system functioning for the immeduate needs of the organ-

2) a Tespiratol 10Nt mul,
TV 8y st
ystem, namels, the placenta, function ng simi arl) » but
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. (5) mcc(:ihamsms prepared to effect the change-over of (1) to the post natal
vpe, n

(4) a respiratory system suited to replace (2) fter birth

Onc of the most surprising fentures of the whole business s the earliness of
the stage at which the wticip itory mechamisms 1re first detectable  Des clop
mental studies are always providing one with causes for v onder, but 1t 15 cer
tandy remarkable that embryo, less than an meh in fength, 1s alrendy bemng
prepred for 1n event that wall not take place until about 110 days later, by which
tlmclthe once minute creature will have become 1 siznble toetus of 3 to 5hg m
weignt

{+) CONCLUDING REMARKS

There one may lewe the more gencral story and resert to the real subyect of
this Chipter, namely, the foetal circulation The account of the cardio
vasculir system (1) functioning for the immediate requirements of the orgamsm
nd (2) simuitincousls undergoing developments that fit it to ply ts part
during birth, includes pricucally aif the exact knowledge that has been acoumu-
Inted 1n recent years  The objectrve records on which the story 1s based are 50
numerous that there cin be no doubt 2bout the course of the bloed flow under
the experimental conditions that have actually obtuned  The only question,
therefore, 1s whether such findings are applicable to the foetus i utero  One
cin answer 1t as follons The sole serious change from the mtri-uterme
conditions has been the remaval of the greater part ! of the foetus from the
ammotic fluid  The conscquent effects of esposure of the lamb’s shin to room
temperiture hne been mmmized by drving the Iwmb smmediately after
delnery, and by heeping the room as warm s possible  The umbthieat cord his
been wrapped in dry cotton wool, 1nd care h1s been tahen to avord mechcal
sumulation of 1ts contuned vessels  One can vlse pomt out that records,
begun and completed within 30 ind 6o seconds respectively from delwery,
hwe given the same circulatory picture s records begun and ended much
lwer  On the face of 1t, 1t seems unlihely that any serwous change his tihes
place 1n the crculation within half 1 miute of delnvery by Cacsarean section,
s0 1t 15 reasonable to suppose that the preture obtancd 1s identical with that of
the blood flow n utere

This being so, 1t 15 ¢ 15y to see m what respects the varsous hypotheses of the
toetnl circulation (sec Chapter I) have been at fault, ¢ g Harvey was wrong
denying a pulmonary flow before birth, and so forth  The final story hs some
resemblances to Sibatier’s schema, 1s modified by Bichat, but 1t differs from
it 1n an importnt point, for 1 considirable residunt flow passes from the first
patt of the orta wto the sccond  In the [imb, too, the anitomreaf basis of
Sibatier’s orygmnal schemn, 1¢ the Custichian valve, ts non-exwstent  Lor
these reasons, ind also because ficts arc very different thgs from hy potheses,
the present story cuanat be regarded as 1 confirmition of Sabatier’s views It

1s i on entirely different category from the various sttc

stands by tself, and
ments th)"u: have appeared at intervals during the lst three hundred years
the foctus from which mmpulses pass to evohe pul

: on has been the muzzle of \
respx’x‘r\};x&of\“c%:er this 1mportant skin area the intea uterine enttronment has been arnhaially ro
tamed by means of a nose bag filled with amniotre fitud




CHAPTER V
The Burth of the Lamb and the Rupture of tts Umbthcal Cord

SovE description of the natural process seems to be required at this point,
Le after the Chapter on the circulation 1n the mature foctus and before that on
the changes which occur duning and shortly after, birth  Itis not, howeser, easy
to get first hand accounts of natural lambing, for those who have most practical
expertence 1¢ shepherds are either not loquactous or else are not concerned
much it the aspects which are of interest to the scientist  The matter 15
turther complicated by the facts that flochs vary in thesr habuts, that natural
birth differs from assisted birth, and so forth

In view of the above mentioned difficulties and of the lack of monographs
devoted solely to ovine obstetrics 1t scems best to present here three accounts
and a number of photographs  The first of the accounts 1s a precis compiled
from vanous scientific works (Meyer, 1914 a b, Flemung, 1930, Marshall
and Halnan 1932 Williams, 1940) the second gives the personal experience
of afriend Mr M ] Hurst, in the Pennines and the third 15 from an article
which was written by Mr Macdonald Hasungs and which appeared 1n the
April 4, 1942 number of Pucture Post  The 1illustrations are photographs
which were tahen by Mr Kurt Hubschman m connection with that article
and most of them have not previously been published !

(1) A PRECIS OF SOME SCIENTIFIC ACCOUNTS

It 1s important to remember that the ovine placenta 1s

tipe that the length of the umbilical cord \anpes but 15 ot?:ix:hsf C!l;ltg ls;i;em r\f
2010 25 cm and that the umbihical artenes are free to slide 1n and out of t}: Y
section of the umbilical nng while the umbilical s enae cormtes ar bl o
do Ihewise 1 respect of thewr section of 1t These points ma y u}?a b
elaborated somewhat  The cotvledonary character otPtha lacer}\z B o
partial detachment can occur durnng birth without th‘; foet " !YLe:ms that

asphvviated (contrast the case of the equine foetus described 1n Clllls V1L
The length og (Petcord 15 fsu}:h l‘hnt the lamb can normally be bzl:;e:\\‘(igl)t
3 of the uf

n and out of the ning 1s of 1mporrtance mn thehperg?r?!?;‘:)fft o .:rtenes o move
rhage from thes vessels this freedom according to '\Iepus natal huemor-
peculiar to rummants In rumiunants in addition  ac y;' (x9‘4’ 3, b) 15
suthonty the Wharton s jelly of the cord 15 sem fi dw: 8,10 the sime
movement of the vessels within the cord  The arg o, nd does ot restrict
out trom the abdomen 1nto the cord or retrace fr en}‘fs can therefore be pulled
according to air The umbilical \en(:)\x:éo e cord into the abdomen,
z:‘u;\ retract m‘l‘l ard; the umbilical ring because of the ;enltesn on the other hand,
arton s jelly but they cannot reteact b mt flud character of the
ttachments 1n the neighbourhood of the r,n§)°ﬂd this because of theyr firm

g
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() mct(:ihamsms prepared to effect the change-over of (1) to the post natal
type, an

(4) a respiratory system surted to replace (2) after burth

One of the most surprising features of the whole business 1s the earliness of
the stage at which the nticipatory mechanisms are first detectable  Des elop
mentl studies are always providing one with causes for wonder, but 1t 1s cer
tunly rcmarhable that an embryo, fess than an inch n length, 1s lready bemg
prepared for n event that wall not take plce until about 110 days fater, by which
ttme }Ehe once minute creature will have become a sizable foetus of 3 to § hg in
weight

(x} CONCLUDING RLMARKLS

There one may leave the more general story and revert to the real subject of
this Chapter, namely, the foetal eirculation  The account of the cardio
vasculir system (1) functioning for the tmmedtate requirements of the organism
and (2) simultancously undergomng devclopments that fit 1t to play its part
during birth, includes practically Al the exact hnowledge that has been accumu
Inted 1n recent years The objectrve records on which the story 1s bised are so
numcrous that there can be no doubt 1bout the course of the blood flow under
the expenimental conditions that have actually obtamed The only question,
therefore, 15 whether such findings are applicable to the foetus 1 utero  One
can answer it as follows ‘The sole sertous change from the intra uterine
conditions has been the removal of the greater part! of the foetus from the
amniotic fluid  The consequent effects of exposure of the lamb’s shin to room
temperature hive been minimized by drying the lamb ymmedrately after
dedivery, and by keeping the room aswarm s posstble  The umbilical cord has
been wrapped in dry cotton wool, and care has been taken to avosd mechantcal
stimulation of its contuned vessels One can also pomnt out that records,
begun and completed within 30 and 6o seconds resgecm ely from delvery,
have grven the same circulatory picture s records begun and ended much
later ~ On the face of 1t, 1t seems unlihely that wny serous change has tihen
place 1n the circulation withmn half a minute of dehnery by Caesaren sec(xonf,
s0 1t 15 reasonable to suppose that the prcture obtuned 3s sdentical wath that o
the blood flow 1 utero fih

Ths betng so, 1t 15 easy to see 1n what respects the various hypotheses of the
foetal circulation (see Chapter I) hvve been at fault, ¢ g Harvey was wrong i
denving 2 pulmonary flow before birth, and so forth  The final story hs :fomc
resemblances to Sabatier’s schema, as modified by Bichat, but 1t differs rﬁom
1t 10 an 1mportint pomt, for a constderable residual flaw prsses from the rs;

art of the aortt mto the sccond In the lamb, too, the anatomical basisr o
Sabatier’s original schema, 1 the Eustachitan vabve, 1s non-existent N ar
these reasons, and alo because facts re very different things from hy pot esr:isE
the present story cannot be regarded as 1 confirmation of Sabatier s wu&smcn
stands by stself, and 1s m an entirely different category fror}r)l thde wémous s
ments that have appeared at mtervals during the last three hundred years

huch mmpulscs pass to evohe p Y
* been the muzzle of the foetus from v
respg‘:ﬂf;\‘ce}gﬁ? };}::‘ss important skin arca the intra uterine environment has been artificially re

tained by means of a nose bag filled with ammotic flusd
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will contain onls the two obliterated umbilical venae comistes  According to
Meyer, they are about 3 em long and 3 mm 1 darneter  If the cord 1s sht
up, the artessal section of the umbiheal ning 15 seen to be represented by a smalf
arcular openmg about 4 mm n dameter ling directh caudal o the con-
tracted vemns  But these are the findings 4 to 12 hours after birth, whih are
serted here merely to complete the story and to show how hremorrhage 1s
prevented from the ends of the sessels when the cord s ruptured after the birth
of the lamb

The ewe licks the newborn anmal and thereby cleans it The same action
probably helps to remote the semt flud Wharton s yelfy remasning 1n the stunw
of the cord and, if necessary to stmulate respiration Very rapidly the hm§
15 able to nght sts head and thereafter to nise on 1ts fgs and 1o seek the nourishe
ment nating for 3t 10 5t mothers mammary gland

The third stage of fabour 1s not usually long delayed  "The exe, lthe most
other mammals (Lenkert, 1920), 1s hable to devour the afterbirth unless she 1
deterred from so daing  ‘The ady antage 1f any, of such placentephagua has not
been determined

If there 15 more than one foetus, the mterval between biths may be from
I3 munutes 1o 3 hours (Flemmg 1930 184)

One 1s nat really concesned 1n this accaunt, with the del
the umbilrcal vessels which occurs 1 considerable ume after burth and whych,
m the case of the vems depends on therr sfow ltheration from their umbﬂ\ca(
attachments  Those who are mnterested m this process are referred to the
pa%ers by I‘\Ie\crh(xgt.; a b)

© conclude this section ‘one should point out that the
the nes born af the human bewng :mdp f lumb, 1n contrast to

of many other mammals, exhy
remarhable degree of activity \erv soon after irth ’ bits 2

aved retraction of

() NOTFS ON LAMBINC I\ THE PENMNINES

of the P
ap%i\;able m\[}“ t?) o Sgee;nmnes) Thus muck of what 15 written below 14
cjore tatbing —The eves become ver restless and b
loohang tor place 1 which \lq kusxb The}v quite ;ften n'}E g::ig‘;ta ggg{'gﬁ ?f f}{: :
eltered spot, and th >
resotts  especially thase an the fgll side of m?’é‘.ﬂ%};})&!\r];g be fashiamble
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Normnl brth can be divided 1nto three stages
1) Contraction of the uterus and dilatation of the cervical canal

(2) Active expulsive efforts by the diphragm, abdommal muscles, and
uterine walls resulting in the passage of the foetus through the birth canal
w (3) The expulsion or dropping away of the placenth and membranes, or

afterbirth ”

During the first stage, the duration of which 1s not specified, the ewe suffers
intermttently from pain and more continuously from discomfort The pun
causes her to make sporadic bleats, the discomfort makes her restless and
agitated  If at iberty, she sceks 1 remote and quiet place in which she may give
brrth out of sight and undisturbed

According to some suthorities (e g I'leming, 1930, 183), the ewe usually
gives birth standing, according to others lying on her side  Normalls, the
duration of this sccond stage 1s about 15 nmunutes (Fleming, 1930, 184)
The usual presentition 1s_the fore-limbs, followed by the head, but other
presentations can occur  If the ewe gives birth standing, the umbilical cord
ruptures as the lamb reaches the ground  If she gives birth Iying, 1t ruptures
15 she rises from the ground  In other words, the cord 1s weaher thmn the
placental attachments and cannot bear the sudden strain imposed 1n the one
case by the fall of the lamb, and 1n the other case by the pull necessry to hft it
from the ground  Rupture occurs towards the foetal rather than the plicental
end of the cord  According to Meyer, the umbilical arteries probably rupture
1t points which before the traction on the cord were intra-abdommal but which
during 1t are extri-abdominal, and the mtial pull on the ntri-abdommnil
portions 1s the cord 1s stretched 1s hiable to ciuse tears in the over-lymng pcn-
toneum  After the cord has ruptured, the severed ends of the arteries retrict
rapidly through their section of the umbilical ring (thss sectron thereafter con-
tracts down to 1 fraction of 1ts presious size) and come to rest within the abdo
men 1bout 2 to 3 cm from the umbihcus  The amount of retraction, from the
point of rupture to this resting-place, 1s equal to 1bout 30 to 50 per cent of the
total intra-abdommal length of the vessels, and the retraction and contracuon
of the smooth muscle fibres result in thichening of the arterrl walls  Hence
such haemorrhage as occurs 1s very shght, 1t may be subperttoneat or, if
the ends of the arteries project through the torn membrane, ntra-abdomnl
Arteries examned shortly after birth were found by Meyer to be contricted
and empty save for small 1solated clots or pochets of unclotted blood The
ruptured umblical venie comites contract up to their point of fusion within
the umbilicus or abdomen, and the single vessel resulting from their fusion
may contract just at its distal end or, exceptionally, throughout its length
The vemns 1n the cord also retrict from their pomts of rupture towards the
umbilical ring but cannot, like the artenes, retract through 1t Therr con-
traction and retraction result 1n thichening of therr walls, reduction 1n thar
dimeters, 1nd obliteration of thexr luhmx}m ‘;I‘he:‘ :63::02 gﬁ htl?:e Um:tll?h‘g

ssu with their diminutn 1
rng probubly narfows pa c}!”: ein there 18 commonly a small blood clot not

le €
distal end of the sm%lie\:lls;re 1n this vessel the blood 1s uncorgulated It s

th, but
i)(g,\gmfsmfrmbrg the :bme ccount that the stump of the cord shortly after birth
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1 fes minutes and immeduatel;
e mth
metimes triplets—acrives an
- later  Oddly enough~after th
und the shepherd being 1n attendance
«a and on their feet, the shepherd pichs them u
by the forelegs o s them—folloned by the bleating ewe~—10 the fok
The fold 1s a set s hurdles divided into compartments and protected from th
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saves much unnecessary walhing  When the lambing proper begins, the ewne
lies on her side and labours, jerhing her head noticeably  Theoretically, if she
1s lambing correctly, it 15 best to lenve her to herself, but in practice on the farm
which I hnow, nd I imagine on other hill farms (where, though the ewes come
off the fell to lamb, the flock can only be visited at three-hourly mten als because
of the area 1t covers, and not at alf at mght), when the ewe 1s found Inmbing,
the lhmb 1s ““ pulled ”  This 1s becuse the lamb could easily be illed before
it 1s revisited, either through “ hanging Sstrangu]ntlon by the muscles in the
vagma) or through suffocition  The usunl presentation 1s the head resting on
the two fore-legs, but one or both legs or the head may be back, and the lamb
may also come breech or back first ~ Lspectally with tup lmbs of the horned
breeds 1s the danger of strangulition great In some cases the horns re so
developed as to ciuse great difficulty, or even impossibility, of lambing un-
assisted  This 1s aggravated 1n lowland flocks of horned sheep if they have
been turnipped  Lven 1if the lamb 1s not strangled, 1ts head and 1ts tongue,
which 1n such cases protrudes, will be terribly swollen Ths swelling
goes down within about 24 hours from birth 1nd 1t appears to cause no
arm

In cases where assistance 1s given, the protruding water-bladder bursts 1s
the Jamb 1s pulled The umbilical cord breaks about the trme that the hind
legs come free I 1magine that 1n unassisted cases 1t breaks as the ewe gets to
her feet to hck the lamb

I was told, but have not myself seen, that when 1 ewe dies the lamb dies
almost simultaneously  As an example, the following was quoted A ewe
killed herself heaving, possibly bursting 2 blood vessel Two sibling limbs
were 1t once pulled, but they were stone dead, though they had only just died
If they had not recently died 1t could have been told, as the fleece would have
rubbed off in the hands

After birth —There 15 only 1 very little bleeding  If that part of the mem
brane bag which covers the muzzle of the lamb fads to break, the lamb will soon
smother unless the ewe licks the part away or the shepherd 1s there to remove
it Normally the afterbirth, or cleamings, comes away soon after the limbmng ,
or the ewe may trail 1t about for an hour or so

(m) LAMBING ON THL WILTSHIRE DOWNS
By MacpoNaLp Hastings

d
When the flock are ready for lambing, the shepherd brings them n to a fiel
nenr the farm, called the Pe}n Tield Thenceforward, day and mght, for perllnpb
a fortnught, he watches the ﬂockbuntlé ]e\ ery e\\efh']ls Jambed  If no complica
n, the actual birth 1s absurdly uneiventiu
tw'rl‘lixze;\:e walks 1bout pretending to feed and searchmng for 1 suit1ble place
for her accouchement Nobody knows what factors dectde her choice lBu(;,
when she’s satisfied—1nd when she’s sure that nobody, not even ﬂrle shepherd,
1s loohing—she hes down, gets up, and then ltes down agun  When she li\es
down for the sccond time, she drops the lamb with a single quick cﬂ'ort] ;
the lamb falls, a bag which contuns 1t breths away  The ewe licks the Inm
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~—Lnassisted lambing ~ For deseription see text

clean  The lamb struggles to 1ts feet withun a few minutes and \mmedmcl)
begins nuzzhing 10to 1ts mother s wool to find the myk

The second Lamb—there are usually twing sometimes triplets—arrines any
tme between ten minutes and a few hours later  Qddly enough—after the
first famb 15 born —the ewe doesn’t mind the shephery

d being 1n attenda
As soon as the lambs are clean and on therr feet th, g i
by the forclegs and

e shepherd picks them
carrtes them—folloy ed by the b(entu?g ew e}Z——to th:. forf
The fold 15 2 set of hurdles dvided into compartments and Protected from the
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weather by great wind breaks of straw Lach famuly 1s put into 1 separate
compartment, and each ewe 1s gnen a good feed of hay

When all the ewes have lambed, the shepherd turns the flock into another
field bringing them m at night to the fold To wean the lambs off their
mothers he separates the lambs from the sheep during the night In the
mormng—when the lambs are let out—there’s a ternfic ‘to do’ until 1l the
familtes are umited agmn  But, day by day, the lambs become more indepen-
dent At three months, they are mutton 1n thesr own right

(v) PHOTOGRAPHS® OF LAMBING
Tanen By Rurt Husscmas

Lambing as 15 obvious from the preceding accounts can be naturat or
assisted  Both types are shown 1n the photographs which have been included
ES i}lus\rgmons to this chapter

1gs 6972 are of the unassisted process  In fig 69 the ewe 15 seen stan
with the first sibling (“ twin ) by her side  In fig ?,o she 15 lying dow “%:g
the second sibling has just been born  Fig 71 shows head nighting just
beginning 1n this second lamb and fig 72 shows the development of bads-
nghting  Soon this lamb will be getting up on 1its feet

Figs 73-78, on the other hand are of an assisted birth, 1n which the shepherd
ady 1n the process  Fig 73 shows the ewe lying down with her first sibln,
by her  Fig 74 shows a fore-foot of the second lamb presenting through th%
dlated vuha  Infig 7, the animal 1s nearly half born and the subsequent tw
figs show the completion of the delnery “The umbilical cord \\hxgh 15 seeg

tensed but still intact m fig 77 has been ruptured -
lamb 1s completely separaﬁ: le)m its motl:el-:'p ured before fg 78 n which the

Finally, as a tatlpiece, fig 79 15 mnsested  In th
though stll with 1ts mother and 1n part nounshed‘i)p ‘}11::?%;25:\ :10n mlher lamb,
s way to complete independence ’ usly well on

* Details stand out almost stereoscopically if one uses g magnify mg glass

FIC 79 —The Lamb welj on the w2y ta independence



CHAPTER VI

The Changes occuirmg during, and shortly after, the Buth
of the Lamb

THE birth of a higher mimmal 1s 1 fascinating event to watch, but the tash of
the moment 1s less to enlrge on the wonderful nature of the process than to
analyse and explain, so far as possible, the chinges which take place during the
birth of the lamb  The evidence that 1s at present 1vailable about the order of
occurrence, and about the causation, of these changes 1s dernved partly from
observation of natural birth, and partly from experiment, and 1t will never be
possible to eliminate this second source of information, because so mny of the
changes occur out of sight within the body  Hence one will always hase to
assess how fa1 evperimental findings are applicable to the story of normal
birth  In addition, one has to recogmze that there are individual differences
between births, eg 1n the time of onset of pulmonary respiration and so
forth

With these provisos, one m1y list certun major changes occurrmg during,
and shortly after, the birth of the limb as follows ?

1 A partial change in the external environment of the lamb  In utero this
external environment consists of (a) the matermal-foetal interfices n the
cotyledonary placentn, and (b) the more or less 1sotonic, imniotic flud ~ The
partial change mentioned 1s the removal of the lamb’s body from the amniotic
flud 2t 37° C to atmosphenic ur and to contact with solid surfices  The
consequent cooling 1nd mechanical smulation of the exposed body result in an
immediate development of muscular activity and also cause, or md 1n, the onset
of pulmonary respiration

2 Transfer to the lamb of blood contuned m the plcent1 and umbilicil
cord, provided sufficient time tlapses between birth and the rupture of the
cord
3 Completion of the change mn the lamb’s external environment (sec 1
above) through rupture of the umbihcal cord The lamb 1s now 1 separte
individual

4 The onset of pulmonary respirition  This may precede 3 bove if the
umbilical cord 1s compressed durig the birth of the lamb

A nise 1 the lamb’s artertil blood pressure, leading reflexls to a fall
heart rate 'The rise 1n pressure may be sufficient to establish the carotid smus
mechanism as a functioning part of the vasomotor system

6 Contraction of the spleen

7 Redistribution of the portal venous inflow to the whole of the lner nstead
of to only one-third of 1t

8§ Tunctional closure of the sphincter of the ductus venosus

be regarded as at present somewhat sub judice (see section v1 below) So far as
—s1 are listed 1n their order of occurrence but the evidence 1s not complete ¢ &
No 8 and both may be later than Nos 9 and 10

126
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fp\loo 7 may perhaps follow
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9 Functional closure of the via simistra

1o Functional closure of the ductus arteriosus, and reduction of the pul-
menary arculation time

11 _In consequence of the continued des elopment of pulmonary resprration
a gradual change 1n the internal environment of the lamb (rise i ovvgen satura-
tion of 1ts blood)

As a result of various combinations of the above changes

12 Establishment of the functional post natal status of the posterior vena
cava

13 Attamment of functional independence by the right and left sides of the
heart, with their respectine artenal trunks

14 Applicability of the term * pulmonary trunk *

15 A functional change-over n the sense that the remams of the umbulical
artenies are now offshoots of the hvpogastric arteries

Other changes which certainly, probably, or possibly oceur are
; 16 Reduction by successive nspirations of the blood content of the
ner
17 Redistribution of the circulating blood
18 Opening up of more capillaries
One may now pass on to describe some of these changes in greater detul

() EFFECTS OF THE REMOVAL OF THE FOLTUS T
AMNIOTIC FLUID ROM THE

The exposure of the lamb s warm wet shin to atmospheric air and to contact
with solid objects results 1n an enormous increase of exteroceptive and pro, N
ceptive stunuli and the mhibitory actiats of the higher nervous ce‘:)trpno-
correspondingly overcome  This has two proved effects, onc 1n conn ction
with sheletal muscular actiy 1ty and the other 1n connecn’an with re eton
(see section 1v below)  The former was demonstrated by B:u'spm"um
Bareroft 1935 261) who found during delneries by Caesarean seq o e
so long as both the cord and the lamb were 1n saline at body t om that,
electrical evidence of muscular actraity could be obtained % ot ke, 1o
as the lamb was removed from the saline spthes appe: do on 4 ho“e\cr,
showing that muscle tone had been established ppeared on the record,

w) TRANSFER TO THE LAMB OF PLACENTAL AND COR;
Barcroft and Gotsey (1937, see also Gotsey

lcomg)ared the blood volumes of lambs born naturally with th,
a}tlm s which had been del; ered by Caesarean se, t Cand whh fu
(hexr cords tied near the umbilicus Immedrately aftce 10‘;1 ’l and
that n the former animals the blood volume aweragclt-:l Ieﬁg ce
cc

D BLOOD
» 1939, and Bareroft 1?41, <)
[



1=0 1L 10s1AlL CIRCULATION

mcises the venae comutes between the placenta and the ligature, for the blood
gushes out through the 1ncisions *

‘The amount transferred 1s perhaps of the order of 8o ¢ ¢ (Barcroft, 1941, ¢
Of this about 12-16 c ¢ could mmally be in the venae comites and somew hat
less 1n the umbilical arterses of the cord (see Chapter III), the rest would hate
to be 1n the placental vessels At the normal rate of flow 1n the venae comites,
the transfer would tale about 12 seconds (see Chapter III) The possible
functional sigmficance of the transfer 1s discussed 1n section (+) below

(w) RUPTURE OF THE UMBILICAL CORD

In the last Chapter 1t was noted that the arteres probably ruptured at pomnts
which, previously to the traction, were mtra-abdominal and that thereafter the
torn ends retracted through the umbilical ring into the abdomen Thes
become tmpervious because the inner longitudmal musculature, which 1
present almost as far distally 2s the umbilicus, thickens as the vessels retract,
and 1s forced to encroach on the lumina of the vessels by the simultaneous con
traction of the more external circular musculature  Near the umbilicus the
longitudinal musculature 1s laching and the circular muscle contracts down over
the ends of the vessels The efficacy of the arringements 1s shown by the
almost complete absence of haemorrhage (Meyer, 1914, a, b)

The venae comites rupture extra-abdomrnally and contract down up to therr
pomt of fusion  They also retract within the cord towards the umbilical ring,
and the combined contraction and retraction obliterates their Jumma  The
umbilical vein proper, accarding to Meyer, may contract down 1t 1ts pomnt of
ongin or, exceptionally, throughout 1ts length ~ Personal experience has been
that, 1n 1ts extra-hepatic course, it 1s much reduced 1n calsbre and contains Irttle
or no blood when examined some time after ligation of the cord  The vessel 1s
thin-walled, as noted in Chapter III, but its only task after cessition of the
plcental circulation 1s to display an actrvity typical of veins in general, nimely,
to empty 1tself 1n the direction of the heart (Franklin, 1937, 299-301), and for
this s musculature 1s, apparently, adequate It 1s unlihely that the portal
venous flow 1nterferes to any extent with the process, for portal blood cn
scarcely reach the extra-hepatic umbilical vein 1n any great amount or under
any great pressure during the period under review

(v) THE ONSET OF PULMONARY RLSPIRATION

uli

As has already been noted, the great post partum increase of ;]H'cregt s?xm i

can cause, or aid 1, the onset of pulmonary resptratton  On t e(;)t er hand,

such respiration can be initiated by occlusion of the umbilical cord, otcci}trrmg
either naturally (pressure on the cord 1 the birth canal) or experimentally

1 The above account can be fitted 1n to the natural story (sec Chapter V) p?‘ﬁfh‘ﬂ?iﬁ?%}“i

rves birth lying down and that there 1> an adequate mterval of tume bcmegx the ith of the lam?

End the rupture of the cord which occurs when the ewe gets 10 her feet  Butst xsmé ficult to fit 1t

in to the natural story when the ewe gnes irth sx:mdn:g up{ am} z};;u?r:i( :: ;L;;C:::s das the fochs

tter circumstances transfer Ol
E:E:Jznﬁzi?:rﬁustL:;:g::r;};ﬁ: I;eecllruerlo constriction of the placental verns and umbilical venae

comites as they are exposed to sudden stretching
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In the laboratory the onset through ncrease of afferent stumuly 15 the one
which occurs when the ewe 15 delwered under Tocal anaesthesia, 1¢ when the
foetus 1s 1 the best possible condition This obseriation does not_howesver,
prove which 1s the more normal cause of onset during natural birth for the
cord 15 carefully protected 1n most experiments and 15, thesefore less exposed
to mechanseal snsults  The exteroceptrve sumult mamnly responsible, under
these circumstances, for the mmtiation of breathing are those evohed by the
cooling and perhaps also by the drymg of the muzzle of the lamb, the afterent
pathways being fibres of the fifth cramal nenve But one cannot exclude the
svnergre effects of tmpulses from other cutancous areas, or of proprioceptine
impulses from the now active muscles and the jomts with which they are
assoctated  These varous stmul reach centres which are ready to imtiate
resprration and overcome the inhibitory infiuence for so long exerted by the
hugher centres  The result 1s the momentous first breath, one of the most
spectacular of the phenomena of birth and the culmnation of over a hundred
davs of intra uterine preparation and rehearsal  In favourable circumstances
thus first breath 1s soon followed by others and, almost before one reahizes 1t
the respiration 1s regular and natural — The lamb then begins to “ wake up
and before long 1t makes 1ts first bleat, suchs hard 1f a finger 15 put 1n 1ts mouth
nghts its head then 1ts body and finally gets on to 1ts legs

There 15 at present no serial radiographuc study avadable of the above onset
of pulmonary respiratian and all that one can say, from records made for other
purposes 15 that the expansion seems to affect the trachea bronchy, and alveol;
n that order and that as a result of the expansion the diaphragm shadow
which 1s invisible at birth becomes apparent 10 the recards It should be
i\\‘;‘;d that 1t takes some time for the lungs to become fully transradiant 1n thig

1f the ewe 15 dehvered under general (urethane) rather than local anaesthesia
the nenous system of the foetus shares 1n the depression and the afferent
unpulses from the shin and elsewhere are less able or unable, T
normal response (Bareroft Barron, hramer and Alilbhan 1o- B
Kramer and Milikan 193g)  In such a case a reserve n-n:ch:mg\éi o rolt

™ comes it
play as the placental circulation diminishes  This mechanss h °
the lawer centres through asphya of the hig] m 15 the reletse of

her ones, and th
dexelops s of the gasping type (Barcroft Barron, hramer :ttnde ll\){ﬁ:ll:!l\]:::gl‘ ;]3]5}‘

1t myy continue for some time before 1 £
avourable wnstances, 1t
chi
r{x‘lore Rorma‘l‘ res‘{nmnon One mmagnes that the higher rcs,plmtoangts b
ust have shared with the inhibitory centres 1 the depression x.}d E
anaesthetic and that only the lowest respiratory caused by the

tent
1 saturation 1 the blogd lem e o first capable of

to cvoke the

ctual satur:
ggure tha:i for carbon e o \}al: l;gl‘:ase}g ‘e‘l‘ hh:i contrast to the 0\";‘{‘;‘;\1
etermung ©n
™ —-‘: one cannot say that the release 15 l:ausedr OE; n(:‘((]}ngl;: ell “)?s ﬂm
1ch, but
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mcises the venae comutes between the plicenta and the ligature, for the blood
gushes out through the incisions !

The amount transferred 1s perhaps of the order of 8o ¢ ¢ (Barcroft, 1941, ¢
Of this about 12-16 c ¢ could mitially be n the venae comites 1nd somew hat
less 1n the umbilic1l arteries of the cord (see Chapter I1T), the rest would have
to be mn the placental vessels At the normal rate of flow 1n the yenae comites,
the transfer would tahe about 12 seconds (see Chapter III) The possible
functional sigmificance of the transfer 1s discussed n section (+) belon

(m) RUPTURE OT THL UMBILICAL CORD

In the last Chapter 1t was noted that the arteries probably ruptured at potnts
which, previously to the traction, were intr1-abdominal and that thereafter the
torn ends retracted through the umbilical ring mto the tbdomen They
become 1mpervious beciuse the inner longitudinal musculature, which 1s
present almost as far distally as the umbihicus, thickens as the vessels retract,
and 1s forced to encroach on the luminn of the vessels by the simultineous con-
traction of the more external circulir musculiture  Near the umbihcus the
longrtudinal musculature 1s laching and the circular muscle contracts down over
the ends of the vessels The efficicy of the arringements 15 shown by the
almost complete 1bsence of haemorrhage (Meyer, 1914, a, b)

The vente comites rupture extri-abdomnally 1nd contract down up to their
point of fuston  They also retract within the cord towards the umbilical ning,
and the combined contraction 1nd retraction obliterates therr lumina  The
umbilical vem proper, according to Meyer, m1y contract down 1t 1ts point of
ongin or, exceptionally, throughout 1ts length ~ Personal espertence has been
that, 1n 1ts extra-hepatic course, 1t 1s much reduced 1n caltbre and contains little
or no blood when examined some time after higation of the cord  The vessel 1s
thin-walled, s noted 1 Chapter III, but its only task after cessation of the
plcental circulation 1s to display an 1ctivity typreal of vens n general, namely,
to empty 1tself in the direction of the heart (I'rainklin, 1937, 299-301), and for
this 1ts musculature 1s, 1pparently, wdequate It 1s unlihely that the portal
venous flow interferes to any extent with the process, for portal blood can
scarcely reach the extra-hepatic umbilical vein m any great wmount or under
any great pressure during the period under review

(n) THL ONSET O PULMONARY RLSPIRATION

As hns nlready been noted, the great post partum increase of affercnt stxmu({l
¢can cause, or ud 1n, the onset of pulmonary respiration  On the other han L
such respiration can be mitited by occlusion of the umbihel cord, ocgl\llmnb
either naturally (pressure on the cord 1n the brth canal) or c\perimentally

1 The above account can be fitted n to the naturl story gat;_i Chapbte: 1 )npt‘i?e‘ﬁi:{hrg?rﬂ:yi:n‘:;
of time betwee!

es birth lying down and that there 15 an adequatc tntertal
g:\‘d thcl rupt’urfof the cord which occurs when the ewe gets to her feer  Butitis d:im:‘:ll: n;ol::u:;
1n to the natural story when the ene gines birth standing up and the cord 1s ruptured 2 ! bec fou tus
falls to the ground  Under these latter circumstances transfer of blood if 1t occu:;s mlblsl c much
more rapid and must presumably be due to constriction of the placental veins and umbilscal vo
corattes as they are evposed to sudden stretching
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the gasps  This ruises the question as to W hether “ gasp’ 15 the best tcr:_n }tlo
use  For a typical gasping respiration appears to 1y olve constriction of the
termmal bronchioles and consequently 1 poor gaseous interchange {Barcla,
Franklin and Pnchard 1940) The deep but shart lasting  respirators
efforts typieal of the urethamized foetus after 1ts cord has been tied must be
more than gasps in this strict sense, 1f they so marhedly and rapidly cause a nise
1n the oxygen saturation of the blood

To conclude this section one may revert to the blood which 1s transferred to
the newborn lamb from the placenta and urbilical cord provided sufficient
time 15 allowed for the process (see section 1 above) The funcuonal sigmfi-
cance of the transfer 1s not vet fully clear but 1t raises the blood volume from
about 400 c ¢ to 600 cc or more This means that the newborn lamb has
between 16 and 2o g haemoglobin per kg , a value about twice that found in the
adult (Barcroft hennedy and Mason 1939, 3) In addiwon the blood
comung from the foetal placenta 1s only about 60 per cent saturated, while after
birth the saturation finally reaches about g3 per cent  The question 1s whether
or not the extra supply of oxvgen 1s more than 1s needed for the increased
metabolic activity after birth  In utero the lamb 1s relatnely mactive and has
not to produce heat to heep up 1ts body temperature  In fact any serious
degree of heat production would be a disadsantage, for the foetus h1s no caoling
surface and extra heat would have to be dissipated by the ewe, 1e stll further
burden would be thrown upon her circulatory mechanisms  After birth
however there is a very definite need for heat production so more blood must
g0 to the muscles and glands  more 15 also required by other systems cg the
abimentary, which before birth needed only a moderate supply for mamtcg
and development The view that despite all this the provision of h::,:(c:
globun 1s excesswe (Barcroft, 1941, a) appears to be borne out by the fact th
after blr}tih 10 ;;er cent or)mmg of }!‘he lamb’s haemoglobin 15 destroyed (Gmsgft
1939 Harcrolt, 1941 ¢ n the other hand
advantage to the lamb to have the excess while tl}tlen:i;:%ﬁ?:xo?xf son&? temporary
lungsss sull low 1€ durmg the first one to five hours after b ﬁoc cient of the
destruction of the 10 per cent or so of ha iith  Nor does the

reased
tron 1s apparently retained against the fo excretion of biftrubin, but the

rthcomung needs of thy
fresh blood formation  Finally, 1t 1s g niceds of the orgamsm for
blood may be of value to the ne\\burgols:xlr?ée tl’}l;;!cst(l:e; Ssutents of the
avatlable on this head ar no information 15

(1) RISE IN ARTERIAL BLOOD PRESSURE A\D TS EFFECT!

S

mﬁ; ::e:glgn zzi%?::i :t ;}:;?:él:r::% of :ihls Chapter,it1s somewhat diffieyl.

mclrease of artenal blood pressure d\mnegc ln:r‘:nl:‘:l:t\})lergr ot there s anymarkeci

n 1888 Cohnsten and Zyntz considered thatm
nse even though

adency tor o ough the .

onset of pulmonary reSplcrl"r\’!\Gn Ther €Ypeniments, ho“e\e:} e fonth

g and the main interest of their \\ar]:‘\irai ‘;i“tm

at 1t

the, had demonstrated 5
S€ Was not ‘el
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merely that the oxygen saturation 1s a very good indicator of the degree of
asphyvia required ~ The gasping type of respiration can occur even fter vagal
section, on occasion 1t may be combined with the more normal type

To conclude this account of the onset of resprration, one may note that
breathing 1s usually well established within about two minutes from tying the
cord SBarcroft, 1938, 1, 40) and that, with the expanston of the chest, the afferent
mpulses ffecting the process are increased by a whole new series coming from
thenrespxmtory pparitus itself—nose, throat, lungs, diaphragm and thoracic
wa

(v) CHANGLS IN THE LAMBS BLOOD AI'TLR BIRTH

It 15 convenient, though 1t 1s departing somewhat from the chronologicat
order of events, to describe next some changes 1n the internal environment of the
famb, 1€ 1n 1ts blood

To begin with, one m1y point out that the diffuston coefficient 1s low 1t burth
and for some time after because the lungs still contain 1 good deal of flud
(Barcroft, Kramer and Millihn, 1937, Barcroft, 1939)  This evplans 1
paradonical effect of the exposure of the lamb to warmth (Barcroft and Millikan,
1937) and also the relatively slow attunment of a normal degree of saturation
of the arternnl blood with oxygen (Barcroft, Kramer and Millik1n, 1937, 1939)

Exposure to warmth rases the ovygen saturation of the blood consistently,
if only to 1 smnll degree There 1s no hyperpnoer, indeed, respiratory
activity 1s, 1f anything, reduced, the lamb tends to become sleepy The
explanatton offered 1s that, with a low diffusion coeffictent, the reduced ovygen
uptake allows the blood to attain better equiltbrium with the alveolar mr ~ An
exactly comparable phenomenon 1s secn at great 1ltitudes, where the arteral
blood darkens with muscular exertion

The second matter 13 of much greater importaince It takes between ont
and five hours for the blood to reach its final oxygen saturation (g5 per cent or
over) 1f the lamb breathes air (with oxygen the time 1s only 4 or 5 minutes)
There tends to be an mital fall in saturation after the cord 1s tied, but thereafter
there 15 1 rise with respiration and the saturtion 1s at a reasonable level (75 or
8o per cent ) within a few minutes from birth  Such a degree of saturation,
1t 15 true, corresponds wath that of the blood of men living at great altitudes, but
1t 15 a defimte improvement on the degree of saturation just before brenthing
begins, for this corresponds with what would be found i the blood of 2 man
at, or above, the top of Mount Everest b

The effects of single respirations, and of groups of respirations, orlxX the
oxygen saturatton of the blood were studied by Barcroft, Kramer nm}i] l\él tl\ahx-\
(1939), but therr ammals were not 1n the best possible condition, flor the breat -
ing wAs exther a rapid shallow one with gasps superimposed, or é! sg pure gisp
g As already noted, if a foetus 1s delivered under focal anaesthesia, 1t ma}t
exhibit no gasps at all, and under these conditions the oxygen sntumnor;) Irm:s
be well mamntuned, for the lamb becomes progressively more 1&:me,b dc'zbs\,
gets up, and begins to run about In ammals such a; those escr:uizmon
Barcroft, Kramer and Millikan, on the other hand, the oxygen f{a ation
tended to fall during a series of shallow respirations and was restored only
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(vin) REDISTRIBUTION OF THE PORTAL VEMOUS INFLOW

As has already been stated, 1t 15 not at present possible t(i saf\] whether dthc:
tahing over of the umbihcal moiety of the lnver by the portal inflow perfc es,
or succeeds of occuss more ot less simultaneously with the func!xonndc osure
of the sphuncter of the ductus yenosus Such httle radiogrphic evidence as
there 15 (Barclay, Franklin and Prichard, 1942, c) suggests that the process c1r{
be mitated between the onset of respiration and the cessation of the placenta
arculation but 1t 18 1n that case associated witha detenoration of the plwcental
flon When the portal inflow has tahen over completely, one finds the calibres
of the 1ntra hepatic umbilical vein and its offshoots very much reduced , they
have presumably contracted down to conform to the very much smaller amount
of blood which now reaches them

(1n) FUNCTIONAL CLOSURE OF THE SPHINCTER OF THI
DUCTUS VINOSUS

‘This requires a considerably longer descniption  As noted 1 Chapters 111
and IV the ductus venosus of the lamb increases 1n size and functions as a
short cureut right up to term , at ats beginnung there is a sphineter which may
exhibit considerable 1rntability towards term SBarcl:\), Trankhin and Prichard,
1942,3,¢) The first discovery of this irntability was in a sense forturtous for
the Nuffield Institute team had already made an imtial examination of the 1940
season’s radiographic records before proceeding to an anatomical study of the
foetal lamb (Franhlin, Barclay and Prichard, 1940) and 1t was only during 4
re examination of the radiographs that a peculiar alternation of the ductus
enosu, shadow was remarhed and assessed at 1ts proper value At this point
1t1s necessan to explain a fundamental difference that evists between ordinary
evpenmental records and those produced by aneradiographic techniques
The former are usually tracings which, within a reasonable length of time, can
be completely analysed , the latter, on the other hand are composed of a’\c
large number of frames and each frame 15 a picture that contains a wealth ?f
detail  So even with the direct method, at only three frames per second, one
can never say that one has completely analysed the records and 1t 1s nearl
alwars possible to glean some extra nformation by further examinat ,
It was during such a re examination that the actity of the ductus \enow
phincter was discovered (PI V, figs 8o 81 82 cf) also figs 83 § ) o
o 'Xé\e lamb that exhibited 1t (S 36) had been delny ered undexsloczﬁ ant)esthcsm

% Caesarean section and the record was obtatned while the placental cxrcul:mor;

the ductus venosus  Af
\Flsxbile, mvisible and thy
wally 1t became completely imvisible fo,
r a short
th:‘r‘z ‘\\ ,::se :dilight Fretugn of the shadow Thereothe“r‘enc‘('frdﬁ;?u\ ;
'8 52 1s a graph showing the fluctuations of S\E z:l'\t:lell:xl\1 :
"
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countered to some extent the prevailing, unverified hypothesss of a post-natal
fall in pressure

Exactly half a century Iater, Barcroft, Barron, Kramer and Millhan reported
that higation of the cord was rapudly followed by a marhed nse of pressure
(about 40 mm Hg) n both the carotid and the femoral arterses , they con-
sidered that this rise was untiated by the respiratory movements but stressed
that, later, some other mechanism must sustain the rise Actually, according
to therr fig 3, the very first increase of pressure preceded the onset ot respira
tion, 1t was doubtless the direct effect of tying the cord, wnd 1t should not be
confused by the reader with secondary effects consequent upon the onset of
pulmonary respiration It occurs (Barcroft, personal communication, 1943)
within 2 split second from the time the cord 1s clamped , the mechanism of 1ts
production 1s hypothetical, but precise knowledge of 1ts causation 15 of little
practical tmportance if the effect 1s as transient as 1t appears to be

Following this smtial rise there were, 1 Barcroft, Barron, Kramer and
Millihan’s experiments, varations 1n the arternal pressure mn association with
respiratory movements A single movement resulted 1n a simple rise and fall,
but 1 sufficiently rapid succession of movements would, the authors thought,
result 1n a sustamned nise through elimination of the troughs between indrvidual
nses  There was shght cardio-acceleration with each respiration, but the
varations n heart rate tended to disappear after vagal section, and the arterial
pressure then stayed at 1 level about 25 mm Hg tigher than had obtamned
before ligation of the cord  With the vagi out of action, 1t was relatively easy
to show the mechanical effects of respirtion upen the blood pressure  The
authors remarhed that respiration would heighten the supply of oxygen to the
brain, not only through the increased uptake in the lungs, but also through the
increased blood flow consequent upon the rise 1n artertal pressure

Two years later, however, Windle (1940, b, 25) stated that any marhed rise
1n this pressure with the onset of respration should be regarded s evidence of
previous asphyxial depression of the foetus

An ncrease 1n pressure 1s often followed, 1n less than two secands, by a fall
mn the heart rate  Such slowing 1s not caused by 1sphy<ia but 1s the end-result
of an ordinary Marey’s reflex, 1t does not take place if the vagt 1re cut or the
arteral pressure does not show a defimte rise (Barcroft, 1938, 1, 49-51)
Whether or not the above-mentioned 1mmediate slowing occurs, the heart rite
falls after an interval through vagus action (Barcroft, 1938, a, 54)  Slowing can
also be caused by 4 direct action of asphysia upon the pace-maher (Windle,

1940, b, 22)

(+u) CONTRACTION OF THE SPLELN

he spleen, which 1s mnervated by sympathetic fibres only, contracts on
cerrzlt‘ral sgmulanon of the vagus (Windle, 1940, b, 22) or_on tymng of the C(6>rd
(Taylor and Gotsev, see Barcroft, 1938, 1, 56) Barcroft (1938, ﬁ)
postulated a medullary centre controlling the contraction, and Windle (19491,‘ b
24) constdered that fibres from the lungs mught be the afferent p':t}é“a) e
Jtter also thought that vasoconstriction might be simlarly 1nitiate
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Fic 80 —Sheep foetus nearlv full term ‘dPan Fm‘ %x‘—Pln ol; 2 (r:l:l: {sec m“c“‘m“%gl?o,
of a frame from direct tinerad orraphic vecard (see P!
Platel no xx;;‘of anumbil ul\unpmjemun The The time ntenal between the two s only one therd
ductus venosus ts full of contrast medium of a second but )t has sufficed for the ductus senosuy
to become completely tlear of contrast medium
A stub marks the end of the umbilical vein next to
the ongin of the ductus venosus

hev 10 Fics 8o and 81 —=U¥  umbilical
ven SI sinus mtermedius ( postal sinus )
D1 ductus venosus with lateral indentations
R atwsongmn  PCC postenior caval channel

H1  left mam hepauc vean  REIH 1 nght
main hepatic vein not very clearly defined 1t
appears to be formed by the unton of two subst
diary trunks one of which 1s overshadoved 10
fig 8o by the ductus tenosus  Scale = cm on
radiographic record

An objectwve statement of the changes 1 the ductus and neighbourtng vessels
and the most probable explanation of the observed facts were given by Barclay
Frankiin and Prichard (1942 ) who concluded * that the sudden constrmml;
?f the entry mto the ductus venosus 1s the essential basis of our explanation,
:; if \\e(b;gm;;nt);\hege else “f are at 2 Joss to account for the changes that we
e note e above explanation 15 correct’ they wen
t on
ﬁ(;?‘s;t}))lle tz)ha; the l:um:uonal closure of the ductus \engsus depends :?;:n‘;\::
1hity of a sphincter, or something similar, at thy
Y e beginming of the

;?;:2;?31 \:’xlth ; fa'lll‘ [':f umbilical vemn pressure, ‘lhaugl;g perhfps othe:':hfzrcl::)ex}s

volve ¢ reason why we inchude a fall of umbalical ein pressure



LATE V —Sheep foctus nearly full term delnered by Cacsarean section  Cord undnided  nose bag  on  Parts
selected frames from direct h 1 vein injection to show arration tn density of
tus venosus shadow  Time mtenal betneen successne frames one third of a second frames shown are not all
sesstve (see numbers on individual frames)  Cf figs 80-82

134
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of such control as stll open to
mvestigation  Ina more general
way 1e without any reference
to the actual routes—nervous or
othernise—by  which stimuh
mught reach the smooth muscle
of the sphincter, they thought 1t
posstble that one or more of the
tollowing events namely, the
onset of respiration the reduc~
tion of the placental circulation
the detachment of the placenta
and the rupture of the cord,
might be directly or indirectly
concerned with the contraction
of the sphincter It 15 true that
the onset of respiration was
excluded 1n the expeniment on Cm
536 but that result did nor 8¢ —Shcep foetus which guve record from + hich
necessanily exclude TESPIAtION  fig 831 reproduced  Outline dray ing made from fixed
15 2 factor 1n all cases and dissected Iner for comparison witls b 83 0§
Only two foetuses (S 48 and uRm‘:'.Ic'lc;: o l;egyfnfn;?lmbl? "Rﬁf&:‘\inﬁﬁ“ i
S49 Mlblmgs of 140 days) were Postensrienacava  Scale sn em
avatlable for the further ex eri-
ments but the best pOSslbI;E use v
techmque 15 available for further

e

as made of this scanty matertal, and the
cotroborative studies when a good supply
The authors concluded as follows “As

cord or contractton of the uterus, mas -
ally or completely close the ductus If, however, this stage. 1s pm,lon:,lgega;:d
e bag the ductus may reopen, as 1t did

Perhaps the gl clo ure,
A E
oo the ‘hmughg M was made possible by lowermng of intra hepatic \enous

lacental crrculation and the subg

frcenta N ubsequent
€Nt 0%y genation of the bload A fa that oo czlfggcsl)\ act(:lr;uk?: ignlé!esrl:f&
cooling of the
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s36 s that we have records of 1 number
of umbilical vein injections from
three scasons of experiments, but n
only two foetuses hme we secured
records of attempts at closure on
the part of the ductus venosus  Yet
we know that normally 1t does so

16 82—Graph made from direct cmeradio  €lOS€ after birth, and under such
lﬂ,ﬂ’h*@ fccgrg fﬂsmes gf s\\hlclci;nrehrcbproduceg as - crrcumstances the man extra feature,
ten minutes from defnery of foetus  Ordmares  0Sent from the umbihical vein evpen
mtensity of ductus venosus shadow FS full ments that we hwe quoted, 15 the
hadon @ fn Jo shadow Al’sc‘ssr“cimds(er;‘:e' cessation of the circulition through
of recording 3 frames per second) the cord We hnow, too, from our

records, that the umbihical venous
flow that continues for some time after delivery by Caesarean section dominates
the ‘ portal sius ’ [sinus itermedius], 1 ¢ that the umbilical venous pressure,
under such circumstinces, normally exceeds the portal vem pressure  We
imagine, therefore, that the ¢ sphincter’ of the ductus venosus may be capable
of withstanding the portal venous pressure, but not the umbilical venous
pressure when this
15 at full strength
Nevertheless, we
should be the first
to admit that this 1s
pure hypothests, and
merely 1 working
explanation that has
to stind or fall on
the evidence pro-
duced by further
research ”’

In 1942, the same
worhers attempted to
find out when the
channel becomes
functionally 1mper-
vious 1nd what 1s
the effective stimu-
Ius for 1ts closure
(Barclay, Franklin
and Prichard, 1942,
c) They were un-
able to profducﬂe any o :
evidence of efferent __Sheep foetus 139/t47 dnvs (differcnt from that which gae
vagal conteol of the ey ipelil bl Vol o 20, Bt e S
sphincter, but re-  SREACEIRI) at begimmng of ductus venosus shadow  Seale = cm
girded the qUESHOR  on radiographic record
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of such control as still open to 540
s estigation  Ina more general
way e without any reference
to the actual routes—nersous or
otheratse—by  which  stimult
myght reach the smooth muscle
of the sphuncter, they thought 1t
possible that one or more of the
folloning events namely, the
onset of respiration, the reduc-
ton of the placental crreulion,
the detachment of the placenta
and the rupture of the cord,
might be directly or wndirectly
concerned with the contractson
of the sphincter It 13 true that
the onset of respiration was
excluded 1 the experiment on Cm
S 36 but that result did DOl g g Sheep foetus which gave record from which
necessantly exclude respration  fig 8315 reproduced Outhine drawing made from fived
as 2 factor in all cases e L o o { pors] sious )
Only tno foetuses (S 48 and R ndge st beginming of DI ductus vevosus - P13 C
$ 49 siblings of 140 davs) were Posenorvenacme Seale tn cm
avarlable for the further expen

ments but the best possible use was made of this scanty matenal, and the
techmque 15 avatlable for further corroboratrve studies when a_good supph
of ammals 1s once more to hand  The authors concluded as follows  *As
we noted 1n respect of S 36 the ductus venosus can become functionally
impervious after delnery of the foetus, even though the nose-bag 15 on and the
placental cirenlation continuing Notching of the ductus [se partial contrac-
tion of the sphincter such as 1s shown in fig 83] was seen at this stage in S 48
So mere delnery of the foetus ? with some resultant reduction of the placental
cireulation through cooling of the cord or contraction of the uterus mav parts
ally or completely close the ductus If however this stage 1s prolonged and
resprration ts still prevented by the nove-bag, the ductus may reopen, as 1t did
1n a later shot (unpublished) 1n the case of S 36 Perhaps the mitsal closure
with the nose bag on was made possible by lowenng of mntra hepatic 1enous
};;gss;;e through reduction of the placental circulation and the subsequent
c1e§t o \r:g ;:‘ai due tohdetencrntxon of the foetus caused by continued nsuffi-
~reﬂe‘d)g ation of the blood A factor that could concety ably be concerned

—with the increased rntability of th
surface of the foetus after delnery ot er e the cooling of the

\f
iy Notching or increase 1n notchung
p‘z;tc :ﬁfﬁrxﬁﬁ; ttl}:;] x:(})lset bag 15 remov ec}ll mz) be related to the reduction in tt%e
at accompanies the change over fr
placenta to resprration via the | . of the Spneter st
ungs  Finallv  closure of th
Tupture or dnvision of the cord ol et e after
may b
sntra hepatic venous Pressure y be related to the still further veduction of

Qur earlier suggestion therefore, 15 not

fk/

R

‘\l
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mmmedsately put out of court by our later experiments We are left with
the concept of a sphincter, potentially active, that awats merely the lowering
of the venous pressure in order that 1t may carry out 1ts function, namely, to
render 1mperyious the beginning of the ductus venosus channel  We are not,
however, 1n a position to say 1f the potential activaty of the sphincter 15 intrinsic
m the smooth muscle or 1s'dependent on an efferent mnervation The speed
of contraction and relaxation of the smooth muscle, as shown in the records of
S 36,”15 remrhable for such tissue, but can be paralleled elsewhere mn the
0

The times taken for functional closure of the channel m S 48 and S 49 were
between 5 ind 25 minutes from hgation or rupture of the umbihical cord (figs
37, 38) These are comparable with the times taken for stmular closure of the
via sinistra and ductus arteriosus, for the upper limut could probably be reduced
mn further experiments for which less ambitious programmes were arranged

() TUNCTIONAL CLOSURE OF THEL VIA SINISTRA

Evidence of the functional closure of the via sistra has been obtamed
(1) during experiments made to determine the oxygen saturation of the carotd
blood after birth (Barcroft, Kramer 2nd Millikan, 1939} and (2) by direct and
mndirect cineradiography  The carottd blood of Jambs breathing ovygen
became g5 per cent saturated with that gas within five munutes from ligation
of the umbilical cord, and the attainment of so high a degree of saturation 1s,
obviously, 1nconsistent with the short-circutting of any apprectable amount of
blood through the vit stmstra  Radiographically, one ascertatns the state of
the channel by making mjections at intervals into one of the vemns of the cord
or a femoral vein, and seeing whether the contrast medum passes to both sides
of the heart, or to the right side only In the former case, a shadow rapidh
appears 1n the ascending aorta and brachsocephalic artery, showing that the v1t:§
sinistra 1s still pervious  I'rom a study of the resuits, 1t 15 clear that closure of
this foetal channel can occur even beforc the cord 1s tied, provided that pul
monary respiration has begun  The shortest time that has been noted between
the entry of air mnto the lung and the closure of the channel has been 5h5
minwes , at 3 5 minutes it was fully open  This particular lamb was got 1 the
best possible condition, for the ewe had been anaesthetized with uret ar:ie , 80
normal closure may occur even earlier It 1s of interest to note that the buctub
arteriosus was stil patent when the via sinistra was closed Closure 1s by no
means always so raptd 1s 1n the 1nstnce quoted, and after being closed fc;lr st()‘r;‘xe
time the channel may redopcr& 1}f1 th& foetus deter;orates But 1 a healthy

etus the process 1s rapid and the eftect permanen
fo 'f‘hi man};er of the clgsure 1s of some mnterest  Fig 55 shows the ap;}ear&tncg
of the tube 1n the fully open conditton, as revealed durning d\ssectﬁm ofa \gn
foetus Fig 854, on the other hand, shows the appearance sn nother spectm n
1n which functional closure was complete  When this channel was Srfoper}_f‘
to 1ts full extent by a probe, the picture changed to that shown in fig 5 ,!:\z °
p1ss from the condition 1n fig 854 to that ﬁig 83b, the free end of the pal;'s
libern has to be telescoped back 1nto the body of the tube, the muddle part to be
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pressed m towards the mid-line of
the heart, and the remainder to be
pressed bacw towards the bifurcation
of the postertor caval channel  The
three mosements are reacily demon-
stated on the actual specimen and
are impressné not only on account
of thewr neatness and simphaity, but
alo on account of the spectacular
disappearance of the relatnvely large
tube which a second before was the
most prominent feature 1n the left
atum  Fig 86 shows the via siistra
of vet another foetus (a) nearly fully
open and (b) nearly fully closed The

gu ropes  thatare so characteristic
a feature of the lamb's via simistra
would appear to be too long to be

fa)

Fic 8, —Sheep foetus age unknown  Drawing
of the open (left) and functionally closed {nght) via
snstra viewed from the left side to show how the
free or apposable portion cffects this closure  De
scnption in text Seale 3 om

concerned with 1ts closure, 1€ they do not act to prevent the free end of the

pars libera from passing too far back nto the body of the tube

Barelay and

Franhhin (1938) examuned the heart of a lamb about 11 hours after normal

birth and found the free edge of the pars libera lightly adherent to neigh-
bouring parts, 1t was readily_detached by a fine probe

The efficient cause of the closure 15 at present hy pothetical, but the structure

(b)

Nl{;u:}ss ~Sheep foetus 139 147davs  Ster
ety ?u?lm?l‘n o; th_left atrium remoyed
paasig .qyo s Note the fenestrat ons af

S

eophotographs of pat of th
bone el of past of the heart \tewed from the left side

i}

€ords’ or gy ropes
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of the channel in the lumb favours the 1der of a mechanical rather than a
neuro-muscular process and, as seen above, there 1s a connection with the onset
and continuance of pulmonary respirition  T'urther, the 3 cins returning blood
from the right apical and cardiac Iobes share with the v11 sistra a common
opeming nto the left atrium, so the inflow from the former can mcrease, cactens
paribus, only 1t the expense of the inflow from the latter (Franhlm, Amoroso,
Barclay, and Prichard, 1942) In addition, experiments carried out upon
exsected hearts suggest that the strcams from the caudal and left groups of
pulmonary vemns also t1he 1 part 1n the closure by playing upon the pars libera
of the via siistra ~ One may, then, advance the hypothesis that the closure 1s
immednitely due to increased pulmonary venous return induced by the onset
of respiration, the source of the extra blood being the vascular bed of the lungs,
which 1s gradually reduced to 1ts post-natal cipacity as successne respirations
ncrease the ur entry into those orgins  This 1ctually seems to be the only
possible explination, or 1t least the only posstble one 1n some cases, mn view of
the fact that the via stnistra can close before the cord ts tred and while the ductus
arteriosus 1s still patent  Continuance of the closure after the 1nitial period
must be due to increased pulmonary venous return effected, in more lasting
fashion, by increased blood flow through the whole pulmonary circuit

(1) ESTABLISHMENT OF THE T'UNCTIONAL POST-NATAL STATUS
OT THE POSTERIOR VENA CAVA

As 1 result of the cessation of the placental circulation, of the various changes
i the liver, of the closure of the vi1 sinistra, and of the redistribution of the
circulating blood volume so that the now actise parts can get their proper share,
the posterior vena cava 1cquires 1ts post-natal functional status and the term
“ postertor caval channel  1s no longer necessary for 1ts terminal portson plus
the intra-cardiac continution of that portion  There s presumably a widening
of the vemn caudal to the diaphragm, and hencefornard 1t 1s the trunk into
which the hepatic veins discharge s tributaries, and not another vessel with
which they umite as equals  The blood from the trunk now goes to the right
side only on arrwval at the heart

(sn) TUNCTIONAL CLOSURE OT' THE DUCTUS ARTLRIOSUS

The closure of the ductus arteriosus, 1s Gerard (19oo) pointed out, occurs i
two stages, namely, a physiological occlusion that tahes place very soon ﬂfiter
birth, and an anatomical occlusion that requires a very considerable nmclor
its completion  In ths, of course, 1t 1s paralleled by the closures of other
foetal blood channels already mentioned above The ductus 1s much m}orc
muscular than the vessels which 1t unites, and 1ts fibres are arranged m such 1
w1y that they can be called a potentil sphincter (Boyd, 1941) It l}as soxr{\]et:
mnervation, but the full details are not yet available, and on the basis (;] p;;csco
Lknowledge one should probably be guarded 1n one’s opiions as to whet er“;
not the channel can be looked upon 1s part of the vasomotor system, 1 cUMr
closure may perhaps be 1 purely muscular effect rather thm} a neun;l-mus;‘ ihr
one Barcroft in 1938, 1 € 1n the comparatiely erly days of rescarch upo
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problem constdered that 1t was the latter, and wrote * that the whole neuro-
muscular mechanism has been orgamized in the foetus but, as far as 1s known,
neser used 1n the foetus that it springs imto action at birth, and having per-
formed 1ts function, 1t degenerates It seems in fact to form a remarkable
example of anticipation ™

Evidence of 1ts closure m lambs has been obtained 1n three ways

(1) Barcroft and Barron (see Barcroft, 1938, a) took foetuses with a good
cireulation, lalled them with injections of formalin, and examined the state of
he ductus 1 each of them  They found that 1t was wide open and had a
lumen commensurate with that of the arch of the aorta  On the other hand,
n a seres of newborn lambs hilled between 135 minutes and 2 hours from liga-
tton of the cord one ductus was wide open one was half closed seven were
contracted but not completely closed and one was completely closed *“Yet
who would sayv what relation these findings bore to the conditions before
death It would be difficult, and possibly very musleading to judge of the
precise condition of the cardiac sphincter ~ before death from 1ts post
mort)em appearance  (Barclay, Barcroft, Barron, Frankhn and Prichard,
1941

(2) By means of blood gas determinations, for with the ductus open th
blood 1n the dorsal aorta (umbtlical artery ) 1 pen the
o ohe s (o anex(') 3 1y} 15 more venous than that i the arch

(3) By means of direct and mdirect cneradiography,

fied during the season 1938, with o

tions (Bar%la\ BarcrofthBz;rmn asgs%qu;ilﬁ"l]n lsl o35, s in four publica.
Franklin, 1938) Fortunately the error was di
publication (Barclay Barcroft, Barron and F
presented  The ductus was identified 1n thr

scovered, and
rankhn 1939) e o @ further

€e ways thege

Ses Tt seems prob,
y follows closure of the \;smlasl::;,
]

02 a necessary prehminary  The
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closure takes place within a matter
of minutes from ligation of the
cord, in one nstance 1t had
occurred within 4 minutes, but 1t
may take constderably longer, and
1t my be preceded by a period
during which there are oscillations
m the calibre of the channel If
the foetus deteriorates, a closed
ductus may reopen, but 1t 15 safe
to assume that i 4 healthy birth
the closure 1s rapid, complete, and
lasting  The radtographic evidence
1s 1nsufficient to decide whether
the process begins at one or other
end of the channel, or occurs more
or less evenly throughout its course
o & When 1t 15 complete, 1 stub mirhs
60 Vi o thores apencd o e e mos i (e Junction of the pulmonny
cranial part of Ieft lung and the penicardium removed  trunth and the ductus (fig 260),
the rest of the left lung 1s seen n the bottom nght  qnd the av erage pulmonar} circu-
part of the photograph (note light colour as compared
with that of lung i fig 66) The other structures  J1t10N time has dropped trom its
including_the fully contracted ductus arteriosus can  foetal value of 2 7 seconds to 1ts
E;‘xdennﬁrd by companson with fig s9b  Seale in new one of 1 4 seconds (Barclav,
Barcroft, Barron, Irankln and
Prichard, 1942) 'The macroscopic appearance of the functionally closed ductus
1s shown 1 fig 87 (cf the partially closed ductus shown 1n fig 66,

(xm) OTHER CHANGLS IN THE CIRCULATORY SYSTEM

(1) After the cessation of the umbilical venous inflow, the iver can no longer
be so distended, and 1its volume 1s perhaps still further reduced by the first and
some succeeding nspirations _ At all events, the total wesght of the lver falls
after birth, and the normal effect of mspiration 1n adult ammals 1s to expel
blood from the organ (Franklin and Janker, 1937) ,

(2) After closure of the ductus arteriosus, the term * pulmonary trunk
(which was 1 misnomer while less than half the blood 1n the vessel went to the
lungs) becomes 1ppropriite

(3) After closure of the via suustra and ductus arteriosus, the nght and left
sides of the heart, together with their respective nrterial trunhs, attamn thetr

post-natal functronal ndependence

(xtv) CONCLUDING REMARLS

detaled consideration of the cireulatory chnges
th of the lamb  But one ought not to close without
for the mechanisms that so smoothly effect the

There one my leave the
that take place during the bir
some expression of admiration
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transttion from the pre natal to the post natal condition  The sentiment 15
not 2 new one for Galen, who first described the vin sinstra and ductus
artertosus, found the closures of these foetal channels more wonderful even
than therr onginal creation,! and 1t 1s worth remembering that he did so nearly
fifteen centuries before the foetal circulation was first mentioned, and nearly
eighteen centuries before the mysteries of the post natal functional closures
were, m part at least, elucidated

* \lihique videtur multo majus esse naturam ubi quid plus 1n embryis quam in perfectis

eficart 1d ipsum quando nullus amplus sit usus corrumpere quam iliud omnmo effecisse
~—huhn IIT 514



PART FOUR
COMPARATIVE STUDIES (EXCLUSIVE OI' HUMAN ONLS)
CHAPTER VII

Comparative Anatomy

IDEALLY, one would like to ascertun the course of the foetal blood flow 1 2
large number of genera n the way that one has already done so n the Jamb
and, to some extent (see Chapter VIII), in the kid ~ There are, howeer,
limtations to the use of the techniques employed In the first place, the
mature foetal lmb 1s near the masimum size suitable for ser1l radiographic
recording  In the second plice, some 1mimals are too rare, or too expensive,
for experimental work  In the third place, the umbilical cords mn some species
are too short Iourthly, 1n the cases of very small foetuses, 1t would be
mpossible to insert cannulae into the veins, or 1t all events to msert them
within 1 sufficiently short time from delivery  To these limitations, which are
valid 1t 1l times, one must add the special war-time one, namely, the difficulty
of getting any animals at all for ordmary research  Hence both the permanent,
and lso the temporary, value of com
parative anatomical studies  Tor m the
toetal lamb structure has been correlated
with function and, if one can find
other foetuses anatomrcal arrangements

) Jibius)

T'c 8—H ippot .
foctus ugZ unknown  Note protuberances on surface

Fic 88 —Red kangaroo (dacropus rufus)
pouch speaimen Sexle 11 cm of umbilical cord (cf fig 109 ¢) Scales1cm

144
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Fic go—Arabun camel
(Camelus dromedarius) Foe
tus age unknown
umb Lal cord  Seale wm
em

sumilar to those found m the lamb then one has some justification for pre-
surmng that the course of the blood flow, too, may be simular 1n these other
anmmalé  In as much therefore as generalizations are the outcome most to
be destred indnidual notes are largely confined to illustratne examples,

Fic 9t —Caucasian wild goat
(Capra _caucasica) foetus 2 full
term  Scale in em

though a f
re:;grcha‘ ew are ncluded because they suggest lines of further, explanitory

1L

doms unz Tétc;ngue ciacge:ddins une certame espece ou dans une steucture commune se deseloppe

3 force de mu]uphii T d:‘ a; :r :l:;cnt:‘r;xacm:e eextraardmmre & lon diroit presque que la \at‘:x‘;e
e:

“-Hist Acad Roy So¢ Pans 1699 ges ne peut s empecher de tralur quelquefors son secret

FI6 92 —Valay ta
(Tap rus ind u ) footis
stillborn  Scale in em




PART FOUR

COMPARATIVE STUDIES (EXCLUSIVE OF HUMAN ONES)
CHAPTER VII

Comparative Anatony

IDEALLY, one would like to ascertain the course of the foetal blood flow 1 a
large number of genera in the way that one has already done so in the lamb
1nd, to some extent (see Chapter VIII), in the kid ~ There are, however,
limitations to the use of the techmques employed In the first place, the
mature foetal Inmb 1s near the maximum size suitable for ser1l radiographic
recording  In the second plice, some animals are too rare, or too expensive,
for experimental work  In the third place, the umbilical cords 1n some species
are too short Fourthly, 1n the cases of very small foetuses, it would be
impossible to msert cannulae into the vemns, or at all events to insert them
within a sufficiently short time from delivery  To these limutations, which are
valid at all times, one must add the special war-time one, namely, the difficulty
of getting any animals at all for ordinary research  Hence both the permanent,
and also the temporary, value of com
parative anatomical studies  For in the
foetal lamb structure has been correlated
with function and, if one can find 1n
other foetuses natomical arrangements

habaut)

(Hipp ot
Note protuberances on surface

Fic 89 —Hipp
foetus age unknown

Fic 88 —Red hangaroo (Macropus rufus)
pouch speeimen sesle i e of umbslical cord {cf fig 109 ¢) Scalerncm
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Fic o, ~—Brown bear (Ursus
arctos) a8 hours post  pastum
Sealle 1 om

known

G 97 —Lion (Felis
of Panthera le ) cuby ¢
4 hours post partum
UC umblcal corg
Scale nem

96 —Tizer (Fels or

Fi
Pantkera tigrss) foetus age un

Seale in em

147
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The account which follows 1r
cludes relatively few references f
previous worh, not because th
hterature has been neglected, bt
because previous writers lacked th-
functional outlook upon structur
which results from radiographi
studhes of the living foetus  Excey
1n the cases of certain domestic an
farm ammals, the materal person
ally ¢xamined has been somewh
fortuitously accumulated  Henc
the varying ages of the specimen
(or sometimes complete lach o
information 1s to age), and th
mclusion of some early post-nat:
esamples  Some 1dea of the rang
O£f§ the m;tferm}ll 1sdgueln by ﬁg}:)s

— 88-98, and further details are to b
EIII’;I?GS 2]371mﬁur:;c?:ct\fiepih:g:)ut(li\n;l?dt?;z nfb'::l’:fn four?d i the text  On the othe
cm hand, 1t has seemed madsisable t
list all the spectmens, for they rur
into hundreds, Inrgely through the numbers of ovine, bovine, and equin
foctuses that have been studied Gestation times are given where thev are
known and where they appear to be pertinent, but 1t has not seemed usefu
to include them where knowledge 1s msufficiently precise or where the age:
of the foetuses themselves are unknown , those interested, however, can fing
1 summary of many of the nvailable data 1n Needham (1931) vol 1, Tables 6
and 63, and 1 Kenneth (1943) The mammalin classification used 15 th
gwven m the Centenary Laist of the Zoological Society of London (see Flower
1929), not bectuse that classification 1s necessanly final, but because the ook
1s reasanably 1ccessible and because a number of the specimens have com
from the Soctety’s Gardens 1 London or from Whipsnade

" UC umbilical cord  Scale

T16 94 —False killer whale (Z
mnimecm
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The anatomical features wall be discussed m the following order

The placenta
(\l‘% T‘nz l\)n:\bﬂlca\ cord and the umbilical vessels
(in) The liver
ductus 1enosus
(l(:)) ?ﬁi p‘zl)stenor caval channel and its termminal bifurcation
(v1) The via stmistra and sts pars libera
The via dextra
((\:3 Thz 1(‘)bat\0n of the lungs, the pulmonary vems and the relanons of
their opemings to the via swistra
(1) The z:rrnegmr c;g\al channel and its relation to the via dextra, the crista
inters eniens
(x) The azygos venous system and the coronary sinus
(%) ‘The apex of the heart
(xn) The pulmonary trunk and the ductus arteriosus

1) THE PLACENTA

Mossman {1937) defined the normal mammatian placenta as “ an apposiion
or fusion of the fetal membranes to the utenne mucosa for physiological
exchange”’ Whatss ly called * the pl mn cutherian mammals
s more correctly speaking the choro-allantotc placenta It comes within
the scope of the above defiition but 1s not the only structure which does so,
and 1t was therefore more closely defined by Mossman His defimtion,

dified to averd 2 logical phrase din st may be gen as follows
The chono allantore placenta 1s a portion of the chorion vasculanzed by
allantoic vessels 1t 1s mtimately apposed to or fused with the utertne mucosa
and 1t serves as 2 medum for physiological exchange In the rest of this
section the structure 1n question will be styled the placenta and will not be
qualified by the epithet chono allantore

Placentae were earher classified according to their gross shape, and their non-
dectduate or deaiduate character (semy placenta and placenta vera respectsvely
m Strahls terminology)  The non dectduate placenta separates 1n the third
stage of labour without sunulianeous removal of maternal tissue  the deciduate
carries with it because of its more mtimate association with the uterine w all, a

saniable amount of maternal tissue  Tor a number of reasons, cla
ssification
according to gross shape, etc , 18 unsatsfactory  on the other hand the grloss
shape 15 an obvious feature of any particutar placenta and should be noted 11 the
full descpion of it The four principal forms have therefore been 1llus-
trated 1n figs 994 1ooa 1ot,and 102 The diffuse 15 that found 1n the harse
z:]:ingxgn éhgoso;y]e?}?nar) (or ni\luluple\, n Grosser s termunology) that in the

e, € Zt
e o b 3 onary that m the cat and dog and the discosd that 1n
Another distinction between placentae, but
this time o

?ner t§tmcture, separates them 1nto lab}.r;nthme and \ﬂloul;e b?{s:?e uz? oan th‘;xlr
ype found should be nated sn the full deseription of any pamculz:r gl::rclér:tae
,
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Fic o
5cm

§ —Gonilla (Gonilia gonlla) foetus ? full term  Note umbilical cord 1 frontal »

ew

Scale in
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maternal endothelum and
the foetal trophoblast
connective  tissue  and
endothelium fThe gross
shape ranges from zonary
to cY\scoxdg and the endo-
metrial relation 15 decy
duate  Placentae of this
tvpe are found mn carm
\ores

(4) The haemo chorial —
The membrane comprises
the foetal trophoblst,
connectrve tissue and en
dothelum 1¢  maternal
bleod 1s 1a direct contact
with the trophoblast The
gross shape 15 discoid and
the endometrial relation
1s deciduate  Placentae
of this type are found 1
nsectivores  bats  pri-
mates, and lower rodents

(s) The haemo endothe.
lal (Mossman s addition

the surface of the chorion

Fi6 1065 —Boyine foetus remoweq
of pre~are gyl th ch

s from the uterus at aboyr
the Mantors 41l and e

08 01 partially dussected

h2bo the lo:thdz\
@nav 1o shog, the of ape of
¢
1Lt of the o, o0 PRstulcs o the surp < p amrton
n

chorton s 1th con
chortos

ledons on the OUtersurface of the

FI16 3000 —;ﬂmm; fncms{ within its
he uty t the yooth d. regnan
0 Grosser sclasse ) The e terus atthe sooth day of pregpuncy

membranes remored from
showing catyledons € on

membrane consists
of the foetal endo-
thelium alone, 16
this  layer alope
stparates the
Maternal blood

rom the foeta]

ape, or
spherowdal, and the
endometyya) rela-
uon 1s decidugte
Placentae of thys
type arebeley ed by
lossman to exyt
m higher rodents,
such g rabbsts,
pocket-gophers,
ANgaroo-rats,
mice, rats, and
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p
4
Lt

4
1
> A
’
\\
t

f(._,,;v:vf?/":“ N " but the distinction 15
s > msufficient  basis for
= o

TR 1% any real system of
%’\ - clssification

2t W \ In fict, the only

\\ \E\ f-}\?\{ system which has grven

IR S any reisonable degree

B of satisfaction 1s that

N put forward by Grosser

- s (1927) nd later (1937)

»  shghtly modified ~ by
".‘j Mossman It 1s based

-
- 3
BRGNS PR ?‘\‘ upon * the mtimacy of
- 7,4\"‘;;},“5} ,(:‘t,: y contact between the
AR bnl\‘ra ! chorion (trophoblast)
< m .-J‘A;’ ’ and the maternal tissues
i
Bt and thereby indicates

the thichness 1nd con-

16 gga —Dig foetus within tts membrancs re: fi t
. moved fromthe MOUS  Stitution of the mem

at the 8oth day of pregnancy

Unfortunately the ndges mn the chorion

are not wellscen ANl D allantorc dn erticulum brane separating the

maternal  and  fetal

blood-streams, that 1s, the placental membrane ”  The resulting classes (figs
103-106, 147) are five 1n number

(1) The cpithelro-choral, it which the membr ine comprises, on the maternal
side’ endothelium, connective tissue and epitheltum, and on the foetal side
uterine lumen, trophoblast, connective tissue nd endothelum  The gross
shape 1s diffuse and the endometnial relation non-decidute  Plicentae of this

type are found 1n the
horse and pig

(2) The syndesmo-
chortal —The mem-
brane comprises the
same 1tems 4s 1n (1)
1bove, with the excep-
tton of the maternil
epithelium  The gross
shape 1s cotyledonary
(or multiplex) and the
endometrial relation
transitional between
non-decrduate 1nd de-
uduate  Plicentae of
this type are found 1n
ruminints

(3) The endothelio-
chortal —The mem-
braine compnses the

| au S S (- 1) 1

I'ic 99 ~—DPig foctus a litter mate of the one shown mn fig 99a with
the alfanto chorton AK€ dissected away to show the ammion aw and
umbilical cord UC



ACRIONIG  EPTH LI 3
A?’jm:mw o i 2 D=
PR meres silie g
B o PR M 2

S s 7 S P w e st (1-;4/ N ﬁJ AR

. e T it
Mkl oo W& /-53 puteive)
* -

el MO VIS T
ome

rate
Fics 103-166 ~D agrammat ¢ sections through varwous fvpes of placenta (Amorosa)

Fic 103 —Epithelio.chonal placenta of the pig  All the layers of the mucosa are presened snd the
utenae op thelium 18 in contact with the chonon

F1o 104 —Syndesmo-chorial placenta of the sheep  The uterne eprthelium 35 mussing and the choron
15 10 contze? vith the maternal conneetn ¢ Bissue
F

1¢ 165 —Endothel o chonal placenta of the car  'The mucesa 1s still funtber reduced and the chonon
veaches the endothelium of the maternal blood vessels P placental Jaby nath
Fic

J unctional zone
o6 —Labyrnthine placents of the gumea pig (Amoroso  after Grosser}

According ta Crosser
(1927) ths placenta 1s haemo-chona! 1 ¢ the endothelium of the maternal blocd vessely 1s broken down and
roaternal blood comes into dir ct contact with the chonon  Accord

0g to AMossman (1957} there 18 probably
a further change to hzemo endothel 2] 5 ¢ matesmal blood comes into dasect condact with the endothehura of
the fortal blood vessels  This view enticized earhier by Crosser {1927 131-132) may be regarded as sull
sub judice P placental labvnmh T layer of maternal blocd spaces Lmed by syncvtotrophoblast
4 sthout foctal vessels between them VI musculans A afferent maternal vessel  §  efferent raternal
se:

the detachment and expulsion of the placenta and the change aver from the
mature foetal aarculation to the post natal one

In the case of the diffuse epithelio chonal placenta for mstance there 1s no
‘ery mumate connection between the maternal and foetal structures and the
placentass i one prece  Hence separation of the placenta, once 1t has begun
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gumnet-pigs , they mas,
erlier in gestation, hne
been hiemo chornl (fig
100)

The great advance of
the 1bove system on
previous onesisobt sous,
but 1t should be re-
garded 1s 1 right be-
ginmng rather thmn s
A final story, for there

Fic 101 —Dog foetus delnered by Cacsarean section at full term  21¢ ANy difficulties
showing zonary band of villt on the surface of the chonion Notethe ~ connection  with  1ts
marginal haematome  Seale in em universal appllcatlon,

and considerable re-
search still remuns to be done before these difficulties are overcome  As
Mossman stated 1n his_general summary, “ the arations and niceties of
adiptations between 1 female mammal and her mtra-uterine young are s
infimte and comples as those of any other biological system

After this general summary, one should add that’ the mun points about
the placentie of 1 large number of eutherian mammals are to be found on
pp 204-32 of Mossman’s article  One may 1lso note that the physiological
exchinge of fluds, dissolved sub-
stinces nd gases 1cross the
placentil membrane has been the
subject, durning recent yjears, of
numerous esperimentil investigi-
tions  'The results 1re 1 consider-
able addition to foetal physiology
but they will not be summarnized
1n this book, which 1s not primarily
concerned with such functions of
the foetal circulation, but rather
with the rate and amount 1nd
other characteristics of the blood
flow to the various parts The
present writers hive not yet made
any cneradiographic studies of the
flow through the plicenta, though
such are on their list of agenda
Until such records have been
obtamned and the placental anatomy
has been re-studied 1n the light of
the phystological findings derived
from ti;em, the main 1interest of
this section 1s 1 connection with

FIc 102 —Guinea pig foetus age unknown showing
the third stage of labour, 1€ with  ducod placenta U1 uterine wall



COMIPARATIVE ANATOMR 135

which are not everywhere equally marhed The
furrows are caused by the contraction of the
arcular band of smooth muscle which at this
pomnt encircles the two arteries and the vein and
the allantoie duct, the vessels have to a lrge
evtent Jost thexr surrounding connectnne tiscue
The narrowing 15 shown both in the fig and also
in the dimensions recotded by Hauptmann, At
10 4,and 1 em distance from the shin the cord
measured respectnels 55 12mm 37 X 14 mm,
and 19 X 14 mm  The anatomical peculanties
ate of importance 1n relation to the rupture of the
cord 1n thy species

(2) dilantorc and ammotic portions of cord —In
the horse the cord can be regarded as conststing
of ailantoic and ammiotic portions the former
evtending through the allantoic sac from the
allantors chorion to the ammion and the latter
through the ammiotic cavity from the allantoss to
the umbsficus  The alfantore portion may repre-
sent a half to two thirds of the total length of
the cord (Williams 1917 1940)  Schultze (1896,
fig 86) gave 4 clear picture of the two poruons

FI6 107 —Hore foctus
In the cat and the dog the allantose POTHORIS Very  Laow n * Broxmal poriion a5l
short and 1t 1s completely absent from ruminants  biicalcond UC 1o show constme
2nd the pig (Flerumg, 1o30) ton (betneen asterisks) meat 1o

bilieus O X il
(3) Length of cord Indrvidyal and spectfic ey e I"{’t“w’\’b‘;‘z'
vanations are found (Flemung) 1n the dog and  Je b‘é:}c..:'gn T
thefca; th‘;: gor;i length 15 25 to 5 cm, or about
of the body lenmh (Flemmg) "Willams (1940) said about b if
Il;n%}:nehl: the horse t(}:ie length of the foetal ?;tlt)ra amniotic) p:n \::f ;?gr‘]
25 70 em (duameter 2 to 5 cm) 1e slghtly gver b
S:f‘oa :r:b)ogf (Il:)e m:xtureF i;oetus Zietschmann $1924g qu!r.)tc:ie[:) :&ilhﬁ;gtg}g
o cm CIung gave a range of 7 to 1 d
an) Volbams 1n a senes of thiry 35 Tound o A Jameter § 75
y thoroughbreds found 3
under 0 em (about equally dnaded bety Mantore ogron 125
the londest cond o 3l Shnade o amniotic and allantose portions)
2 h 73 cm  In four cards Wiy ht (1 :
;l::::t;xlz p?lrl’ttllons 25 321 20, 2nd 42 , em respectnyely, ani rh(e (t):?)gzefs‘;)“o‘:gi:he
onaotic I »\ ox;; zS. 35 50 and 25°em fespectively, te g total length of P
and the placer?z’a J Cig I(‘:ir::gi?r:d oo ;1 c1rp oy e el pshed 30 L‘g
3 n, 1901 lem .

; > crgm(abO{xIt half’ the foetal length) for thes ammallngnda{slﬁ);;“ge o 2(2 3t
s;;e%zmen ‘A 1};\0! {(1911) smd the very short andIsrgne'D ]
o et o e o rfl ) s (o)
ernm oy

g]fa:he dfoitus while Williamg gag\e the absolute Ie:nsrr}:ztched the v hole‘length
med that 1t was reJameI) the Iongrstcardfou dg‘ o doout 25 o and

nd among domestc Mammals
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tends to proceed rapidly to completion  If the foetus 1s so placed that 1t cannot
breathe for tself when the placenta has so begun to separate, the second stage
of labour must be rapidly terminated, or the foetus will be 1n danger of death
from asphyxia  Where, on the other hand, the placenta 1s of the cotyledonary
syndesmo-choral type, partinl separation 1s shightly more difficult because of
the somewhat more intimate contact between the maternal and foetal structures,
and 1t does not so readily proceed to complete separation because of the
subdivision of the placenta into a large number of small scattered masses
Placental factors are, therefore, of mmportance when one considers the birth
processes 1n dividual spectes of mammals f(see Chapters V and VIII), on
the other hand, they are by no means the only factors mnvolved, so 1t 1s unncces
siry here to go beyond the two examples already menttoned

This section cannot be concluded without some reference to the innervation
and pharmacology of the placental vessels So far as the mnnervation 1s con-
cerned, 1t 1s 1 prior1 unlkely that the placental vessels are innervated if the
umbulical ones are not and, as will be seen 1 section (1) below, the general
finding 15 that the cord vessels are not innervated An exception, however, 15
provided by Amoroso’s discovery of nerve-bundles within the bovine cord and
it will be mteresting to learn if his further researches show a carry-over of the
mneriation to the placental vessels in this species  So far as the pharmacology
1s concerned, the sole references discovered by the present writers are to some
work done by Yunoki (quoted by Ueda, 1931, 1), who reported that adrenaline
was without effect upon the rabbit’s placenta, and to a paper by Dawson and
Robson (1940), 1t 1s, however, possible that other contributions have been
overlooked” Dawson and Robson perfused placental vessels 1n sttu 1n nearly
full-term cats and bitches  Acetylcholime increased the perfusion pressure,
adrenaline, except 1n one experrment, was without effect, posterior prturtary
extract caused a sustamed rise  Here, again, 1t will be of mterest to nvesti-
gate the bovine placents, 1n view of Amoroso’s findings about the cord, and
to discover if the vessels 1n this species show any more marhed reactions
to qutenomic drugs

(1) THE UMBILICAL CORD AND THE UMBILICAL VLSSELS

The literature 1s concerned chiefly with domestic mammals and 1s not too
satisfactory, even 1n respect of these

(1) L wrg'ﬂal features o[/” the cord —T'wo features only will be mentioned here
On the surface of the horse’s cord are numerous rough protuberances (fig
108m), their sizes vary from that of a mullet grain to that of a lentil, and they
are formed by local héapings-up of ammiotic epithelum (Gmelmn, quoted by
Hauptmann, 1911) Bigger protuberances are scen on the cord of the

s 89, 109¢

hl?lplfé) (})S:;; ((:igd algo c\‘})n%ms 2 narrowing Just before 1t reaches the edge of
the shin of the foctus (fig 107, cf Hauptmann's fig 1) This ning, accordm%
to Gmelin, 1s clear and free of pigmentation and 1s covered by several lay e(;-s 1;)
epithehum  Hauptmann said that 1ts surface 1s very white, 1s cow?re y
epithelium similar to that of the skin, and exhibits fine longitudnal furrows
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which are not everywhere equally marked The
furrows are caused by the contraction of the
arcular band of smooth muscle which at this
pomt_encireles the two arteries and the vein and
the allantate duct  the yessels have to 2 large
extent lost thetr surrounding connectne tissue
‘The natrowng 1s shown both 1n the fig and also
m the dimensions recorded by Hauptmann, at
10 4, and 1 cm distance from the shin the cord
measured respectively 55 N 12mm 37 ¥ 14 mm
and 19 X 14 mm “The antomcal pecubiarities
are of importance 1n relation to the rupture of the
cord m this spectes

(2) Allantowe and ammotec portions of cord —1In
the horse the cord can be regarded as consisting
of allantoic and amniotic portions, the formey
estending through the allantorc sac from the
allantoss chorion to the amnion and the latter
through the ammotic cauity from the allantors to
the umbilicus  The allantore portion may repre-
sent a half to two thirds of the total kngth of
the cord (Wilams 1917 1940)  Schultze {1896,
fiz 88) gave a clear picture of the two portions
In the cat and the dog the allantoic portion 15 very Fia 107 ~Hlone foetu_age un

Anoxn  Proumal portion of um
shiort, and 1t 15 completels absent from rumimints  biheslcord UC 10 show constre

ton {between  astenek: it
and the prg (Fleming 1930) umbitiens & }mxser? umbrhest
3) Length of cord “Indnidual and speaific  arten - allantore duct urachus

\gnauons ate found (Tleming)  In the dog and g 5 e blggllc‘.:?n v
the cat the cord Jength 15 2 3 to 5 em, or about

of the bods length (1 lemng) , “Wilhams (1

' 940) said about half the bod

kngéh 1In the horse tSae length of the foctal (tntra amniotic) plart \\a: gz(s]e:]

(;20 MEn a3 70 cm (diameter 2 to 5¢m) 1e shghtly over half the Iength
m ) of the mature foetys Zietschmann 51924, quoted by Willams) sayd

opon n the serses s 7y €M

mmmcp%r:‘(‘?s 25 3 5 20, and 42 5 cm respectively and the corresponding

motie ™ = t;;? 13 35 50 and 25°em respectinely, 1e a total length of 40

and the placenta J —cr; l(‘:ir(l:gl?glg: Clo o ?I CIYP] o on ot s, g
, 1got CIMINg gave a range of 23 «

P Topfabou foctal length) for ths ammal and Wx”mmsggn: oz;_z > :o

> not (1911) smd the P1g s cord v i)
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16 108 —Scales  transverse sections of umbilical cords 5 mm  high power views o 1 mm

a Bovine (Bos taurus) foetus ¢ 130/¢c 280 days  Transverse scction of umbifical cord  Above from left

to right artery allintoic duct artery vemn  below vem
High power sten of amniotic pustule on surfice of same bovine cord

¢ High power view of per artenal region of same bovine cord showmng several small blood vessels and
nerve bundles in the immediate vicamty of an umbilical artery

d Goat (Capra furcus) foetus nearly full term  Transyerse section of umbilical cord  Above arterres
below veimn allantoic duct ven

[Continued at foot of opposite page
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the amntotic_portton of the
(), Torsin of il megulglr sp;:)ﬂ:nl\n from the umbr:llcus {Haupt-
hosse’s cord (Gumelin) disappear S0t most marked 1n the horse, and
mann) Williams said that the twist “as“ e He added that the
occurred m both the amniotic and the allantoy hat 1t 16 almost
e cord length, and that 1
ant of tnisting appears to 1axy with th ' t of five
ams;1 \bited 10 Tummants by the sl ortness of the cord gn three ou f e
Ffcord Wogie fpud o st 0 M 0 o S cord
the other two cords, both portions bet! ’ s
lx:\o twsts were long ones (67 5 and ;/‘° ﬁmgum{“:i‘:\’é fonnd the pig’s cord only
Shg?ﬂ)srt o lzittehd o}))ca:;m»p:?csg?d:;g u: Beay er (1909}, tests of the strength of the
hu(ril)an gga were begun mn 1841 and led later to compamtnehstt;dles b:‘
hehrer who found that the cord was unable to bear the weight of ¢ 1e cct:l)s 1
ruminants, etc was usually able to do so 1 Man, and myvariably able to do so
at and the do
® (‘(sez;r;mt and cas.vutente of cord matrrx —In the horse’s cord, according to
Gmeln, the arteries and ven are surrounded by a loose' connectnve tissue, 1N
the meshes of which 1s a varymg amount of Wharton's jelly  Hauptmann
stated that the ammotic sheath 15 very loosely attached to the vessels by fine
fibrous strands and that this ntersascular connective tissue becomes more
gelatinous towards the umbilical g Meyer (1914 a) quoted these findings
i the horse and added that the matrix 1s specially great in amount and semi-
flurd 1n character i ruminants such as the sheep and ox  Such semt flndity
allows the severed vessels of rumuinants (and equidea) to retract as well as
contract withm the cord while the firmer attachments present 1n other amimals
present retraction though contraction 3s possible
(7) The number of the large blood wessels i the cord (see figs 108, 109)  From
the accounts given by Schultze (1866 76-118 passmm) and by Popoff (1938)
1t 1s obvious that great generic and mdnidual duersity ewsts Omphalo-
mesenteric vessels (pictured by Needham as early as 1667) as well as umbilical
ones are present 1n the cords of some animals (eg the cat and the dog) It
would serve no very useful purpose here to List all the available data, but one

* Thus »s certamly untrue of the sheep so far as personal experience goes

Fig 108 co ¢ mied from foot of preveous pa ¢ |
High pooer view of pact of same goat s cord
blo o pover vien of p £oat s tord n vicmaty of allantore duct
an camel (Canel s d omedar us) foetus ag ky
ge unknowt  Transverse secuon of umbilice
fomeht sen artery allanto cduct (sbove) remains of yolk ssc indcated by arron (helow) am:r; C\T\:
i n gh Dot er viey olf_ amsuohc pustule nea surface of same camel cord
1gh pow
o nge rpn €ryiew of part of same camel cord shos ng degenerated remains of yolk sac and small blood
1 Pig (Sus scrofa) foetus ¢ gyiprz—
ey % o5t (b:)x:\c)d\zzxsn Transierse section of umbifical ened  Left to nght
2 High pos 31 % of superficial portion of same pig cord
. Jer blond vesaels s o the sup it reron of he sord The s pomag ¢ Sn dstbaton of the
‘h"lﬂ_;“ oft()i:es C'—log N P in umbilical artery 1s seen on
orse (Equus <aball 5) foetus ¢ 140 30,
ngth\c‘:l wten allamor: duce indscat 4 by lar?:;’v?:‘)}:\e)'l;rrdt‘:sr‘;nc section of umbilical cord - Left to
2h povers ew of
R £ portion of same horse cord showing small blood essels
7 Horse fo tu3 more advanced than Jast H
show ng an amn oftc pu tul and numerous dey uJﬂE g::x:rm‘l:m !

Note the numerous small

the distribution of these

Sy ﬁp;:ml portion of umbilical cord

o r—
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T1c 109 —Scales  transycrse sections of umbilical cords s mm  high power views o 1 mm

a Kaller whale {Pscudorca crassidens)y foetus age unhnown ‘Transverse section of umbilical cord
Left to right vemn artery allantore duct artery ‘emn

b High power view of portion of same whale cord  The sma)] blood yesscls are seen an the wall of an
umbilical artery 1 € 1n an altogether different position from that which they occups i the cow pig and horse

¢ African elephant (Lovodonta africana) foctus ¢ half term  Transverse section of umbilical cord
Left to right xein arteries {(one above the other) allantore duct

d H Hipt hab; foetus age unknown Transverse scetion of umbiheal
cord Left to nght vem artery allantoic duct vemm artery

¢ High power view of amniotic pustule from surface of same hippopotamus cord

S Gonlla (Gorilla gorilla) foetus full term  Transverse section of umbiiea) cord  Left to pght sun
arte! arte:

gr}Colobl‘?s (Colobus ocerdentalis) foetus age unknown Transverse section of umbilical cord  Left to

nght, artery artery ven
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which arc
h advantege summarize the facts about certam antmals
’:éi«féﬁfed faxly often tn the subsequent stary nd, 1 the more penph eral prt
In the horse there ase tho umbiheal anerxesha T ort 2510 13 o
e cord, 1w o venae comstes, these yens, hose e o blood  ssscls
of the cord, bibicus {Hauptmann) 5o there are ondy three may Frevopeet
iﬁofgezziﬁﬁtm)'nng 1n the o there are two um%\\xcsiual:et:?: t:;uall\ Jomed
comites ip e Ol e gtc:‘r‘dd\é\é tx(% t;.e cm’d,‘ and the vans fuse
by 2 trans erse anistomosis abo\n{ 1N e o very like the sheep
with enc snher 3t the bl \‘m&; d; %(\en: are two arteries and one
Sccardmg to Schultze (1896, fig ¢3) and Jor ﬁnh o o oach
semn 1n the pig s cord, according to Fleming, there nB N e eins and the
o of the large vessels of the cord ~Botl h
rt( > ef es\'[erlfa;:;rl\zb]e for the thich muscular charactes of bthexr walls T (;._
arteres a o0 o
1s have been guen by 3 succession
tustological pretures in different anma " ey dberbed the rets
authors, e g Henneberg {1900) and Borodosutsth (1927 P A
wara {1902) those of the rabbu and dog  Hauptmann tha

'ﬁ&o\gﬂ]cﬁgin \h('.\\gt?f zhe pg, maddison a aunber of Popoff s pup:rllsm;;x:}‘;lés‘;;gd
dactorate theses dealing with the cords of vatous Spmis (sut zed ) 2‘

Popoff, 1938}  One would be yusufied in recapnu\atm:‘ these accounts x1 .
monograph on the umbilical cord but scarcely so'i‘\ere { Dnﬁ] 15 to gc;\c\;a 1‘ lf.
atall pne may state that there 1 4 tendency for “ longitudmal® muse! e; ] 1c
snternal to ereular muscle (Bucura 1902, Popof.i, 1938 , and others), for the
uminz of comtracted artenes 10 be © star-shaped shits, and for the famina of
contsacted vews to be more ewcular {Popof], 1938, and athets)  One must,
however, reassert here that histological sections ‘are of themselves madequate,
what one needs 1 order 10 understand bow the vessely react on post natal
sererance of their continuity 15 the result of reconstructions from serial sectians,
for only m this way can one obtan 2 proper 1dea of the internal arrangements,
and of the external attachments of the vaseular tube as a whole  Such recon
styuctions would also decide how far ¢ longitudinal * and * cireular ® muscle
fibres are propeshy so called  of one straps the “ cyrcutar ™ coat of an wmbrhesl

vessel 1t appears 1o come off 1n a close spiral  Present accounts of the elasnc
tissue m the vessels are often conflicting and ane would e to see thys matter
clearedup  \o valies ate present 1n the umbiheal 1eins

{9) Pharmacofogy and mnercation of the cord vessils —In s much as 1t 1a
casier 1o do pharmacological tests on Targe vessels and human cords are much
mwre readdy manlable than those of targe domestsc ammals, there 15 ractieatly
no literatute o r f

n the comparatice harmacology of the cord vessels® , Waterman
1933 14) commented on thus e umbnhical yesp The

ach m respect of
Questton as (6 w hether the ymbifical 1 essels are yner ated has olso been studied

auatdy 1 Man, but there are 2 fen references 1o work on lower anmals

Argaud (1023) mentioned a nert ous sugp]) butdid niotgrve any detaled aceoung

ot hus indings  Ooi (1934) clamned that the cord sessefs of the rabbit and the
* Professor] A Gunn {unpub),

dpam ok :he 1S mrémril;nﬁtdmoﬁ;:‘mm’ f?umi :;m—nai segents taken 'ror:l Varous
epressants

The tesponse to adrenal ne
~omillions was unanably a contmetron

p P and
used 1 some expenments 1 eadcentrations as low as 11
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F16 109 —Scales  transver ¢ sections of umbilical cords 5 mm  high power views 0 1 mm

a Kailler whale (Pseudorca crasstdens) foetus age unknown Transverse section of umbihcal cord
Left to right vemn artery allantoic duct artery ven

& High power view of portion of same whale cord  'The small blood vesscls are seen 1n the wall of an
umbilical artery 1 e 1n an altogether different positton from that which they occupy in the cow pir and horse

¢ African elephant (Lovodonta africana) E)etus ¢ half term  Transverse section of umbihcal cord
Left to right vein artertes (one above the other) allantosc duct

d Hipp Hipp Jubtus) foetus age unknown Transverse section of umbilical
cord Left to night vemn artery allantoic duct vein arters

e High power view of amniotic pustule from surface of same hippapotamus cord

f Gounlla (Gorilla gonilla) foetus full term  Transverse scction of umbilical cord  Left to right vein
artery artery

& Colobus (Colobus occrdintalis) foetus age unknown Transierse section of umbihcal cord  Left to

night artery artery vemn
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umbilical arteries 1n 1ts thickness
and firmness, the latter was
flacaid and collapsed lihe other
vemns  Spivack (1943) noted that
the umbilical vessels of the
winea pig do not possess an
§d\entlgag\nthm the cord, but
do have one within the abdomen
The 1ntra abdomnal portions,
except m the immediate nergh
bourhood of the umbilicus have
a nich supply of non myelinated
nerve trunks and nerve fibres
which in some areas form larger
orsmaller meshes  Inthe African
elephant there 1s a sudden
crease 1n the thickness and con
tractility of the umbtlical arteral
wall from about half wav between
the termination of the aorta and
the umbihcus so far ay one can
Judge from the fived specimen
personally exarmined (fig 110)

sechions added to the figure
mesentenic artery and 4 nght and left ren
(m) THE LIVER sand 6 mghtand te L exteral tae ne
al art, d ht
In the foctal lamb 1t 15 possible g‘c:l artery  8and g right and left internal thac artericy

I cocliacartery 2 anterior
al arteries
enes 7 (black dot)

< in cm
to divide the Irver mto umbalsea]

and portal mozeties according to the radiographically obseryed affcrent venous
distributions  the anatomucal duvsions correspond when one includes the sinys
mtermedius distribution 1n the umbihcal motety Tt would be wrong without

further experiment to assume that there 1s simula
r agreement 1n all foetyses
but the findings 1n the lamb do suggest that, even anatomucally, the matyre
foetal In er can be best described not n relation o 1ts external topography, but
.

Earlier worhers
S way were R 8 -~
T ooten (1908), but alf their mai,er‘lafe(e:c‘ (s Cantle (1897-8, 1899), and

ept for one foetal hyer examined b
Rex alone lookef any large senies o‘f
studies of the foeta] Iner, carred

out at the Nuffield

Institute,
and }(\2) because they haye
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gumnea-pig were innervated by sympathetic fibres, but did not find any carry -
over to the plicental vessels™ Sprvack (1943) appears to hve gone mto the
matter much more carefully and crtically than her predecessors, and she w1s
unable to find any evidence of 1 nerve supply to the vessels of the guimet-pig’s
cord, though the intr1-abdominal portions of the same vessels, simultancoush
stuned, were found to be innervated Amoroso, however, has found nerve
bundles 1 the bovine cord (fig 108c), nd 15 pursuing the matter farther
(personal communicition)  So the story 1s not yet complete

(10) The attachments of the cord vessels to the wmbilical ring —Baver (1900)
wrote that 11 most domestic anmals the whole of the umbilical vessels 1re
firmly attiched at the umbilical ring, but that 1 ruminants the vein alone 15
thus attached, the arteries being so loosely connected that they can moye freely
in and out of the nng  De Brumn (1gor) made 1 sumilar statement about the
calf, and presumably both his stitement and that of Bayer dertved from
Franch - Meyer (1914, 1, b) repeated the note about the looseness of the
arterial connections 1n ruminants, and said that 1t was otherwise in the pig, cat,
ribbit and guiner-pig  Personal experience 1s m accord with Bayer's state
ment 1n so far as the sheep 1nd goat are concerned , 1t has not yet been possible
to chech 1t on bovine materiil  Willms (1940) smd that the umbilical
arterses of the horse retract within the abdomen after birth, but that the
umbrlical ven 1s fived to the umbilicus ind cannot do so  In view of what
Bayer wrote, and of the effects of rupture of the horse’s cord described by
Hauptmann (1911), one would like confirmation or otherwise of Willtims’
statement

(x1) The accurrence of smaller vessels unt the cord —Goenner (1906) sard that
Schott (1836) found vasa visorum, both arterta] and venous, m the cord and
that the venous ones were specially noticcable 1n the calf if one sht up an um-
bilical vena comes and looked for openings on 1ts nner surfice  In the pig's
cord Jordan (1919) found blood 1slinds and many arterioles, venules, nd
capillaries  Many of these small vessels, he thought, were y1s1 vasorum, but
others were equilly certunly nutrient vessels for the allntoic duct, the
ectodermal covering and the general conncctive tissue In 1943 Harper
demonstrated sections of limbs’ cords that contuned numerous small vessels
Such vessels have not shown up tn the radiagraphic records of lambs delnvered
by Caesarean section 1nd injected with thorotrist  Spuvack (1943) said th?t
vasa vasorum can oceur, exceptionilly, in the guinea-pig’s cord Amoroso’s
sertes of cords (figs 108, 109) 1s much more cxtensive than any presious one,
and he nclines to the view (personal communication) that the distribution of
smnll vessels may be related to placentation types ~He wishes, however, to
evamine certun other cords before publishing 1ny definite conclusions about
this and other findings of interest N

(12) The mtra-abdonunal portons of the umbdical zessels —There 1s 1 remark-
able dearth of obsersations about the structure of these vessels, and 1t would
apper that the ovine band hun(]i’mdsu?le?ltbt&crco El;ﬁfterngfi;'\l:i I(k%;;l;e‘:gg

ed at a

only ones that have been stud: - and mtg:'n-abdommal porttons of the

struch by the difference between the extra
umbxllcayl vemn 1 the large mammals  The former was very ahmn to the
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1s_considered 1n a separate section
f this Chapter
¢ The Iuerpa_f the African elephant
Joetus (Amoroso, Franklin  and
Prnchard  1941) 1s arranged ven
simply 1n three masses (left central,
and nght) partally separated by
two fissures (figs 111, 112) The
papillary and caudate processes and
the gall bladder are wanting  The
posterior vena cava mahes contact
with the Iner near the diaphrag-
matic foramen only (fig 113) and
not, as 1 most mammals over an
appreciable distance, hence there
1s an absence of accessorv hepatic
vemns umting with the vena cava
caudal to the prncipal hepatic
vemns  The umbilical vem enters
the lver 1n the middle of 1ts central

mass and the lne of attachment of the fa
line from the vemn’s middle to the dextra
‘This hine 1s regarded as a
divisions of the central mass namely cen

hepatic vein

ate distributed to the left mass and th
e right mass

—_—
Fic 133 —Left lateral view of a central slice of the

Iier depscted sn figs 111 112 To the nght of the
oblique central line the Iver has been cut away fartherto
a depth of 025 em Hatched ares extemal Tnes
umbilical vein contracted outside liner
dilated wnside DI ductus senosus S/ maug
intermedius “The oval to the nght of the anus 18 the
opening of one of the offshoots of the portal ven

common ilac vein postenior weng
enabeloreand PI C  after sts unson with the nghs

and muddle hepatie vens  LITT left hepatic semn
Scalen em

leiform ligament corresponds with a
| edge of the termmation of the left

The left hepatic vein drains the left
mass and the central mass left the middle

night, and the night

general anatomical sch,
detal presented by a
external configuration and
Such a schema has stood the
examined, despm: munor difficulty
naturally recerves sca;
have studied the vem,
Matousek 1935)
confined attention
1872, Ruge, 1902-10)
Vascular schem,
of 1ts afferent venous distribution
mamnahan lner
(1) An umblyca]
process and

%) A portal motety

motety

ema of hepatic constitution underlying the considerable

large range of foetal material varying widely both 1n

at first sight, 1n

test of application to all the
x;s occaﬁmned by dners

nt support from the literature beca,

ls1 1n too se“ genera {e g Bradley, of, Ty otkers

or have studied the a4 R

chiefly to superficial and externa] he( o ooty (& hase

a of foetal mammahan heer

and efferent venous
M3y be divided anato,

1e left

1€ night mass
apillary and caudate Processes are

hepatic vein drams the central mass

hepatic sein drains the right mass
e ample vascular organization exhibited

by the elephant Iver suggested a

nternal venous arrangement

Itvers of other genera
1ty of fissuration Iy

1908, Kl 3
ult organ only 7 8, el

Patic vessels (Tlower,

(figs 114, ”\f) On the bass
C

s oliection, the foeta}

mass plus central mags plus Ppapiliary

plus caudate Process

occasionally wanting, and are there.
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F1g 111 —African elephant foctus (see fig 93)
Ventral view of Iner umbilical vein UV and
umbilicus  the long avis of the abdomen 1s
paralle] to the verncal white line  Interrupted
Itnes marh left and right fissures dividing viscus
into left central and right masses Continuous
black line goes from middle of umbilical vemn
UV atitsentry into the lner along attachment
of ligament to nght edge of termination of left
hepatic vem 1t subdmnides central
mass into central mass left and central mass right
P C trunk formed by union of posterior yena
cava and nght and middle hepatic veins
umbikcal artery U wrachus  Seale 1n cm

cause 1t 1s frequently difficult to
determine how far into the organ
1 particular portion, superficrally
demarcated by fissures, extends
No reference 1s made to 1 *“ quad-
rate lobe,” for the term 15 un-
necessary and apt to mislead, and
to avoid ambiguity the terms
“ papillary process ™’ and * cr‘t‘udate
process ” are substituted for SPE:
gelian lobe ” and “caudate lobe

respectively The comparative
anatomy of the ductus venosus

THE FOLTAL CIRCULATION

be described below, this simlarity has
suggested a schemn of the mature foetal
liver based on 1ts venous arrangements
Neither the embryonic development of
prrticular blood vessels, nor their uiti
mate post-natal fate, hs been taken mto
consideration, for the vascular pattern
of the liver at term 1s presumably ap-
propritte to the orgamism under the
conditions obtaming at the time, and
can therefore be studied without re-
ference to past or forthcoming anatomical
changes

In the account that follows, references
to hepatic “lobes” are avoided (1) be-
cause the term “lobe’ has hitherto been
used somewhat haphazardly, (2) because
fissures do not always divide the Ier
mnto physiological entities, and (3) be-

——t et

Fic 112 —Cramalvien of Iner depicted 1 fig 111
Interrupted blach line grves 1dea of width of postertor
vena cava Oe oesophagus Other lines and letters
asm fig r1r  Scalein cm
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cavally at or about diaphrag-
matic level as three—left,
muddle, and nght  In livers of
relatinely simple constitution
the middle hepatic vern drans
the central mass night and the
night hepatic vein dramns the
nghtmass  But 1n livers abso-
lutely or relatively devord of
deep fissures the main hepatic
vems (other than the left)
exhibit considerable vanations
regarding their dramage tern-
tories  so that 1t becomes
mmpossible to formulate any,
description adequately applic
able to even the indrviduals
within a single species  Fusion
of two mamn hepatic veins
before union with the Pposterior
Yena cava occurs in several
spectes, and there 1s consider-
able variation 1n the number,
size, and aspect of entry into
the vema cava of accessory
hepatic veins

Applicability of schema —
The foetal Ivers h
the gorilla lion

that 15 ve
of interest to
and the full st
tion howesver

The first of these 15 th

but considerable night one (4
umbilical + en)

caudate and pap,

mass to the righ;
by the nghy fissure which does

agawst which the schema has been tested are tho:
tiger, dog horse M.

aucasian goat, hog-deer Arabian ca

1y dnerse 1n externa] morpholo,

guve the complete detay]

0Ty must await publicaty,

one may refer briefly

at of a gonlla foetys (F; 6
fissures (1) a large deep Jeft onge, al {fee 11

t of the contuous line T,

not demarcate

163

Fic 116 —Cranual view
98) UJ  umbilical yen

of Iner of gonlla foetus (see fir
right fissure

F LF left
fissure I} C inferior veny caya opening of
bepatic vem from papillary process B 1 opening of
ductus venosus

drained by left hepat
etween anatomtcal umbilical ang
line explanation in text

se of Man,
rdinany goat,
Pig  These form g collection
gical configuration and 5t would be
s here  But lack of Space prevents ths
on elsewhere  For purposes of 1llustra-

alayan tapir, calf Iamb o
mel, and

8!
Tight mass 15 partially diy,ded
ny particular afferen; Vascular
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fore omutted from figs 114 and
115
The division between the lefe
and central masses, though marked
n some spectes by 1 more or less
complete fissure, 15 of minor m
portance, 1s 1t does not separate
any mojor ferent or efferent
venous territories  On the other
hand, the division between the
central mass left and the central
raass right 1s important, 1s separa
ting the territory druned by the
ofhG 114 —Schema of the foctil Iner n relation o ss left hepatic vern from that dramed
CHL cemtrmmere VW unbiresl von” o by other hepatic vems — This
(:I:f;.ucslc\ri?os;sm R tarce st pmbilical vea, offshoot division line m1y be defined super-
o el s oRey 489 ST s firally 1o that joming the middle
cna of the umbihical vemn (1t ats entry
within the umbtlicnl fissure or the

homologue thereof) to the dextral edge of the termmation of the left hepatic
vein  In some hvers (e g that of Lovedonta africana) this line may comade
with the hine of attachment of the filetform ligiment, m others {eg those
of Ous artes and Sus scrofa), such comncidence may be partial only, or even
wanting  The division between the central and the night masses may be
marhed by a more or less complcte fissure, on the other hand, 1 right fissure
may be present {¢ g 1n Gorlla gorilla), having no relation to hepatic constitu
tion ns determined by the venous arringements Commonly, though not
mvarbly, the line separating the central and night masses comncides with the
mud-line of the gall-bladder, when this organ 1s present

The umbilical vein offshoots are distributed to the central mass night, central
mass left and left mass, and the sinus mtermedius offshoots to the papillry
process, when opresent  The
opening 1nto 1 ductus venosus
(when present) 1s an approvimate
guide to the anatomucal diviston
between the umbilical vemn and
simnus antermedis  The portal
vemn distribution 1s to the right
mass nd to the caudate process,
if present With regard to the
hepatic svenous collection, the sole
constant feature 1s the drunage of
the left mass nd the central mass
left by the left hepatic vemn I'ic 115 —Schem of the rm{:;lRlncr m relation to 13

central mass right

ma ection . €
Following Rex (1888), one may - efferonc venous eolectar, Grif <S5y ™ % i

rechon the stindard number of G ML el PR S vens P1 € postenor
mun hepatic veins termintng  ienaenva

/
/ CENTRAL MASS
CMR cCML
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that of a vem draiming mass 4 and
caudal to this 1 successton, are
the openings of a vein from mass 3,
of 2 moderately small ven from
mass 7 and of one or two small
vems from mass 6

The horse Iner shows slight
mtra specificvariation It 1s multi-
fissured (figs 119 120), the um
bilical vein lies 1’ a groove on the
cramal aspect of the viscus until 1t
enters the organ near the posterior
venacava Therersno gall bladder
or ductus venosus Seven more
or less discrete lner masses are
separated by fissures The first
fissure extends almost to the vena
cava on the cranual aspect and over
half-way to 1t on the caudal aspect,
it largely separates mass 1 from
mass 2 The second fissure ventro-
caudally separates mass 2 from
mass 3 {to about the pomnt of entry
of the umbilical ven 1nto the
Iwer) and caudally becomes con

FIC 119 ~Ventral view of abd,
tinuous with the ventral part of horse foerus

e foe ) cr and groove for
the first fissure The umbilica]  §mblieal e vein itself retracted cramally
vemoverhes the second fissure 1n a

lomen of a s1x months
opened up to show I

For

drvston of Iner 4 Secale 1 om

nto masses sce fig 120

partly separates mass 3, ventro-
from mass 4 The fourth fissure
3 and 4 from mass
y the posterror vena
<tending shghtly farther on the caudal
aspect than the first fissyre The fifth fissure
255 5 from masg

F16 129 —\entral
:arh bhcrr foetus to 4 )
numbered s £ 7) intg wh ¢
drieds BT PR vers  the diaphragm
IF intermedgre  THASSEs y—
Pl

Mew of I yer of

0\ masses an,

fissure U7} urobihicaly ern

lated, 15
portal yein  p ot M
02 Taterrupted fine - rioF vena

the affer,
o €nt yenoy,
Fronelorumblcalien Setemany @ busin i



166 THE I'OETAL CIRCULATION

mass The left hepatic ven
drains the territory to the left
of the terrupted line,
accordance with the schema
The next hepatic vein drains
the territory between the n
terrupted and  the dotted
hines, i other words, the
hepatic veins other than the
left show departures from the
schemn, 1s 1s not uncommon
m  unfissured or rehtiely
Iittle-fissured organs

The second Iner 1s that of
1 lon cub (fig 118)  There
are four fissures present ven
trally, of these the leftmost
extends almost to the dorsum
of the organ and separates
mass 1 (left mass)from mass 2
(central mass left) , the second

I1¢ 117 —Caudal view of same Iner as shown in fig 116 n
Continuous line diviston betss cen anatormical umbxhcil and extends equqlly far dors1ll) ?1
por:jal masses as .ncﬁ%no PP papllin, process € P the ciudal, less far on the
caudate process gall bladder PV ortal vein SCUS,
Rest of lettering 15 1 fig 116 bealemcm cranial aspect of the viscus,

[ S— L 2 . N

sepirating mass 2 from mass 3 (central mass
right), and lodging the umbilical ven, the
third extends to the sinus intermedius on the
caudal aspect but not so far as the second
fissure on the craninl aspect, separating mass 3
from mass 4 (part of nght mass) and lodging
the gall-bladder, the fourth fissure extends
deeply and separates mass 4 from mass 5
(another part of right mass) A fifth fissure,
invisible ventrally, separates mass 5 from mass
6 (part of right mass plus ciudate process),
finally, 1 sixth fissure seprates mass 7 (papillary
process) almost wholly from the rest of the
organ The 1natomical umbilical moiety com-
prises masses I, 2, 3, and 7, the anatomical
portal motety comprises masses 4, 5, and 6
The posterior vena cava 18 uncovered along
the caudal aspect of mass 6 only  The left

16 118 —tentral uew of Iner of

hepatic vein drams the left mass and the | G t4 0 " RE 0 0 M ver

central mass left, ind the middle hepatic vein masses n'umbercd }’;ulm w07 l‘jgfn
em porta

the central mass right, 1s 1n the schema  To ¥, Y0 T b1 ™ posterior

the right of the opening of the middle vemn 1s tenacmva Scale in em
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moety  The left hepatic
vemn drams the left mass
and central mass left, as
antcipated fromthe schema,
the remainmg hepatic dratn-
age exhibits departures from
the schema 1n consequence
of the excessive fissuration
Vass 3 dramns nto the
ruddle hepatie vemn mass 4
into this ven and 2 small
accessory one, mass 5 nlo
the night hepatic vem and
another caudal  thereto
About the level of this last
vewn opens a vein from mass
7 and, most caudally of all
avein from mass 6

(») THE DUCTUS
VENOSUS

Colin (1873) found no
trace of the ductus venosus
in “solpedes  but held
that 1t must be present n
them tn the earhest davs of
embryoruc lfe as st de-
velops from the omphalo
mesentenic vemn  According
to Bradley (1908) 1t 1s ap
parent at 22 days, 1 e at the
8§ mm_embryo stage, in the
pig  Rlages (1931) sard that
1t begins to retrogress very
early in the prig and the
horse  but functions nght
up to birth 1 carnnores and
ruminants  Exceptionally, it
may be absent from these
last  Klages humself noted
such a case 1 a lamb and
he referred to Franchs
findings in the calf (Franch
187,)  Van Gelderen {1933)
hkewse achnowledged “the
possibility of exceptions to

Fic 121f
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Fic 1212

I'ig 1216

Fic 121¢

F16 121 —a Boumne foetus over 74 months  Two viens of shightly lipped opening from umbtlical vemn

into ductus venosus
Bovine foetus nearls full term  View of night half of junctional region of umbilical ven U7

ductus venosus DV and sinus intermedius ST to show prominent smooth muscle sphincter (between
arrows) at beginning of ductus venosus (cf fig 122}  Top of figure cranial bottom caudal leftventral night
dorsal H T hepatc tissue  Scale §mm

¢ Bovne foetus nearly full term  Junction of ductus venosus (above) and umbilical vein (below)
drided 1n the Jong aws of the ductus to show ridge formed by smooth muscle sphncter at begmmng of
channel  Scale 1cm

d_Bovine foctus nearly full term or

umbilical vein  Scale in mm
& Bovine foetus nearly full term  To show s hike appearance of nearly fully contracted sphincter at

beginning of ductus venasus UV umbiical vein  Scale in mm
f Calf just born To show 1n) duced by sph at
U7l umbihcal vein Scale 1em

‘To show partially contracted sphincter of ductus venosus

b of ductus venosus D

absence of a ductus venosus and by an atypical spacing of venous offshoots
mmposed by the ler fissuraton Such exploration of vems suggests that
mass 1 = left mass, mass 2z = central mass left, mass 3 = central mass right,
and masses 4 and 5 = right mass Masses 1, 2, 3, and 7 therefore constitute
the anatomical umbilical motety, masses 4, 5, and 6 the anatomical portal



COMPARATIVE ANATOMY 171

(8) Horse —In a :
foetus of 140 days
the presence of 2
ductus was uncertain ,
from a six months’ old
foetus the channel was
definitely absent

(9) Malayan tapr —
In the single foetus
esamined no ductus
was observed

(10)Calf —Theliver
was removed from a
calf that died during
birth and shortly after
wardscontrast medum
was mjected under
screen  observation,
1nto the umbtlical vern
The filled ductus pre
sented an appearance
very simlar, though on
a larger scale, to that
presented by the duc "5l o0 Gost foetus 136 147 daye Dart of frame from det
e T T ot o e nceon, Toshon e
calfs ductus 15 pro  Er3 ol o radiographic record
vided with a sphicter

at 1ts beginming (figs 121 122) and unites with the posterior vena cava either

v a discrete onfice simstral to that of the left hepatic vein, or else by an
opening common to 1t and to this vein

Occastonally, both 1n the foetal and
1n the post natal amimal a vessel or vessels may be encountered entering (or
leaving) the ductus despite hlages 1931) statement, *“ Aus dem Ductus
venosus geht hein Gefass hervor ”  Bot Klages and Matousek (1935) figured
and descnibed the channel in this species  After birth, the ductus may for
some time remain persvious except at ats begmmng

(1) Ordmary goat —A direct caineradiographic record was made during an
injection 1nto one of the umblical venae comites of the cord  The foetus was
sad 1o be 136 days old and 1t werghed 2
section , the cord was

The ductus (fig 133) appeared to be relatively larger than n the
u 1ts general appearance however, was very similar and 1 some frames
there was some notching  at the beginning of the channel, 1 ¢ there was
pr;su;n:&bl) 2 sphincter mechanism at that pont ’

12) Caucasian goat —In the single foetus examined the d
bl ned the ductus venosus wag
nd at 1ts umbilical v ein extremuty not far from which a single small vessel
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F16 122 —Bovine foetus nearly full term  Longrtudmal section through junctional region of umbilical
ven UV and ductus venosus IV to show smooth muscle sphincter (fig 1215 1s a macroscopic View
of the ather half of the ) The sph extends ficially between the mterrupted lines I

2.

mediately below 1t 1s 2 paler laver of oedema and between this and the d thly stained hiver tissue 1s a layer

with numerous blood vessels Scale 1 mm

s general statement, which was to the effect that, so far as 15 hnown, the
ductus venosus occurs only 1n rodents, carnivores, ruminants, and primates

In view of the relative puaty of the literature, the following personal
observations may be of mnterest

(1) Gorilla —The foetus studied showed a ductus hipped at 1ts beginning
(re having 1 sphincter) and broadening out 1s 1t pursued an almost straight
course to 1ts terrmmation, dorsal to and between the left and muiddle hepatic vemns

(2) Lion —In each of two hon cubs exarmined, the ductus venosus was wide,
with a suggestion of hipping at 1ts beginning  In one specimen, just within the
lip, 1ppeared an offshoot to the papillary process  In both spectmens the caval
opening of the ductus was discrete and lay dorso-sinstral to that of the leftmost
hepatic vein

(3) Tiger —A very short, wide ductus was found, with 1 caval opening dis-
posed sumilarly to those m the hon cubs

(4) Dag —In the spectmens examined, the ductus venosus, the hepatic vens
from the anatomical umbilical mozety and 1n hepatic vein from the right mass
opened, about diaphragmatic level, into a sinus, which then turned to the right
to unite with the posterior vena cava ¢

(5) Broun bear —The spectmen of liver available was 1n too poor a state o
presertation to permit of any tracing of its vessels, there appeared, however,
to be a ductus uniting with the posterior vena cava ”

(6) False killer-uhale —The hepatic vemns were the only vessels that cou
be followed at all well 1n the sole specimen available, and no ductus venosus was
Ob(sgvj;i'mmx elephant —In the half-term foetus examined, a ductuls) 1 enosus
was present (fig 113) and 1t was provided with a sphincter at l‘tis cgmmr}lﬁ
(Amoroso, Iranklin and Prichard, 1941) The ductus pursued a slt\rzug
course to enter the devtral aspect of the left hepatic vein It 1s not known
whether the channel persists till birth n this species
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G 123 —To show the tnsta disdens CD  of ndge
{c)  within the heart on which the possertor casal channe] drvides
100 112 swustra and via dextra  Scalesn e
(o) Gost fortus 136/137 days  Caudal view of hestt and
greatvessels (posterior \ena cava completely removed) R A
rght atuum  R1_ nght ventncle AL A auncle of left
ACC ant nor waval channel  PU Jond gand L 3 L Lx

atrum LT left ventncle

pulmonary vens dramng r spectinely right card ac fobe right diaphragmatic and intermediate and lefe
daphragmatic lobes left cardiac lobe and left apwcal lobe R P.A

P branches of night and Ieft
lmonary axtercs A eorta luctus asteriosss B C 4 brachuocephalic artery

a1V oblique
Sem of Marshall (rann azvgos dramage Toute)  The v 3 simstra 1s functionally closed

() Ox foetus ¢ 5 months Caudal view of heart and great vessels {posterior vena cava completely
remaned) Lette ingas befor cxcept that RP 4 and LP A ave the mam right sad left pulmonary urter
35 and PUE isth openingof the pulmonary vem drawing the 1 ght draphragmatic and mtermediate and
left diaphrogmat ¢ lobes

{c) Hors foctus 5} months Candal vsew of heast and great vessels (postenior vena cava completels
temoved) Lett nngasbefor exceptthat PT 1sapulmonary ve nand T¥ the trachea

) Howe fortus ageunkmonn  PCC posterior eaval channel opened up  CS opening of coronary
snu AP free orappo able portion of the via svustra
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entered (or left) 1t There was a combmed caval entry of the ductus and
left hepatic vemn, the ductus opening bemng to the left of the hepatic ven
opening

(13) Hog-deer —T'he first specimen examined showed a large ductus venosus,
unique 1 personil experience by reason of its union with the vena cava
well caudal to the main hepatic veins In a second specimen (5 days post
partum) the entry from the umbilical vein nto the ductus was closed and
showed a shightly elevated surround , otherwise the ductus ws still patent and
united with the left hepatic ven just before their joint union with the posterior
ven1 cava

(x4) Arabian camel —The ammal exammed ws a young foetus, about 1 hg
m weight (Needham, 1931, quotes from Przibram a birth weight of 8o kg for
the species) A large ductus venosus was present, 1t and the combined left
and muddle hepatic veins umited jointly with the posterior vena cava

(15) Pig —In the youngest pig foetus examimned a ductus was but very
doubtfully present, from two older foetuses it was defimitely absent

(v) THE POSTERIOR CAVAL CHANNEL AND ITS TLRMINAL
BIFURCATION

In the majonity of foetuses examined, the postertor caval channel inclines to
the left, while the pre-terminal portion of the anterior caval channel (see section
1x below) inclines to the right

The crista dividens, which s of such importance to the circulatory story
the Jamb (Chapters III and IV), was noted by Ziegenspech 1n the gunea-pig
during the course of his first researches (Ziegenspech, 1884) It has been
found 1n all the foetuses personally examined, and 1t 1s still present after the
whole of the posterior /inferior vena cava has been removed  Views of 1t from
the caudal and other aspects are grnen n fig 124

In mature foetuses, the via dextra at first sight appears to be about equal n
calibre to the via simstra  But 1ts calibre 1s functionally reduced by the flows
through the antertor caval channel and the coronary sinus, and this latter 1n
many ammals includes a large part of the azygos venous return

(s1) THE VIA SINISTRA AND ITS PARS LIBCRA
References to earlier work, and an account of his own findings, were grven by

Mosca (1914)
The foetuses and immedsately post
which this section 1s mamly based, are much the same as those on

section (vin) below 1s mamly based
The lgc oz the vi1 sinstra, 1 relaton to the body as a whole,

-natal animals, on the examination of
which

may be affected

by(x) The lie of the heart 1n relation to the dorso-sternal md-line (see section

and
h l(f)lo)}%é fact that m some foetuses the apex 1s more caudal, in relation to the

rest of the heart, than in others



173
CO‘MPARATIVE ANATOMY

Fic 124 —T0 thow the ensta dnvsdens €D o1 sidge
{€)  wihun the heart on wh ch the postenior eaval channe) divides
1t via sunustra snd via dextea Scales in

(o) Goat foetus 336/147 days  Caudal vrew of heart sad
great vessels (posterior vena cava completely removed) R 1

nght atmum  R1_ night ventricle auncle of left

srem L1 leftventncle  ACC anteeior caval channel R jand gand L3 L L3
pulmenary 1euns drmmng respecinely npht cardiae lobe nghs dixphragmatce and antenmediate 2nd feft
diaphtagmat ¢ lobes left cardiac lobe 2nd left apical lobe LPA branches of nght and Jeft
pulmonary artenes A sorta DA ductusarteriosus BC 1 brachwcephalicartern QI Vf ohlique
ven of \arshall (mam az (os drawmage soute)  The via sinsstra 38 Canctionally closs

) O foetus ¢ 5 months Caudal view of heart and great vesse s {posterior ena cava completely
removed) Lettering s before except that RP A and LP A are the main right and left pulmanary arter
ws and P E e the op ning of the pulmonary vew draung the bt diaphragmatic and jntenmediate amd
m; ?mﬁhﬂw}\mc\ be; e Contt

) Horse foetus 5} months Caudal vter of heart and great vessels {posterior ven
m&"g&) L'cmrmg as beer uc:;; gucz Pl sa ‘mlmonaf;r e and T(( e raches o7 completely

orse foctus age unlaown postenor eaval channel opened cs

sous AP free or apposable portion of the via smstra penes vp opening of coronary
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"The course of the via sinistra, in relation to the heart 1tself, may also vary as
follows
(3) Viewed from the sternal aspect, 1t may be relatively straight, or 1t may
curve slightly, or 1t may bend round so far that the blood stream leaves 1t almost
at right angles to 1ts origmal course within the posterior /infertor cayal chinnel
(4) Viewed from the left side, 1t may pass due cramally, or nchine somew hat
sternally or dorsally from that line
In addition to the above possible vartations of direction, the via stnistra may
remam of approximately the same calibre throughout its course, or 1t may
gradually narrow, or 1t may narrow in 1ts first part and thereafter remain faicly
co{x;tant, or 1t may narrow and then open out and finally be reduced agan
calibre
Obviously, the number of varnables 15 very great, and at first glance 1t would
appear that the protean character of the via simstra 1s shared by 1ts pars libera
also  But one 15 able at the outset to introduce a simplifying concept, namely,
that the pars libera 1s of a farrly uniform type throughout the primates and
carnivores examined, and that 1t departs from this type only 1n the cetaces,
proboscidea, perissodactyla and artiodactyla exammed, of its form m other
orders of mammals personal expertence 1s laching
The primate-carmvore type 1s diagrammatically pictured n fig 156, which
1s drawn from a human specimen  In such a pars libera one can distingmsh
free and attached borders, and sternal and dorsal cornua  To the nght of the
pars libera (1 ¢ behind 1t 1n the figure) 1s the crista dividens  This simple type
of pars hibera can vary i the following ways
(1) In1ts dorso-sternal width
2) In its caudo-cranial length
3) In 1ts inter-cornual distance
(4) One or other cornu may be more cramal, or both may be at the same
level
(5) In the slachness or tenseness of the membrane
(6) In the degree of muscularity of the membrane
(7) In the presence or absence of fenestration of the membrane, such
fenestration 1s, actually, more common 1n the other orders eximined
(8) In the distance of the crista dividens from the free and attached borders,
both 1n the caudo-cranial plane and also laterally  If the muddle of the crista
1s cramal to the muddle of the free border, one can see through from the lsft
wnto the right atrium, or on to the pars hibera viae dextrae (* Eustachianvalie”)
(9) The termnal parts of the cornua may, exceptionally, be mere ndges (})1n
the endocardium, 1n which case the terminations of the free border are not the
same as those of the cornus, but are caudal to these latter
10) The pars firma and the pars libera can contribute varying amounts to
the total circumference of the opening of the via sinistra into the left atrium
Tt 15 clear, from the above list, that even the primates and carnivores can sh(;l“
considerable vartations, 1n respect of the pars libera viae smlstme,l within the
general type form  Even so, the mere ewstence of such a ggnerz; type 1s an
enormous simplification when one 1s mnvestigating a large numhcr o slﬁ)cxmens
In the gorilla foetus examined (full-term or practically so), the pars iberais a
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smple, slack flap and the
middle of ts free border
lies some dhstance caudal
to the crsta dnidens
(fg 125) so 1t would
have had to contract up
dunng birth to ensure
the occlusion of the via
sinistra 1t appears to be
sufficiently muscular to
have done this  Details
about certain other
primates are _avalable
elsewhere (Franklin
Amoroso, Barclay and
Prichard 1942 34) but
1n general the specimens
of this order require no
special comment

Nor, on the whole, do
the carnnores exarmned
with the cxception of the
brown bear foetus in
which the via simstra
passes almost due left
and very hittle cramally
The others show the
usual range of varmations

the cornua and so on

Fic

through heart etc  at first {up to snterrupted hines) in “long  axis
of infenorvena cava and Iht;:elhtr at an angle to this {see intersupted

125 —Gonlla foetus (see fig 98)  Views revealed by cm
lne in fig 120 €)

channels © EV Eustachun vahe RA  nght stoum

remans of feft smusahe AP free or apposable portion of via

stustra A sorta_partially dnided at Jevel of sorticvahe F Tr
pulmonary trunk  deale 1n em

superior and infenor caval
51

i the relation of the pars libera to the cnista dividens the relatse he of

Iibera occludes the v1a siistra but ipatomic:

In each of two 10 da

ys” post natal puppes the pars

al closure has not set i, 1 a
two months post natal fox cub 1t has done so

When one passes to the re
finds much more to say, and
that was applied to the via simustra by W

(age about half term) the pars libe

foetus
long from attached borde:

border a number of

atrial wall  ¥n the Araby
Uibera 1 pigmented biack and
around 1t

foetuses, ho“e\er, the
cranial to the crista d;

gy ropes ™
an camel foctus,

pars libera commonl,
tiidens and contrbytes

presentatines of the other orders examined, one
one realizes the aptness of the epither * tubular
'olff (1756) In the Afnican elephant
ra s stull farrly simple but 1s relatny ely

126}, the dorsal carny 1s more crinal
an the sternal one, and the free bord ) .y

y reaches an appreciable distance
over half the circumfisence of the
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opening nto the atrium (in the deer about
three-fifths, 1n the goat about three-fourths,
and 1 the pig and sheep on occasion as much
as six-sevenths, though individual vanations
are possible 1 each genus) 'These two
points ensure a yery obvious tubular character

to the via simstra
A still more complex ps libera 1s found
in the foetal calf (fig 12y) The tubular via
smistra 1n this genus 1s very long and may
reach right across the left atrum — The pars
firmn reaches for some distance on the cranal
side, but even (i’n tgls side the terminal
portion 1s contributed by the pars libera
i ) e g% Siephant foctus Gee alone  Often, though not mvanabll;’), the tube
pufmonary sinus and eft atcim drnided has no single, comparatively wide opening to
entricle remored Npang part of et mark s ending, but exhibits m 1ts distal
i\{:‘pl;sl:l::‘emporllﬁx;"(Jc:':l;all hatching) of half or so a large number of fenestrations
mate level of crista dredens P 1 opon The appearance 1n some spectmens (see, € g,
ing of pulmonary vems draming nght fig 127) Justifies Kihan’s (1826, legend of his
apueal and ardiac fobes POC poster fig 5) earlier description of the tube, for he
left ventricles Scale n em said that 1t was like the finger of a glove, 2
better stmle, mn view of the fenestrations,

would be 1 worn-out finger stall  One cannot give, as one can 1n the case of
the lamb, the stages 1n which this remarhable pars liber1 1s apposed to occlude
the via sinistra, but the process 1s effectively carried to completion, as post-
natal specimens show

More free-lymng still 1s the pars liber1 n the tapir, hippopotamus, and horse
In all these animals the via smistra passes to the left and somewhat dorsally,
and nlso bends round so that 1ts final course 1s at an appreciable angle to that
of the posterior caval channel The bending 1s least in the tapir, in the
hippopotamus and horse 1t 1s to nearly a night-angle  In the tapir foetus the
pars libera lies completely free before it ends by a single wrde opemng imnto the
left atrum ~ This opening has a sort of Iid that 1s free to close 1t, the “ hinge,”
50 to speak, bemng on the mednl side and the “ Iid ” being directed cranially
10 the open position  Whether the via simstra 1s Iike this in all tapir foetuses
one cannot say, nor 1s the closing of the Iid to be regarded s the only apposition
undergone by the pars hibera after birth In the hippopotamus foetus (s0
far as one can judge from specimens either madequately fived, or else fise
so that the blood 1s over-hard), the via sinistra 1s attached over part of the
dorsal wall of the left atrium, and the pars libera to the left of this may
have “guy-ropes” attaching 1t to the dorsal and lateral walls of the atrjum
The pars liber1 15 fenestrated, and the fenestrations 1n the mun face
sternally  The above description, based on three badly fixed specimens,
could doubtless be bettered if one had a single carefully fived foctus to
dissect  In the horse foctus the bulk of the via simstra 1s provided by 1its
free-lying pars libera, which may be fenestrated to the extreme n 1ts termnal
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sts sheer
forming thereby a structuse that 15 arresting in virtue of
porton, '
1>trac
e (ﬁgdxng(lh:xpter 111, *via smstra’” and * pars l\ber‘ns \;21: f‘“} :ramcn
Aierr‘gxt: that have been substituted by the presint \\fr:;lee o e
?)[\Zle » (1 ane of 1ts connotations) and for “ the valve o

Fic 127
Fi6 127 -—Calf st lbomn  Dorsal view of the heart etc
cavalchannel PCC wassl

ic 128

Before the specimen was fixed the postenor
Ltopen the dorsal wall of thzileh atoum “nc was rex;\m ed l‘r;d ﬂ';]e \l%\lﬂ‘u!lrﬁ
cked 1n the fully open posion Part of the cut left atnal wall s retracted cranmihy thereby com
B e duht atberonss D A and the right and left pulmonary artenes RP.A LPA ACC
The terouinl port on of the anterior caval channel R L.l mghtand leftatna  As continuation of
abligue ¢ of Marshall (mawn azygos druinage route) A aorta AP the free or apposable portion
ofthe 1asnstra Thewhir arrows mdicate the course of the posterior cavsl stream and its left and right
termnal dvisans  The o biack arrows R r R 2 indicate the approximate directions of the bl
str ams 1n the pulmonary vems from the night apical and cardizc Jobes respectively  the entries of these
iens wer n numste relaton 1o AP the veins themselres nere almost completely semoved by the
prelmirary isseenion of the specimen and ondy small portions of the sternal walls of their entnes are
wsible  Saale n em

Fic 128 —Horse foctus full term  Dorsal view of part of the heart ete  The specemen s incomplete
mn th nght upper part of the figur  Before 1t was fived the dorsal wall of the left atnum etc  was
remosed and the via sinstra packed n the fully open_posion  To show 1n s entirery the free or
spposable poruon A P of the v1a sinstra the photograph was taken from a point somewhat to the Jeft
and domally  PCC postenos raval chunnel R 1 R pulmonary vemns (packed with cottan wool)
r;;n]\e u:eq:gm ap cal and card ac lobes respectniely entering the left atnum an intimate relation to 4 P

respectively  There 1s no need to re

term  With regard to the second

peat here the reasons for changing the fiest
reasons for the change

% secon }t‘arm there are anatomical and functional
ough the primate-carnnore type of pars hibera 1s
n‘?t unbhe the unicuspid parietal valve found here and there m wlzms some of
the u\hters Jltllslt des%nbed ar;e obviously very unlike any of the ordmary salves
present 1n the cardiovascular s

o n ystem Fuucuonall}, these ordinary valves
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close when the pressure on ther distal side rises above that on their proximal
side, m the case of the valves of the heart, pulmonary trunh and aorta, such
closure 15 constantly occurring , 1n the case of the venous valves 1t tahes place
much less frequently and at irregular intervals, but 1t presumably occurs Igurh
often  With regard, however, to the pars ibera viae siistrae, the only retro
grade movement that 1t 1s definitely known to mahe 1s that which effects the
functioml closure of the via smustra after birth It 1s concervable that 1
powerful respiratory effort 1n utero might effect 1 transient closure m the sime
way, but such efforts must be mfrequent during the latter half of gestation,
when the mhibitory influence of the higher nervous centres 15 domnant, and
mn the earlier part of gestation the pars Iibera has not reached 1ts full develop
ment  So 1t would seem that the structure 1s destined mainly, if not exclus
wely, for the closure of the vin sinistra Just after birth  Readers may judge
for themsely es whether or not 1t 15 right to give the same name of ““ valve ™ to 1
structure that functions perhaps once only, and to structures that continue to
function throughout hfe

(vu) THE VIA DLVTRA

Direct radiogriphic evidence has shown that, m intact sheep and goit
foetuses towards term, 1 minor part of the posterior caval strexm goes to the
right  As 1 result of experiments involving opening of the thorn, Windle
and Becher (1940} concluded that all, or nearly all, of the posterior cmval stream
passes to the left side in cat and gumea-pig foctuses during the last third of
gestaton  There 1s, thercfore, phystological justifieatton for speahing of a 112
dextra 1n the lamb and the kid, and perhaps 1lso 1n the foetal hitten and guinea-
pig  Trom the anatonucal evidence so far accumulated, 1t would eppear that
some part of the posterior caval blood must pass to the right in @// mature
foetuses , the crista dividens 1s there to divide the stream and there 1s 1 pathwy
to the right

The vin dextra 18 a comparatively short channel, 1 all anumnls the frec
border of the crsta interyeniens my be regarded 1s ats termination on the
crangal aspect , 1n 1mmals that have 1 Eustachian valve, the free border of this
latter mav be regarded as 1 second limut of the channel, 1€ the valve 1s the pars
Iiber: vi1e dextrac  In grvng this name to the valve, one retlizes that the
structure 1n question 15 not developmentally comparable to the pars hibert viae
smistrae,' and also that 1t may persist for 1 long time after birth without
undergoing changes lthe those undergone by the p s liber1 viie sinistrae On
the other hand, as Ziegenspech and others before him ponted out, the two
structures are very comparable n their relations to the nght and left termunal
duvistons respectn ely of the posterior caval channel ~ One cannot yct say, with
certunty and with completeness, what are the functions of the LCustachinn
alve, but 1n the mature foetus, while the umbilica] venous flow continues 1n
full strength, only postertor caval blood, one 1magnes, cin be n contict with
the valve on 1ts cival aspect  The same must be true of the pars Iibera v1ae

(fig 125) and Leontoccbus rosalia examined as also 1n an aduit

1 In foetuses of Gonlla gorlla
hian yalve and also 1ts embryological counterpart 1 ¢ remains of

EHystrix longicauda both the Eustac
the loft sinus valve are present {cf Weber 1927 I 318)
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sinistrae, 50 there 1s at least ths degree of functional similanty between the two
structures dunng the latter part of gestation

Actually, most of the foetuses exammned by the present wnters have had no
Eustachian valve and the via dextra has consisted of 1 pars firma alone  The
pont 1s of same interest for Sabatter based his original hy pothesss of the course
of the foetal blood flow upon a supposed function of this vahe For this
reason and also because conjecture 1s very different from objectne evidence,
1t 15 quite wrong to refer to the radiographic findings 1n the lamb and the hd
:;vis confirmung Sabatier s hypothesis, 1n nerther ammal 1sthere a pars hibera viae

extrae

(vn) THE LOBATION OF THE LUNGS THL PULMONARY VIINS
AND THE RELATIONS OF THEIR OPENINGS TO THE VIA SINISTRA

"Fhe lobation of the lungs has been examuned 1n representatives of primates
c\arm\em cetacea, lagomorpha proboscides, penssodactila and artiodactsla
Tost of the matermal examined has been foetal, but some has been post natal
::gjzaa very small fraction adult (Franklin, Amoroso, Barclay and Prichard,
The typical night lung has four lobes, and the
On each side asin the lgmb, there are ap’lc:], cardx?rgl::::i lgf;plﬁr:ggx:\}:x‘:s ll‘;ng)es
%51}1 the night, 1n ad;ixgcn the:{e 1s 2n intermednnte, or mediastinal or azygos ]oegc,
e separation of the apical and
e o the el?t sldin cardiac Jobes 1s usually better marhed on the
One need not hist and explain here all th
which have been encmmtm?ed but nnae ma§ ‘pne?i::}()’: fnrsr:rT ﬁllg\:n)ma‘ lobation
In the gonlla foetus eamined (g 129) there are four & ba the s
:imgl they ate \:iell, but not completely, separated  The f(?urc‘sh‘,\: ;ht nghlbslide
obus 1ntermedins by y T 3
A hm;t‘;t CI:): ;‘!;!‘léglydi?ﬁ:}it?nihe short thoracic infertor vena
Ez;rrﬁspondmg tg the apical and cardiac lobes ofo o?}::; :ltr‘l‘lem‘::im"c Ic mt!;:a‘ 5:“11
nilfa exammined the lungs ar P
e Jobes are COmplelgh 2e;ulrr;tege?\ehnil s;lmxllar, but the nght apreal and
ol and 165 dorens On dharate dl et 1e obus intermedtus 15 relatnely
tobe are partially separated by an e“s1 e a Jarge apical and a small cardiac
ccrdentals bas g D hemal fissure  The specimen of Colobus
}}‘xl:h%\z much difficulty be grm?pr::%l :natg f::r or:ithc {f& side, but dhese can
e b rrespond wit!
prima :lesogrsnl:;\;l f:;:er sc:r:\eplitel) separate Jobes on ‘l;le r:gﬁ‘tigeml xll?g :mgn
of lobes especually 1n respect“ofa:hs“l“}lar but vany in the degre of SCP:"(;[‘ :r
In all the carnmvores e\ammcdet}ele‘rap‘ml and mlﬂhac ones .
separation of the fi e 15 a complete, or
e e e o T
invarably separat ree fobes the diaph,
;xl\\Ia\s hm smgt: niert;}tlill‘;:?:éutx‘s‘}:’ag?‘?‘"g n their degrsc ‘o“}gfmu;‘;ol?:tng:ft
n the single whale f < e
those of the poces P ottus studied the lungs 1
< below) b gs resemble 1 therr
) but there 15 no distinet lobus mtennaeg;l:sgemem
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T'tc 129 —Gonlla foetus ? full term (see fig_ 68)  Rught (a) and left (b) lateral sternal (¢) and dorsal {d)
and caudal (¢} stews of thoracic siscera r R Rz Ry rghtapeeal cardac draphragmatic and mter
mediate lobes L z L fused left apical and cardiac lobes L 3 left diaphragmatic lobe R A LA
right and left atriz  Between them 1n the caudal view e 1s the inferior caval channel with crista divrdens
apposable_portion of via sinistra and Eustachian valve just discerntble  JC € inferior emval channel

LV nghtand leftsentricles A aorta Tr trachea O oesophagus T4 thymus etc  Scale
incm  (The interrupted line in fig 129 ¢ grves the direction of the cut which produced the viewsshown in
fig 125)



81
COMPARATIVE ANATOMY 1

degrees of
In the rabbit all seven Iobes are found, but they 1ary 1n their deg
nt ’
e lephant foetus (AmMOroso, Frankhin anddl’mg\‘a;g[,ntcgjels)ldt‘ h ::l
e t}lfb‘:sﬁ;:nbee gxstmgmshed with im:l‘c ?ﬁﬁcult)‘h';r:‘ \ ;{, ‘a h <
nees arhed a featore
umI:er:;\;\ ‘l?(;rl'szb(“f};ug;o‘))tg‘eg lumt?gr: ;;le not lobated wn the wsual way , following
n

Aorta

Fic 130 —Horse foctus ¢ 100 ¢ 308 days

thoracie \ scera P postegtor caval channel

Right lateral cau
C ARA4 ALA
LV sghtandl {oventrl

dal and left Tateral viens of exsected
zunicles of nght and Ieftatma R ¥
les PTr pulmonary trunk LI lobusntermetius of bt lung  Scale i em

Sisson {1940) one can say that on each side there 1s an apical portion and a
body and on the nght side, 1 addinon, a Iobus intermedius

The tapir foetus
1s stlar, at least in respect of the left lung (the right one had been removed
befxq‘r‘e t{:e specimen was recetved)

e bovine lungs and the goat s lungs are arranged very much as 1 th
lamb 1 the hog deer the demarcation between right z?laphragmanc anfl
intermediate lobes 15 not eastly discovered and the left apical and cardiac lobes
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are fused  In all these amimals, as t the lamb, the night apic:

the mid-hne of the body  Such overlap 1s not apparegnt 1?1pthil ::?ge\?l‘l:}lxag:

other respects 1s not very dissimilar to the lamb  The cimel’s Iung; present a

pieture that s i general similar to the equine, but there 15 some overlap b

thei nght '1p11caltg)obe The hippopotimus’ resembles the horse ’
n general, then, on macroscopic appearances and witho

embryology, one c1n divide all rzghl: lungspmto four lobes g??ql?fv&ii? ?sgsesetso

the fourth lobe being the lobus intermedius, and one can divide all left lung;

I/ACC
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xepy A iy
ROR % s A
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F1¢ 131 —Pig foetus ¢ 9o/112-119 days
View of dorsal half of thoracic viscera
divided by a side to side cut in the Jong axis
of the posterior caval channel c
Rz R. R3 R4 nght apical cardiac
diaphragmatic and intermediate lobes L 1
L . L 3 left apscal cardrac and diaphrag
matc lobes A4 C anterior caval chan
nel CD cnsta dividens AP free or
apposable porteon (divided by the cut) of the
via stmistra Jeft atnum 1 aorta
P Tr pulmonan trunk O¢ oesophagus

T1¢ 132 —Outhne drawng from hg 131 with
approvimate courses of mam pulmonary veins
indicated by 1nterrupted lines  Right group
formed by rand . the veins drammmg the nght
apical and cardaac lobes respectinely  thesevessels
open into the left atrium in mtimate relation to
the free orapposable portion of the via sumstra
Caudal group formed by 3 4 and 5 the vewns
dramning the right dinphragmatic and intermediate
and the left daphragmatic lobes respectnvely
Left group formed by 6 and 7 the vemns dratning
the left cardiac and apical lobes respectivels
Scale i em

Scale in em

wto three lobes or equivalent masses  In the equine and simlar types, the
masses have to be determined mainly by the vascular arrangements

"The pulmonary venous drainage follows very closely the Tobation , 1t 1s only
very rarely, and cven then only siightly, that any vemn has encroched on what
might be regarded as the terrttory of 1ts neighbour

The pulmonary vein entries mnto the left attium are arranged 1n three groups
{right, caudnl, and left), as in the lamb  The nght group 1s formed by the
openings of the vemns drumng the nght apical and cirdiac lobes the caudal
group by the openings of the vems druning the nght and left dinphragmatic
Tobes and the lobus tntermedius, and the left group by the openings of the veins
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draping the left cardiac and
apical lobes (see, €8 figs 13 ‘&
132) The nght group an

the vt smustra are intimately
assocated, as w the Jamb, and
2 vanable amount of the pars
libera of the wa s mterposed
bets ecn the left division of the
posteriar caval blood stream and
the stream which flows 1n from
the nght apical and cardiac Jobes
(6g 133) The surround of the
common opening 18 strong and
the pars libera viac simstrae
tenuous so caetenss panbus, 1n
creased pulmonary mflow must
be at the expense of the caval
1oflow, and vice versa  This 1s
\ery appropriate, for the caval
inflow  during intra-utenne life,
performs 2 function that 1s
fulfilled post natally, by the
pulmonary vems 1e 1t bungs
re oxygenated blood to the left
atriam for distrbution by the
2orta That the other pulmonary
streams ard 1 the functional
closute of the via sinistra seems
likelv but 1t 15 normally only
the nght group of entries that
has the specul refation to the
sia In the Atncan elephant
foetus (fig 126) the refanon

183

Fic
TRught lateral view of thoracic viscers dinided jongitudinalt

$33—Haorse foetus 141 over 335-345 davs
and somewhat obh%uch i the Jong axis of the postetior
caval channel PC T show that the darsal part of the
free portion A P of the \1a steustra alone separates that
channel from the pulmonary seins P} anmset dravung
the more cranal pant of the neht lung  BREL body of
mghtlung  J L wieseduate lobe of neht lung

ACC
antenor caval chane) A auncle of nghr atnum
RV L1 n bt and left ventrcles brachio
cephahicartery  T¥ trachea

R Br nghthronchus A

azygosvem RPA nghtpulmonany avter; P31 pul
monary vems Tk thvmus  The mset 13 an enlarged
outlne of the part contaned within the interrupted Yines
The v1a sinsstra s closed  Seale 1n em

still holds despite the fact that the whole of the pulmonary venous blood
wnters a spe
the t

cral sinus and must flow past the pars ibera viae sinistrae

potarnus foetus the

pr
mat. lob:

of the vemn draining the nght draphrag-
e wnaddition to the openmu 1 i o an

In

s of those dramning the righ
apeal lobes 15 1n the special relatmrf: t T B e and

foetus 18 ssmidar but a fnal report 1 not vet avatlal

0 the via 1; 1s possible that the whale
ble

() THE ANTERIOR CAVAL CHANNEL AND 1TS RELAT
10N TO
THE VIA DEVIRA THE CRISTA INTERVENIENS

Bilatcral anterror venae cavae petsist re;

1n others (see Amoroso, Barcl

clay, Tranklin
oetuses have two antersor ¢ # i aorghned,
stance m the specimens of Lovodonta african

and exceptionall
1943} so some

gularly 10 some species of mammals
0,

aval channels, this 1s so, for me
2 and Preropus giganteus personalls



F1c 134 —Goat foetus 136/147 days
Qutline drawmng from two successn e frames
of direct cmeradiographic record to show
functional vanation in shape of C T the
crista mterveniens (tubercle of Lower)
The continuous ine indicates the appearance
mn the first frame the interrupted Iine that
mn the second frame one third of a second
later ACC PCC anteror and poster
tor caval channels D diaphragm Scale
= c¢m on radiographic record

THE FOETAL CIRCULATION

examined When there are two channels,
the crista interveniens 1s the meeting pomt
of the right one and the via dextra, and the
left one has a termrmnal course corresponding
with that of the main azygos vemn and the
coronary sinus mn the lamb

It would be foreign to the purpose of
this Chapter to grve detailed accounts of
the right anterior caval channel in all the
mammalian foetuses studied, but as a rule
1t begins by passing nearly due caudally,
then inchnes to a greater or Jess extent
to the night, and finally bends more or
less sternally, though stll with some mn-
clination to the right, 1n the last part of its
course In the Ining anmmal, 1t exhibits
constderable varations 1n calibre during
the different phases of the cardac cycle

The via dextra, hke the last part of the
antertor caval channel, bends sternally to
a different degree in different species,
and the movements of the heart chambers
cause physiological accentuations or re-
ductions in the degree of the two bend
mgs  Hence there are functional (fig
134) as well as speafic (ct figs 134

135, 136) differences in the angle subtended by the crista nterveniens,

which may also vary in (amongst others) the following respects

(1) The inchnation of 1ts edge, viened from the
sternal and lateral aspects

(2) The character of 1ts edge (sharp or obtuse,
straight, or concave towards the sternum)

(3) Its provision of muscle fibres

(4) Its relation to the crista dividens

Personal findings are not yet extensnve enough
for one to make any useful generalizations 1bout
the crista interveniens, but it 1s obvious that the
structure 1s of importance to the foetal circulatory
story and the part which 1t plays in any particular
species should be assessed as the course of the
blood flow 1s determuned in that species  So far
as the anatomical appearances go, the crista 1s
most marked 1n the horse (fig 136} among the
foetuses personally examined According to Tandler
(1913), 1t 15 even more pronounced n the seal
than m the horse, at least m so far as the adult

1s concerned

S\
vl
JAC
2
2
Je
J
i
2
2
3
]
)
[ S BN

Fie 135 —kitten under 48
hours post partum Quthne
drawing from direct cinerzdio
graphic record to show angle of
cnista anterventens  Lettenng
and scale as m fig 134
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AV
THE AZYGOS VENOUS SISTE
© AND THE COROVARY SINUS

At a2 time when 1deas about the azygos
venous system are undergomng reufsw]n
but the new tdeas have not been fully
published, 1t would be rash to attempt
any detailed account of personal findings,
and all that one need do 1s to stress the
mportance of including the azygos venous
drainage 1 the foetal circulatory story of
any particular spectes that one mav be
studying The omission of any reference
to t%xe system 1 most earler schemata
of the foetal circulation 15 surpnising for
the total azygos venous return must be
an apprectable one In the Jamb and 1n
the kid, as 1n many similar amimals, the
greater part of the azygos dramage enters
the heart v1a the coronary sinus and the
smaller part flows i with the antenor caval
stream  In such ammals and also 1n
those with bilateral anterior venae cavae,
the Thebestan 1alve 1s wanting

(\) THE APE\ OF THE HEART
In the vast majority of the foetuses
personally examined the apex of the
heart has been 1 or very close to, the
sterno dorsal mid line of the body The

mole
the subject includes Daubenton (n B

(1831 206-7) and Tanya (1891) Re
(Home 1823) the apex may be bifid

m the present series

walls of the same thickness
make the comparison n Par materra ?
after birth than to be sure ab
(wn) THE PULMONARY

(1) The pulmonary trunk ]

, that 1n the foetus the two

It 15 easer to
0ut mtra uterine Ppanty
TRUNK AND THE bucTUs

ean Meny, at th
and the beginning of the eighteenth, nightly sfr::s‘i((l’ t;}tx};ef:e‘

—
Fic 136 —Horse foetus 141 davs

iew
of nght half of thoracic viscera dinided bv a

sterno-dorsal cut 1n the long atis of the

posterior caval channel PC C.
angle of cnsta intersemens C 7
enteror enval channel A s vem
R 3 nght atnum R1 right ventcle
CS coronary sinus opening P pencard

Projection of most cranmal part of
enista dnidens which v 33 1n the other half
OF the specmen  RL body of nght lung,
Secale n cm

To_show
ACC

provided by the gorilla, the Indian frunt-

(Talpa europaea), the Iiterature on
uffon and Daubenton 1766), Meckel
gularly 1n some speces,
» 1t 18 50 1n the African
(fig 137) and to a less extent in the specimen of Colobus ocerdes

e g the dugong
elephant foetus
ntals (fig 138),
personally examined, “the

This (apart from other
“1s¢ of the statement that
ventricles have
cut 1f one 15 to
note dispanty some time

hould one

ARTLRIOSUS

enteenth centy,
ct that m the dead
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Fia 138 —Colobus occrdentahs foetus
Sternal v1en of thoracse
siscera to show bifid apes of heart
RV L1 nght and left ventncles

Fic 137 —Afnican elephant foetus (see iz 03)
Sternal view of thoracic viscera to show bifid apes of age unhnown
rr

heart RA LA nght and left atna R 17

nght and left ventrcles PT  pulmonary trunk
< aorta RACC LACC nghtand lefranterior A aorta ICC inferior caval chaonel
caral chanttels RL L L rghrand left lungs T O oesophagus  Tr trachea Tk
trachea O oesophagus Scale sn em thymus Scale m ¢m

foetus the pulmonary trunk exceeds in calibre the first part of the aorta
Radiographically, this preponderince has been fully demonstrated not only
the Ining foetal lamb, but 4lso in the hving foetal hid  The sigmficance,
however, of the finding 1s not yet fully apparent

(2) The ductus artertosus —The present writers hwe always felt that this
structure was a special interest, on the functional side, of Barcroft and his
Cambridge colleagues and, on the anatomical side, of Boyd It appears,
however, that Boyd 1s concerned mainly with certan types of receptor end-
organs and that his interest in the ductus 1s primanly due to the presence
within it of such end-organs (personal communication, 1943)  In consequence
of the earher misunderstanding, personal notes tbout the ductus in various
foetuses have been less complete than they would otherwise have been, but a
re-exmination of a2 number of specimens has been of use 1n estimating the value
of various statements found in the hterature

The things one needs to know 1bout the chanael 1re 1ts relative calibre, its
structure and nerve-supply, wnd details of its union with the aort:  The
relative calibre 1n the mmmals examined 1s much as already described for the
lamb (Chapter III), 1 ¢ the ductus 1s somewhat narrower than the pulmonary
trunk before this latter has given off the pulmonary arteries, nd more or less
the snme width as the aorta after the latter has gren off the vessels to the head
and anterior extremuttes , Kennedy and Clark (1941) gave detuls about the
gumer-pig  With shght differences i detul, the structurc of the hmb's
ductus reappears 1n thit of the dog, cat, ind rabbit (Boyd, 1941, 465), and 1lso
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4 that of the gunea pry (Keonedy and Clark 1941}, bnc(i (hz; dcvix‘c'ttuso:z sa
+ery muscular yessel and ss 1n sharp cottrist o the clastic vessels wiuch it
Fhath zegard to the muenauan, Boyd {1941} gue the folfosing st‘u;\:w‘rg“
“The mammalan ductis 2rIefIOsUS pOSSEsses @ SENSory ’I&nncnn 1 3
smular to that possessed by the aorta and the caratid smnus his t}xlcr; c; supph
s deryed from the Jeft +agus nene and, when 1t 18 present, from the Yeft aortic
pene  Line nene fibres, presumably motor, are also found termnahing m
relshon to the muscular coat of the duetus but the av alable mmenat does ot
permt of a statement 2s to ther ongan'The distal portion of the pulmonan
trunh and the provimal porhons of the pulmonars arteries alsa Possess 2 sparse
ferent inenation”  Beancdy and Clath (1941) admutted the presence of
afferent and eferent nerve-fibres and nerve-endings 1n the wall of the guinea
g s ductus, but cansidered that thew presence was inctdental to the focation of
the channe) {1 ¢ that they were & spread-osy from the neighbouring aotts, ete ),
and that the evdence was msufficeent for an mterpretation of ther function
"The union of the ducins and aorta 18 2 Jateral 2nastomosts at a fmtly acute
angle 1t results 1n a mdge somewhat hhe the cnsta dovidens m reserse and
conld appropriately be styled erista reumens  Sunce the ime when this ndge
was noticed by Zuntz {see Strasamann, 1804) m the lamb 1t has senved as the
anatorical basis for one of the hypotheses of the functional post natal closure
of the ductus arteniosus  Strassmann e Zuntz’s findings 1 the Jamb, and
himself reported suntlar ones 1w Aan, the dog and the cat  He posufared,
on the strength of rather erude expenments, that after bueth the pressure w the
aorta nises above that 1n the ductus and causes the apposition of the flap like
strycture over the opening of the ductus  Graper (1921, 316-17) produced a
very scatlung entieism of Strassmann s work and of lus hvpothesss, and noted
further (imd 339) that the * spur * 1n the calf 1s scveral mlbmetres thick and
15 scarcely sharp edged  In 1935 however, Woodbury Hamiton wnd Woods
reported the exwstence of o 7 fanctional sabve ™ 1n the foctal rabbst, and later
{Hormlton Waadbury and Woods, 1037 they wrote that the ductus entr 15
vabve lhe in btk the dog and the rabtie’  In the former, they sud, there 1s 2

single flap and 1n the latter 3 double £
S\!fm&a “;:P dm ! ’Pa er 3 double flap (see thewr figs 9 and 30), sn both

revents the passage of a saline perfusion from 1
;:t: ?;e d:)m}xs \):i“ not f‘“()lm zhe]ductus nto the aort:xp Harm:mr:md f?griﬁ::x
1930) founad no “flap vahe hke structure’ n the pumea 3
Igg:ﬁ:“i?\g g‘aﬁ;&xqu?‘ cngsxdgred that the small fold D&; pwlcilt?;wga;’(?)
gee their
m‘%‘doguw Lol see g 8) cannot be an important factor tn the post-
¢ present writers, as noted 1n an earlier Cha
pter made a rct
:;;;_:: 13:: t:e Cftelmoml angn of a monbund, but still lmng, foemﬁarn?gr:gé ;njcc‘
ha é gi “ ::'ggzeanas readils mio the ductus as 1t thd mto the arch o(}u;]}:c
the artn T 'y $1g7 of 2 nartow ing at the entry tato the ductys from
new born anmals (see figs 139-
3
ook 2o et b e OB T e b i
to the nidge than 1t was at Vof the o roer a fide du
el stance proxum;
e level of the nidgeatself  The same \\asl:ruc maz];
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newborn St Bernard puppy  In 1 horse foetus (age not ki

size), there was a noticeable narrowing of the ducg‘.u% pro\umr::?‘tvé1 2 brlxj(tig(;f\\%}:

Ssomewh'it rounded edge (fig 140) In a stilborn tapir foetus (? age) the
uctus was patent (fig 141) A foetal calf, aged 8 months (fig 139), showed

a more rounded edge of the ridge, and somewhat less proxtmal constriction

e
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Fic 143a '@,‘;} \!Q/ Fic 1436

FIGs 139-143 —Viens of aorta and ductus arteriosus from provimal (left series) and distal (rght series)
sides of theirunton  In left series of views the aorta s on the left n nght series it 1s on the richt  deale

mcem
Ftc 139 —Bovine foetus 8 months
F1c 140 —Horse foetus age unknown
F16 141 ~Malay tapir foetus stillborn (see fig g2)
F1c 142 —Sheep foetus ¢ 120/147 days delivered by Cacsarean section Ductus arteriosus patent
FIc 143 —Sheep foetus 139/147 days delisered by Cacsarcan section  Ductus arteriosus functionally

closed

of the ductus, than did the foetal horse I'inally, 1n one foctal Inmb (¢ 120
days) the ductus was patent (fig 142) and 1n the other (139 days) 1t was
completely closed proximal to the nidge (fig 143) A prcture of the nidge mn
a goat foetus (136 days) has already been given (g 124a)

If one summarizes the above personal findings, one may s1y that, where 1
constriction of the ductus exsts, 1t tends to be some distance proumal to the
ridge, at the level of the ridge itself the ductus 1s wide and tn general there 15
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no suggestion that the nndge could be apposed, or 1s ap}nosed, to effect functional
closure of the channel In the dog the conditions of union of the ductus and
aorta were different from those found 1n the other antmals 1n that the two vessels
ran alongside one another for an appreciable distance nstead of comverging on
one another at a more or less acute angle  In this species therefore one could
imagine a nise of pressure 1 the aorta occluding somewhat the neighbouring
channel but it would appear that constriction ot the ductus, proximal to the
ndge 15 the more probable mechanism, 1 ¢ that the dog 1s lihe the other animals
examined It 15 regretted that no rabbit foctuses were available, 1n view of
Hamilton Woodbury and Woods findings 1n respect of this species  To
conclude this account, one may add that the edge of the crista reuntens, 1f one
may use that term, tends to be crescentic 1n a lateral view, with the concavity
of the crescent directed distally



CHAPTER VIII
Comparatrve Physiology

In this Chapter 1s collected information ab

out the course of the foetal blood
{1}:)\\, about bu"_th and the rupture or division of the umbilical cord,O;nz:i ab(:)(l)lt
Oe' post-natal functional closures of certamn blood channels, 1n species other than
g %& alrte.; To include other aspects of the comparative physiology would be
allreactlilyt“ l(_)lx;t ex'sa(seons I;)f spz};:e, an6d redémdant mn view of what others have

g Barcroft, 1936, 1938, a, Windle,

be 1n process of preparing for p?lehca%?on @ Hindle, 1940, bj orare kot ©

(1) THC COURSE OF THEL FOLTAL BLOOD FLOW

Certun earher work (Pohlman, 1
, 1907, 1909 , Kellogg, 1928, 1930) upon the
gourse of the flow will get little more than this pfssmg9 refex?e%m)e, I1)°m' the
\periments 1n question are generally held to have been superseded by later
rescarches and they have already been mentoned mn Chapter I On the
other hand, as Windle and Becker (1940) pomted out, some of Kellogg’s
findings can be regarded as supporting the contention which he claimed to
disprove, those nterested should read Kellogg’s account in the hight of the
more recent discoveries detatled below and 1n Chapter IV above
What remams, 1f one omits Pohlmn and Kellogg’s contributions, 1s con-
tuned (1) i a paper by Windle and Becher (1940) and (2) n hitherto un
published records obtamed by Barclay, Barcroft, Tranklin and Prichard
(1) Windle and Becher described experiments which they had carried out
upon foeta] kittens and guinea-pigs, delivered with their placental circulations
still intact 1nd with pulmonary respiration prevented The gumnea-pigs
vared 1n age from 40 days to full term, the lattens from 54 to 60 days, the
gestation tiume being about the same (67 days) for both species
In one group of experiments the colour of the blood 1n the exposed carotid
artertes and jugular vewns was compared with that of the blood n the umbaliel
vessels  In a few foetuses of this group the thorax was rapidly opened 1nd the
heart examuned for colour differences between 1ts two sides  In a second group
of experiments, m which fourteen foetuses of each spectes were used, the heart
and lungs were displayed rapidly and wathout haemorrhage, and the passage
1nto them of Indian mh, myected into an umbilical vena comes, was obsersed
directly, the distribution of the inh was usually cheched by post mortem
exammation and histological section In a third group of expermments, m
which eight gumea-pig and three cat foetuses were used, the procedure was
similar, except that the mjections were made sto an esternal jugular vem
The results were as follows When the blood 1n the umbilical 1rteries was
dark and that n the vem bright red, the caroud artertes were nearly 1s red as
the umbilical vern , 1 other words, there could not have been 1ny considerable
muang of the umbilical venous blood before its distnbution to the head
190



COMPARATIVE PHY SIOLOGY 191

roft
he heart, noted earhier by Barc
Colour differences between the two sll?etsi 0:; ‘\dele and Becker's cxperments,
(1936) i the gumnea pig, Were pnm}ie e( \\135 only 1n the youngest foetuses that
in so far as the atria wete COMCI ﬂ(‘ transparent for abservation, and then
the ventricular \\)alls 'I\‘\her? ?:ng::ig\ z\ns s gnghtl) coloured as the umbihical
only at the apices; e le! weular veins
sem, shile the nght atrun o8 (ljacglf N 21:1h}e)1]ss%‘é first to the left atrium and
Indran ik njected into the u}r:\ ) Lm e cln, and bram 1 sufficrent
left ventricle and thereafter to the ao darkuned the lungs about 13
was mjected, the return flow froCx the Fanp“‘:‘am ;l:gtll:r vein passed through
ected 1y S
to17 , seconds later Indan 1ph 1oy before therewas any darkening of the
he right side of the heart and the lungs befol Jess
;eft ‘sl,%e of the heart ang the degree of darkening on this side w1s always
than that on the nght side ribeat In
oo el s et e Rl
th ea pigs and one hitten, 1
mlr\efnfeuc‘t‘;d 1?11% erther vena cava entered both atra slowly and at almost the
same mstant
The authors concluded that ldur]l{]g ;hteh lns‘;‘t}:édc(;t; egrex:;“&r:: "l:e?ri Ct;‘\! ﬂ:}‘:z
guinea pig foetus, all or nearly all of the blo
posterior caval channel goes to the left attium :t‘_m}ll le}(;t :i cntn(c)le f?xi: z(l):s}::;h;\:;ﬁ;\
1o the heart muscle bramn and anterior parts of the body n her hand,
all or nearly all of the blood entening the heart by the anterior caval channe
passes through the night atrium and nght yventricle for distribution to the lungs
and the posterior parts of the body, including the placerta The findings m
ammals with poorly beating hearts suggest an evplanation of Pohlmins
results and of the majonty of hellogg s results, actually, 1n one htter of
pupptes as Windle and Becher pownted out hellogg s (1928) findings were
more Ihe those 1n the healthy hittens and guinea-pigs
Following the publication of Windle and Beckers findings Whitchead
¥i942) produced * a worhing model of the crossing caval blood streams sn the
etal nght atrrum the subject of the model was a mature Litten foetus
‘While 1t 15 of mterest to see such outcome of more recent work upon the foctal
circulatton one must pomt out that the caval streams are incorrectly described
as crossing 1o the night atrum if one accepts the concept of the posterior caxal
channel bifurcating within the heart nto a \1a siwstra and & via destra
(2) In 1943 Barclay Barcroft, Franklin and Prichard recorded the course of
the blood flow 1n the mtact goat (Capra lurcus) foetus by means of direct cire-
radiography  combined with ntravenous inyecuions of radio opaque medium
(35 per cent perabrodil) The esperiments were tarned out at the Nuffield
Institute and their matn object was to show what effect, 1f any, section of both
‘agtwould have upon the functional closure of the ductus arteriosus !

1 vies of the small number of foetuses studied one 1s scarcely Justified 1n
E1INg any extensy e account of the results, but a short note 15 not out of plac
Tuo goats were delnvered by Caesarean section under a co e
and local anaesthesta  The first goat had t

of permussiol

mbination of spinal
o = 6 davs and weighing
n to publish b
ndebted to Sir Joseph Bacerotten B b Spc 0"

n)\}ael\o!\\ Cn Yaccount of ths yount work we are

wo hids, aged 13
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:—:::]pictr:velysfo& and 2003 g, the second goat had one hid, aged 139 days and
abo%tlxifd;;sg The gestation time 1s the same as that for the sheep, 1¢

T;;hf vessels used for wjectron were the jugulir and femoral vems and an
Fm tlical vena comes, the jugular and femoral vessels were exposed under
ocal anaesthesia for the insertion of cannulae  The course of the blood flow
was very sinmular to that 1n the foetal lamb, 1 e all the anterior caval blood went
to the night side of the heart and was distributed to the pulmonary artertes and
v11 the ductus arteriosus, to the descending aorta, while the postertor caval
flow went mainly to the left side of the heart If anything, the ductus venosus
appeared to tahe more of the umbilical venous flow than 1t usually docs 1n the
lnmb and more of the posterior caval flow went to the left heart But one
cnot dogmatize about such differences on the basts of so small 1 series of
observations, ind the more important feature, n any case, 1s the fundamental
similarity 1 the course of the blood flow 1n the two genera

The results so far obtamned, in Oxford and Chicago respectively, can be
regarded as a sausfactory beginning, but 1t 15 to be hoped that further studies
will soon be made n respect of other genera and other orders of mammals
For wide generalizations about the foetal blood flow cannot be made untl the
range of antmals investigated has been very considerably extended

(u) BIRTH AND THL RUPTURL OR DIVISION OF THE UMBILICAL
CORD

In this section less attention 1s directed towards the general features of birth
than towards the severance of the umbilical cord, for this latter 15 of major
smportance 1n the change-over from the foetal to the post-natal circulation
The severance occurs 1n one of two ways, nimely, by rupture or by diviston
The former 1s what happens 1n spectes such as the horse and the ox, i which
the cord 1s unable to support the weight of the foetus , 1t also occurs 1n some
other spectes when the efforts of the newborn ammal itself cause the severance
Davision of the cord, on the other hand, 1s effected 1n many species by the efforts
of the mother In erther rupture or division, the smooth musculature of the
umbilical vessels 1s mechanically stimulated to a sufficient degree to effect their
closure, and very little blood, or else none at 1ll, escapes from ther severed
ends This s a very remarhable thing, and 1t should excite the interest of all
those who are capable of apprecating an effictently working mechamsm

About the behaviour of wild animls 1n respect of the umbilica] cord there 1s,
apparently, no hiterature  But a few notes about the behaviour of such animals
1n captwity have been furnished through the hindness of Dr G D Vevers,
of the Zoological Society of London, and these notes are mcluded 1n the

account which follows

Placentophagit 15 of general occurrence (Lenhent, 1929) In addimon,
anmmals which produce several young at 1 barth often eat stil(born foetuses and,
on occasion, they may even kill their lining newborn young and eat them
(Williams, 1940) " There 15 no obvious advantage of placentophagia unless, 1n
wild Iife, 1t helps to prevent amumals and burds of prey from scenting the new-



1
COMPARATIVE PH1SIOI OGY 93

r of chohing,
by In domestic animals the only disadvantage, namely, dange 1
s ¢ tdul
T DU O s ol ot he
After this gen ion
rous authors (St Cyr an
sy;;ﬁe —The period of gestation git cr{\ly){‘ ‘?ns 1940, Wnght, 1943) vanes
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‘l‘:ecen taken of ‘arous other smtc\r;::né: l(gi iy Y\emnzg. T30, Willams,
Bucura 1902 Havptmann 19% g %mr% Prof Tormston I
1940) and of information recke‘ute‘he foal has a diffuse placenta, not too firm j
{t should be remembered t! ;‘ 1y long and not over-strang umbilical cor
attached to the uterus, and a relatn o thgnt a parual separation of 1t during
The character of the placenta mfia“sl rapidly 1nto a complete separation,
delnery of the foetus 12 pmmhmf Se,foﬂ 1spsmf unable to breathe for snself
s consequent asphiywia of (e ko osstble for the foal to be born with the
he length of the cord v e “lp upture when the cord takes the
cord 1ntact  the relative fragility results i rup
weight of the foetus ated by " patchs
%he onset of the first stage of b o uszs\“c)rﬁxxrlld;:;d more cogtmut)xus
sweating, strong utermne contractions (;nore ‘}; « Toetal sacs mto and through
han 1n the con_according to Fletmng) force 1y fast from 1 to 4 hours and 1t
the relaxed cenvix and ddate st This smgehm )n et o e ane 1
termhmates % lthﬂmsl x('upzlure olfntr};:):}lrlgg: (:hi \O ;}?al The membrane therenfter
of the allantorc fluid {under 2
S T T L e R
The second stage begins su
at the vulva or \\?\h the onset of stramng, c\l- w gh b(lath dm(g];ethlgkrl . aTh; ::xéz
usually goesdown on to her side with hexl' l;n"$ C\den e  on casgsp arance
of the water bag  at the vulia 15 rapdly fol fmlwlc nm Iat cases, e
appearance within 1t of a digit  the second digit fo (;‘\)\s 125 , 5 ehind
the first  Thus arrangement means that only one ef }?“ at ; |m<):\ pa de?
pelvic outlet  the hie of the two digus persists untsl the hea ne& a'm or‘r;--
limbs have been delivered The amniotic sac 1s usuallﬁ Tupture: furm gl el
second stage of lxbour by the pressure o{ digts or by the weight of the o;m
bead and chest, or by the trunk when 1t flop> * out of the vagina  The foal
commences to breathe so soon as wsnostnlsare 1n contact with ar, respectiy e
of whether or not 1t 1s yet completely born  With the onset of respiration
actording to Williams the pulsation of the umbilical arteries diminishes and
S00n ceases altogether but 1t 1s not impossible that the cord 1s atself somewhat
compressed at this stage 1n some labours and that such compression helps to
iitiate respreation  The mare ceases to strain once the foetal hips have been
delivered and the hind himbs are not withdrawn from the vagia unhl the foal
cord 1 usually satact when the fogl
3 just been born  "The duration of the second stage of labour may be from
9 1070 munutes, but 1s usually 30 minutes

or less (Wright) , Fleming grves the
Fe—13
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time as 5 to 15 minutes, and Williams s 15 to 30 minute:
umbilical cord usually occurs as the resﬁ’lt o? post pariumTIfrllzsr:rIrJztc‘l;)l;e:ff :::
foetus, or of the mare rising or turning towards the foal or moving away from
it More rarely, i a standing birth, a relatively short cord may be ruptured
by the weight of the foal as 1t falls (Bayer, 1900) The tractxorzron thepcord
according to Hauptmann (1911), mechanically stimulates both the musculaturé
of the umbilical arteries and also the ring of smooth muscle surrounding the
vessels 1n the nech of cord just distal to the umbilicus (1€ just distal to what
Williams called the “ umbilical base” or “ cutineous navel ”—a hurless
cylindrical, firm segment 2 5 to 3 75 cm long) 'The contraction of the arteral
and the ring musculature causes a local diminution 1 calibre of the cord In
addition, the contracted ring musculiture grips the umbilical vessels very
firmly in preparation for their mmpending rupture  The effects of this are seen
externally as an indentation just next to the junction of the cord with the shin—
le muscle {lmg Jsdmosthdew eloped at this pomnt—and also as fine longttudinal
rrows 1n the cord eprthelium overlying the muscle  The site of rupture 1s at
or nenr to the distal edge of the ring (Fleming said 1t 1s usually § cm , sometimes
1s much as Iﬁ cm, from the umbilicus, Williams gave the distance as 3 75 to
5 cm from the same pomt, Wright said 5 to 7 5 cm below the foal’s belly)
Fugger (1578, quoted by Hauptmann) said that the amount of blood lost was a
few drops to half a spoonful, and generally 1t 1s not much, Tranch (quoted by
Bayer) put the upper limt at 250 c ¢, but such an amount 1s presumably not
common Roll told Hofmann that he had never seen haemorrhage from the
remarns of the foal’s cord  In generdl, the figure 1s lower the greater the tug
on the cord before rupture  If the tug 1s absent altogether, 1 ¢ 1f the cord has
to be divided by scissors 1n assisted birth, excessive haemorrhage can be
prevented only by tying the cord (Bucura)

The expulsion of the foal 1s an extreme effort for the mare and she usualh
rests for 12 to 30 munutes afterwards, occastonally she recovers more ripidhy
or more slowly than this

The third stage of labour 1s usually short, but may be prolonged ~ Willams
gve the duration as 15 to 30 minutes  In one of Wright's cases the placents
separated during the birth of the foetus and part of the allantors-chorion was
expelled round the foal In another case, however, the time was between 14
and 21 hours Normally, according to Wright, the membranes are mverted
by the descending uterine contractions

The mare may eat the afterbirth, 1f 1t 1s not remove
shows less tendency than other ammals to do this (Stoss,
Williams)

Varations from the above picture of foaling can be found 1n the hterature,
but they are of little consequence to the present story

Like the young of other mammals which as a rule bear but one faetus per
pregnancy, the foal 1s born very mature and withmn an hour from birth 1s
on 1ts feet and walking or running about (Williams)

Cow —Williams (1940), whose physiological standards were dernved from
findings 1 beef cattle rather than in dury cattle, gave the durition of gestation

as 285 -+ 5 days

d from her reach, but she
1928, quoted by
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The account of calung which follows 15 based upon the hterature (Bayer,
1900 de Brum, 1901 Henneberg, 1902 Hauptmann, 1911, Me‘]evaW‘-%v
a, Fleming 1930, Withams 1940), upon the expenience of J Yule I(;guc
(over z00 cases of difficult barth), and upon information. guen by Prof
Formston

It should be remembered that the calf has 2 cotyledonary placenta, furly
firmly attached to the uterus and a relatively short and not over-strong um-
brlical cord ‘The character of the placenta means that a partial separation of
1t during delivery of the foetus 15 unhhely to develop rapudly nto a complete
separation, with consequent asphviia of the calf ‘The shortness and com-
parate fragihity of the cord mean that 1t 1s usually ruptured by tension before
the calf 15 completely born 1e that respiration begins earle and that the last
part of the second stage of labour must be rapud 1f the calf 1s not to undergo
dyspnoea and possibly asphywia  Further, st 1s obyious that the amuotic $1¢
must be artficrally ruptured by a certmn time af 1t has not already burst
naturally  Otherwise, the first mnsprrations of the calf will draw ammouc
flid 1nstead of ar nto sts respiratory tract

Different authorities have different views about the position more commonly
adopted by the cow during labour , Formston’s opuuon 1s that the standing and
recumbent positions are about equally popular ~ The length of the first stage
18 not given with any degree of precision, during it the cow 1 agitated and
bellows, but the pains are not so powerful or continuous 1s 1 the mare
(Fleming)

In the second stage the first foetal parts to present are usually the fore fect
followed by the muzzle lying above the metacarpus (Fleming) By the time
the head 15'm the vagina_one can feel the foetus attempting to gasp, though the
mspiratory phase ends abruptly as if something prevented com fe!lon %f th
act  The onset of pulmonary respiration 1s not at this stage dug to cool (}
a cutaneous surface, for the surfaces are still warm and n additio Cdo mhg y
of the head with cold water will not evoke respiration Th i g

breathing 1s compression or rupture of the cord, 1¢ arrest © Sause of the
{)‘lacgntal ;‘:wm&amn Once the shoulders are born howey ;r stusca}‘l‘x?lz Qg :}l‘:c

ead wath cold water will evohe a reflex respirat T o oe
which 15 given by Bogue does not qust Fespond he above account,
Brumn 1m so far a3 the type of espir quite correspond with that given by de
be due to the fact that Bogue’ puration 1s concerned ! The difference ma
frst respiratory movemen%u:: sac:;i;i“‘?:p gg(sl!(?:waccgi Bruu'\j sad that th)e
account of the presence of ammiotic flud 1 the r%}y)lrm panicd by rales on

ents later, shmy masses epitor,
are expectorated and ‘th onts
increase envable 1l
perease :; ;:t‘eegu: decrefase m depth It s concenabl% th:{} B:Jn overfpents
Tomsdens lo desa)tl’aedohrespuanon te gasping, while de an% o —
e s, desc :Sea the apneustic type passing over 1nto the néum e
human births (see Chaptt?ra %})el l’?‘lFamm& § cpenence duning pa ‘a‘;‘;’:;‘“?
ohort dioemmns (5 e rupture of the cord oce o
on e om the umbilicus and 15 followed as the anato‘;xl;fc‘z:l“f};": ires

viously too the position the f o

it o oo ™ the foetus has reached by the time th
€ cord ruptures 1s sub,
ject to
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ruminants would suggest (see Chapter VII), by the rapid contraction of the
umbilical arteries and by therr retraction through the umbilical ring nto the
abdomen  There 15 either negligible haemorrhage or else none at all 'The
umbilical vein tears at the umbilicus, and 1ts torn end 1s comcal and full of
blood, the intra-abdominal portion often contams a clot {Kehrer, quoted by
de Bruin, 77)  Alternatively, the tear may occur shghtly more peripherally
and affect the venae comites, 1n this case the structure hanging from the
umbilicus after birth consists of part of the sheath of the cord and the remams
of the venae comites (de Bruin, 23) The duration of parturition 1s usually
1 to 2 hours, but 1t may be only 15 minutes or 1t may be extended, without
mjury to the calf, for 1'to 2 days, according to Fleming One of Willims’
rules ér'!rely obeyed by dairy cows) for phystological birth was that the foetus
should be expelled, without human a1d, within one hour from the commence-
ment of labour  Formston says that the second stage lasts from 30 minutes to
3 hours if the cow has calved before, but that a heifer takes 6 to 7 hours

The cow licks the umbilical stump and shin of the newborn calf, turning 1t
over with her horns to complete the process (de Brumn, Meyer) the liching
helps to stimulate respiration (de Bruin)

The third stage, rccording to another of Willims® rules, should not last more
than an hour  In beef cattle us impression was that 1t usually took 30 mimutes
or less for completion  In dairy cows 1t 1s occastonally over within 30 minutes,
but usunlly lasts 1 to 3 hours, and may last 15 or 16 days, TI'leming’s figures
are more or less the same  On occiston, owing to the firm placental attach-
ments, there may be retention , the percentage 1n Bogue’s cases was about five

Placentophagia 1s frequent, but not mvarable, 1f no measures are tahen to
prevent it It may lead to choking

The calf 1s born very mature, and 1s normally on 1ts legs, and walking or
running about, within an hour from birth N

Pig —The pig has a diffuse placenta and a relatively very fong cord  In the
semi-wild state the sow builds a mound of coarse griss, weeds or brush as a
birth-bed, but 1n the domesticated state she accepts any substitute aml(hblc
(Willams, 1940) The description of farrowing varies considerably bl]n
different accounts, but all writers 1§ree t)hgt the c:mcil unde;goes considerable

echanical stimulation (traction or biting) during 1ts divisio
m'Ic‘}I:?: sow farrovs lyu'(zg on her side (Fleming) The first stage ofﬁl?lbou;,
according to Stoss (1928, quoted by Williams, 1940), tahes from 2 toh gt’l;r,
and the second stage (total for all the births) a similar time T lem‘xinglyl owesent,
said that not infrequently ten porkers are born 1n an hour, and the pr
writers know of a case in which thi=teen were born 1n 40 mmuteii te cord

According to Bayer (1900), the porker, and not the sow, divy est t ef ord
after birth He plants himself firmly on all fours and pulls a}ll , éltu s
procedure 15 not successful, he puts one hind-leg on 1t and stgetc ehs qlrlx A tl%e
until 1t ruptures  Henneberg (1902) said that erther the sow dxtes t ;}?e E;n he
cord as she eats the Ainehmbmraes, etc, or else the porker stands on

lls until the cord ruptures
brgarsnfigie?li—The placentae of the puppy nd hitten a‘;'e locaslt ::)r:]d zo%l%'
(Fleming) , the cords are, relatively, of medium length and very strong
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a
following account of pupping or whelping and of kmeml;\g, e\s (Ile\;\; ed }gl;cxnr:‘xc‘
. ml;l gf statements 1n the hterature (Hofmann 1877, Bayer, 19 ‘l'lemmg
g:rmg ?92» Bucura, 1902, Hauptmann 1911, Meyer, 1914, 2, y

1930 ceve thetr young
ngO)Xh the bitch and the Clalt)lpr?s;f 31: %er?ta;t;\;:to;oh‘;our The r)nother
o de}taa;l&alppsgr;r? }l:;a;ﬁ: \\::}1\ her head directed caudally, 1lel eu'%l}\] t'o}::tu(si
e o P h of the mother’s mout] e hea
as 1t 1ssues from the vuliass within reach of e O en e or ander the foetal
of the foetus usually presents, the fore imbs often lie bes e s
houlders are born, the mother often utters a cry

ﬁ‘ Esotxnpfztset&ismother bites through the membranes if they are still mta‘r):tl and
then consumes them and the placenta and the cord nearly up to the um\ I‘ icus
Tn the case of the puppy, 1 particular, the process 1s a severe one (;‘f eyer)
The bitch repeatedly rolls the newborn animal on to 1ts side 1n her }c’dons tol
hck bite and gnaw at the stump of the cord  The tension on the a imu';1
wall 18 severe repeated and prolonged far beyond the duration of a jer n
fact, the process usually appears so fraught with penl 1o the puppy that the
observer feels mchined to wmterfere  Obviously the mechantcal stimultton to
the vessels of the cord 1s very great and well calculated to cause them to
constrict and prevent haemorrhage  Hofmann, however, claimed that there
was no greater loss of blood when the cord was dnided by a kmife or parr of
sassors than when 1t was subjected to the more natural dnasion  Henneberg
thought that pethaps Hofmann was unaware of the effect of traction on the
cord and so (?) did not tahe care to avord 1t 1n his expeniments, 1t 1s also
concenvable that cutting a cord of such relative toughness causes sufficient
mechanucal simulation of the vessels

Rat, rabbst, gunea prig —According to Henneberg (1902), the rat foetus 1s
born with tts membranes mtact The mother holds the newborn animal

between her fore feet and consumes the membranes and placenta, and the
tensed umbilical cord up to the umbilicus

According to Meyer (1914, a),

the rabbit and guinea pig also eat the placenta and bite or gnaw off the cord
Zao amumals —Altost all the primate births occur at might when usually no
ones about  Dr Vevers was present at three chimpanzee births and i each
case the cord broke about one third of 1ts length aw ay from the infant  There
was no appreciable amount of haemorrhage ~ In a fourth birth the cord and
placenta were attached to the mnfant for three days before the mother allowed
the keeper to approach near enough to cut the cord  Dr Vevers has neter
seen a chimpanzee eat any of the placenta but they do imbibe a certain amount
of the juices present at the birth The heeper 1 charge of the baboans has
n?t\ed ba n}\:mb';i of cases in which the cord was attached for several hours
3;‘2{1 e;ndo e carnnores deal with the cord much as the domesticated

() THE FUNCTIONAL CLOSURES QF THE UM
IBILICAL VIS
. THE VIA SINISTRA AND THE DUCTUSA ARTERIOSS:S SELS,
he story which follows 1s confined to th
e post natal
mentioned m the title, because the lamb 35 thg only aa?nmﬁzll{]i;m\r::}llllccliozltll:i
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closures have so far been studied Comprison should be made with what 1s
1)\?0““ 1bout the lvmb (Chapter VI) and about the human subject (Chapter

1)

(1) The functional closures of the umbilical vessels —It 1s fitting to begin wath
these, for they are directly connected with the events described in the previous
section, nd re 1lso the most obvious and most important of 11l the closures
If the umbihienl vessels do not shut down rapidly after rupture or division of the
cord, the newborn 1nmmal will bleed to death, 2 patent vi1 sumstra or ductus
arteriosus, on the other hand, 1s not mcompatible with life (e g Beattie and
Morton, 1939, found both conditions present together 1 1 m1ture sheep)

When one looks through the literature, one finds very little 1bout the closure
of the umbilical vein and 1t may, therefore, be simplest to summanize here
what 1s known about 1t before passing on to the much more copious detatl about
the arterial closures  Structurally, the vemns in the cord are much more
muscular and contractile than the mtra-abdominal veins or vein  In the horse
and rummants (Meyer, 1914, a) the character of the cord matrix allows, i
addition to contraction, retractton towards the umbilical ring, 1 other
animals, the cord 1s normally divided so close up to the umbilicus that the
inbility of the veins to retract probably does not matter The greater con-
tractility and strength of the more pertpheral portions of the umbilical venous
channel ensure that the contamed blood will move 1n the direction of the heart
The occlusion of the extra-1bdominal portions, 1n personal experience, 1s as
effective as that of the corresponding portions of the arteries , 1ndeed, 1t 1s not
easv to distinguish contracted veins from contracted arteries in the cord, and
one usually has to follow them mto the abdomen i order to be certain  Once
the severed ends of the umbilical venae comites hwe contracted down, they
should be able, without difficulty, to withstand 1ny nse in venous pressure
that 1s likely to occur  In the horse, the torn end of the vem in the cord m1y
gape 1 little, but the vessel 1s completely mpervious where 1t 1s enclosed 1n the
special ring of smooth muscle at the cord-shin junction (Hauptmann, 1911)

The closure of the umbilical rteries 1s caused by contraction of the smooth
muscle in response to 1 stimulus or stimuli, 1n immature foetuses the response
1s in1dequate (Hofmann, 1877)  Eaner (1877, quoted by Bucurt and other‘s)
said that the longitudinal musculature of the umbihical artery 1s suﬁic:er}x‘t)
wide, 1n reltion to the radus of the vessel, to produce 11soconstriction \(; er}
1t contracts, the effect 1s aided by the presence, esternal to the Iongxtfu mnf
musculature, of 1 strong circular layer  In the foetal state the mner sur «c:j:lo
the vessel 1s smooth and even but, on their contraction, the longitudinal bunThes
merease n thichness and encroach upon the lumen until 1t disyppears X e
stimulus which evokes the contraction of the arterial musculature his not %eln
finally determined, 1t mzlxy be different in different aumals, 1nd 1t 1s possible

stimulus may act at a time
thastcmréet }83701[56'1nd many of )hxs successors believed that oncdof the tt;ctt(;:—:
concerned was 1 fall of pressure m the abdominal aorta comncr ’f‘r}]\t wi 1cur-
onset of respiration and the occluston of the ductus 'n'te?cs(}xs ; ese ;:)r‘;dm
rences were held to divert an appreciable extra amount of bboo d“tJ t t]}c ::npmmeng
lungs 1nd, 1 addition, the right ventricle no longer contnibuted to th
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thought, 1t was eastee for
s of s prse o o SO L e
the ymbilical o d thought that the results
s and (oW,
pressuss . newborn, Pupptes 10 il 1987 T enally, they did not
supported the view that the pres: % ced evidence
h thing and Cobnstesn 1nd Zuntz (1888) later praduced ey
?nr\o;:r?:; Sl\f!Zn\'\h?x%g the view that the pressurc nises shghtly after bith i the
Yamb  They abo showed {1884) that an appreciable amount oflhlo?d can be
transferred from the placenta and cord 10 the acwborm anima 1fb‘§1tl|:m X\:l
delyyed  Sozmy n\crea?e n :ihe volume of the pulmonary vascular bed shou!
han counterbrlance
be\x‘ryx‘(‘:lr‘zx;s (1940) wrote that, so soon as the newborn foal breathes, the
pulsation sn the umbihical artenes at once dimmushes and soon ceases , mnnmc
forces have made proyision agamst possible loss of blood before the impending
rupture of the cord has occurred  But there 15 evidence, in other ammals, that
she artenes of the cord are not affected by the onset of respiration  In ﬁupp\cs
Hofinann (1677) found that these vessels coutd not be seapened, ance they had
contracted by wterruption of respiration, though the intra abdonunal portions
of the same vessels relaxed duning the mterruption and contracted down agan
when 1t ceased  Bucura » {1902) experiment no 6 1s also nstructne  He
remortd 2 rebbit foetns from the uterus, opened the membranes without
disturbing the placental ewrculation, and then Jeft the ammal 1n the abdomen
of 1ts mother 1o prevent any effects of &t of temperature  Under these condi-
tions, there was no contraction of the umbihical artertes up to three hours from
the onset of sespiration  at that point the experiment was termmated  Nowa-
dass st1s well recognized among those who do foetal research that the placental
arcolation adequately safeguarded from mech inical stmuls and from changes
of temperature, can be presenved for a long time after breathing has com-
menced  On the other hand, compresston or ligation of the cord 1s rapidly
fallowed w anumal expenments by the onset of respiration
Contraction of the cord artertes follons mechameal and electriceat stimule

ar;:i coohing [[h 15 neie%ar{ to summanze the evidence and then to consider
what parts mechanical insults and cooling play 1 the clo:
what parts g play sure under natural

Ore may begm with mechamcal sumult  Hofmann (1
puppres delrvered by Caesarean section, that there, was no éaﬁ?ﬁ!ﬂgug‘}wm
the cut ends though pulsation continyed provimal 1 the cut [ h1§ sho v
;\};ﬁ (:i}:i;:fgonse l;slluc‘alxzed Segneberg ngoz) worhed on rat foetuses axz
€ umbulical arteries bled profusely after beng cut 1f
cord was asoided and cooling of it prevented  On the o b nd 1 tha ot
S;l\:\\ei “\‘Q\QJ\ the cord o of Henneberg himself atr;?ccée}:{a?td blcff:)};: tgio‘l‘l\cr
th oug n,lz en the mechanical strmulus produced so strong a contracts o
5 ue artertal musculature that 1t did not subsequenﬂ} relay 1n i
cura (1902} found that the cuttin Py s cord led ety bath
of haemorrhage, whereas the teanny, of 1t w by ot amouny

The effects of mechamecal stimuyl: are p;nrtu,ula[s follow ed by na loss of blood

fosl  Fugger (1558 arly mteresting, i th f
578, quoted by H © case of the
Pracutioners il pot oeld \\\zh ‘?guaf;flr:zgant;é 1911) noted that some s eterinary

cord 1n cases of haemorrhage,
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nstead, they were accustomed to tahe a few turns of the cord round one hand,
to plant the left foot or both feet upon the abdomen of the recumbent foal, and
with a strong, sharp tug to rupture the cord flush with the umbilicus This
apparently brutal procedure was effective arresting haemorrhage, and
actually simulated the tug that normally occurs during birth of the foal
Hauptmann himself found that there was excessive pulsatile haemorrhage
when the natural mechamcal stimulus was excluded and the artenes were
divided with a sharp kmife, 1f, however, the remamns of the cord were subse-
quently given 1 shrp jerk and rupture was thereby produced at the normal
site, the hnemorrhage ceased When, thereafter, he excised the insertion of
the cord with 1 hnife, the arteries proximal to 1t were found to be full of blood
and pulsating  So 1t scems beyond dispute that the functional occluston 1 the
foal occurs at the cord-shin junction as a result of a very considerable and
sudden mechanical stumulus ~ It has already been noted that the musculature
which 1s stimulated 1s not only that of the arteries and vemn themselves, but
also the strong ning of smooth muscle that surrounds them at this point
1 the foal

Lffects of temperature changes upon the cord vessels have been recorded
by a number of observers Hofmann (1877) sud that theoretically exposure
of the cord to cold air or water should result 1n vasoconstriction On the other
hand, he thought 1t questionable if warmth favours haemorrhage from the
divided vessels, for he had found that there was none, 1 puppies, when the
foetal ends of the cords were immersed 1n 1 warm bath Henneberg (1902)
thought that Hofmann must, unconsciously, have stumulated the arteries
mechanically to such an extent that they would not subsequently respond to 2
rise 1n the temperature of their surrounding medium  Henneberg himself
expertmented with newborn rats and found that there was coptous haemorrhage
from the divided cords 1f, immediately after birth, the animals were placed in a
warm bath with their heads above the surface  On the other hand, if the
arteries were alloned to contract down before the animals were put mto the
bath, they did not relax as a result of the warmth ~ Bucura (1902), 1n expert-
ments upon rabbit and dog foetuses, showed that the relatively shght haemor-
rhage from the divided cord was arrested when 1t was dipped mto cold water
and increased when 1t was dipped into warm water

The same worker also studied the effects of electrical sumulation  Weah
induced currents caused localized contraction of the divided rabbit’s cord ind
consequent arrest of the shight haemorrhage that had been occurring from 1t
They also arrested the much greater haemorrhage evohed by the immersion in
warm water of the divided puppy’s cord The effects are what one would
expect and their mamn interest lies mn the locahized nature of the response

The relative importance of cooling and of mechamcal stimult must be
assessed 1n relation to the natural processes of birth m the different ammals
The severed arterics of ruminants retract rapidly through the umbilical ning
and cooling 1s completely excluded from the picture of arterial closurc in these
ammals  In the horse 1t 1s possible that cooling may ard m cffecting contrac-
uon, but the mawn stmulus 15 undoubtedly the strong tug which leads to
rupture of the cord In respect of various other amtmals 1t should not be
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mechancal stmulation, des-
difficult for the reader to esm?at‘\e hc°t\“a f(fr ‘:‘m ded 1n any particular c1se by
eribed 1n the previous section of (s zlm(;sphenc air
exposure of the cord, after burth, t0 1 portions of the umbilical arterses have
The seactions of the lmm-abdom}?afn?ann (1877)found 1n puppics, that the
not been atall extensn ey studied h(;re the superior vesical arteries are gen
more provimal stretches (1 € up m[s“( 4. but that the more distl stretches com-
off) remamed full of blood and pu ]a el ends between 4 and 24 hoursafter birth,
mencedto close downat therr umbihica d day after birth  If the tbdomen was
and were completely closed oxlfthe ‘S)E;?lﬂ 1hes}e distal strtches rapidly beeame
opened 1mmediately or soon 3 ter‘ lte o comse quence, Hofmann thought, of
empty of blood and ceased to pu saI  resmrtation was mterrupted by pressare
their esposure to atmosphenic ar : Kf)f but 1t reappeared so soon as the
on the trachea, the contraction P“S(Sie 'l;‘he effect of openmg of the abdomen
hindrance to respiration was remove bilical artertes was to CaSE a progressive
UPO‘n the pr}ol'um:l str:tc‘}:{e: &5‘ :h;ulllsr; b (; :\Cup e death of the At “I“C
dechne 1n the intensity ese particular
need not presumably, regﬂrd] thn? :;geigchfc :ﬂ;:;:e;lzﬁmc‘lr‘cl:ﬂamlr)\ Pt
vessels 1t was more likely local S ecposure. The only other evperimental
c%nsequtent ugo{\hgtle(}?}’g’:‘;;"’g;ﬁ (en; 1) who found the ntra abdominal
ervation I
;oi\m:s of the foals artenles pxlxlsa\mgo ?x:}cllef:l})lrgf‘l:losgl(l just provimal to the
n
S“Ez())ff{:::cctt:;;?l] Sffxfr?ﬁ} tl;xicv.l;fzu;mmm and the ductus artertosus —Indirect
evidence about the closures of the via simistra and ductus arteriosus, togelc};t.;
with some evidence about the possible mechamism of the latter, nas provy cd
by Woodbury, Hamilton and Woods (1933),and by Hamlten Woodbury :mf
Woods (1937) Later more direct observations were made of the closure o
the ductus artenosus first by Barcroft, kennedy and Mason (1938), then by
ennedy and Clark (1941, 1942, see also Kennedy, 1942), and fimally by
Barclay, Barcroft, Frankhn and Prichard (1943, unpublished) Reference
should also be made to the review by Barron 1944), which appeared too late
for that author s views to be sncorporated 1n ths section
In their brief note of 1935 ‘Woodbury, Hamilton and Woods summanzed
the results of experiments 10 which they had taken simultaneous records of
right and left ventricular pressures n unoperated rabbit foetuses  Before the
onset of respiration and during the first expirations the pressures on the two
sides of the heart were nearly equal, but with each early expanston of the lungs
the night ventricular pressure was reduced by a half \whxﬁ) the left remarmed
relatively constant throughout the respiratory cycle
that the fall in the nght ventricular pr

, as shown b
both diastolic and systolic pressure values Th e Al kol
functionally closed a fev, hours after birth
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In their longer rccount of 1937, the same nuthors described their work upon
dog and rabbit foetuses, delivered through the abdommal wall The operation
caused detachment of the placentae 1n the cases of the rabbuts, but in the cases
of the dogs the placentae were often retained throughout the experiment  If,
1n view of the doubts the authors themselves espressed on pp 207 and zoq,
onc omts the effects of climping of the cord, the results may be summarized
7s follows  “ Intraventricular pressures were taken from the might nd left
ventricles of immature and mature dog and rabbit foetuses immediately upon
delivery, when the fetus first breathed, and during the first two days of
mndependent Ife” Right and left ventricular pressures were symilar before
the onset of respiration, and lower n the immature foetuses than m the mature
ones Inspiration lowered the right ventricular pressure more than the left,
and the pressure relationships were such that the authors postulated an early
functional closure of the via simstrn and ductus arteriosus 1 the speces
m estigated

The evidence for the functional closure of the ductus was, of course, the
greater insprratory drop in the right ventricular pressure, which could not have
occurred hnd the channel been pervious In the authors’ view, the direct effect
of mspiration w1s equal on both ventricles but the indirect one (lowering of
peripheral resistance 1n the pulmonary circuit) affected the nght ventricle only
Hence blood would have passed from the 1orta into the ductus had nothing
prevented such reflun. However, there was present 1n the dog a valve lthe
single flap, and 1n the rbbit 1 double flap, which allowed perfuston of saline
from the ductus into the aorta, but not in the opposite direction  So 1t was
constdered that functional closure of the channel resulted from the effect of the
blood movement upon this flip or flaps, though the authors freely admutted
that such 1 structure was not present 1n all species

The evidence for functional closure of the via smistra w1s somewhat more
complicated and my, therefore, be given verbatim  * In the two day old ribbit
illustrated i figure 12 the left quricular pressure his come well above the rlgh:i
We suggest that this 1s because the left heart 1s responding to its mcrew:d
work, according to Starling’s law, with increased dilatation The 1ncrense
dilatation 1s consequent upon increased filling pressure and this in turn serves
to close the fortmen It will probably remun closed until adherent Late‘li'
hypertrophy of the left ventricle will ehmmnate the necessity for dilatation t‘lnr
incrensed left flling pressure so that the adult relationship of similar awuricula
pressures 1n right and left heart will be attuned Intra entricular pgcssurcs
m the unoperated adult range rather widely am’und the followmg figures
rabbit, L 140/0—R 25/0, dog, L. 180/0—R 35/0 of

It should be emphasized that m awcordince with modern conceptions 0
cardinc physiology a ventricle wl hy pertrophy 1f 1t works harder Il-h;“?c s
1t will work harder only if 1t 1s filled fuller either by residual blood de t ror:;
previous increased contriction against 1 heny load or by mcrmseT hwm:l‘s
mnflon  An increased filling requires an mcreased filling pressure us 1 s
difficult to evplain cven the beginning of hypertrophy of the left heart :}s a::lo
pared to the rnight without postulating different filling pr?squrcs to ;L‘”
hearts, and consequently an early functional closure of the foramen ov1le



COMPARATIVE PHY SIOLOGY 203

ottt o hold p o i e L
ture of the ductus arteriosus remains a po: he find f the
channel 1n the dog and the rabbit, despite the finding o
f}fi‘ffiﬁfkeﬂlﬂﬁap or flaps by Hamilton, Woodbury andy\\'oods I‘urtéler. ?lr:g
must recall 2 legimate cnicism made by Abel and Windle (“)3‘)-“4 2},
wrote that * The blood pressure values which they gnve below theira us}t‘ri‘anons
are not all 1 agreement with their statements 1n the text and would seem
to ndicate an increase i iptraventncular pressures after respiration has
0"
be%‘uhe ammal used by Barcroft, hennedy and Mason (1938) and by Kennedy
and Clack (1941 1942) tn thesr studies of the closure of the ductus artenosus
was the guinea pig which 1s born 1n a very mature condition, and has blood
“essels that are thin walled enough for ane to judge of their internal calibre
from their external appearance
Barcroft Kennedy and Mason found that sumulation of the distal end of the
left vagus produced blanching of the ductus, especially of 1ts aortic end, and
slowing of the heart At the end of stimulation or on vagal escape the pressure
i the pulmonary trunk. returned a lutle while before the ductus relaved
Central sumulation of the nght vagus, with the left one intact, caused no
closure, and the result of distal strmulation of the nght yagus was uncertam , of
there was any constriction of the ductus, 1t was towards the cardiac end of the
channel In one foetus, in which there was httle slowing of the heart on
stnutation of exther nerve, the night vagus did not close the ductus, whercas
the left one did In three perfusion expeniments pilocarptne caused some
constnction and m two of these the effect was reversed by wtropine  The
authors apparently, concluded that the vagus nerve 15 related to the ductus
arteriosus n the guinea pig for they pointed out that their findings did not
rule out the possibity of an additional local mechamsm being concerned 1
the closure of the channel ~They emphasized that pending further evperi-
ments thetr statements applied to guinea pigs alone
hennedy and Clarh s worh formed a very definite advance upon the earlie

expenments  "Thewr first paper was largely al, but 1t also c d
the begimning of the physwological storv ~ Mature foetuses were delt ered tnto
saline baths at body temperature and 1t was found that the ductus remamned
patent for several hours when the placenta and cord were hept o
respiration was prevented  the state of the ductus was obsert E}:! tmt::t hm':g
opemng made w the chest walt  Temporary closure of the c'hannel—'ﬁap'“-.

enth by muscular contraction—could b
e cffect
wnflation of the lungs through a t  enbaanots “a‘sk(d;) t:‘ ml(i
electrica,

racheal cannula, mechanscal or w
i:llx\lﬁ;::smn Colfo Sthe dl]lctus wall) but reoFenmg followed on cess?::mn of the
s O “1:': also (Zlccurred if the foetus was allowed to breathe before
AN ngene , and the state of the placental circulation (1ntact or
amertupted) o ; without mnfluence upon the result The fact that the ducts
o found pax:un:“ aseres 3( ammals ranging 1n age from a few minutes to uf
S rtspxran?)l;ggeflt‘e that the closure was normally connected \\1%\1
Qo af e pirator o test this idea, several foetuses w ere brough

aline bath had their cords clamped and were allowed tgo lt)::a;}l:ee
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for varying periods before the state of the ductus was exammned It was found
that partial closurc occurred 1n 1 to 3 minutes, and complete closure 1 4to10
munutes, from the onset of effectrve resprration

In their second paper Kennedy and Clark repeated their view that the closure
was effected by contraction of the smooth muscle in the wall of the ductus,
unaided by the movement of any flap-like valve such as Hamilton, Woodbury
and Woods found 1 the dog and the rabbit  They then went on to describe
further experiments which they had undertaken with 1 view to discovening the
reflexes responsible for the occlusion of the channel They made use of their
earlier finding that the ductus closes temporanly if the lungs are artificially
flated, and endeavoured by various means to interrupt the reflex pathwavs
concerned

They found, however, that they could not prevent closure by any of the
following procedures (each was practised upon more thin one foetus)

(@) Dissecting away the tissuc on the anterior surface of the ductus, this
tissue including the left vagus and phrenic nerves

(b) Sectioning both vag

(c) Removing both stellate gangha

d) Removing both stellite ganglia and sectioning both yag:

) Ligating both carotid arteries below their bifurcations

(f) Removing both carotid arteries including their bifurcations

(¢£) Removing both carotid arterzes including their bifurcations, and section-
g both vagi

(h) Lagating very tightly all vessels, nerves and other structures of the
mediastinum (except the trache) cephalic to the aortic arch

() Dividing the spinal cord at the third cervical, sixth thoricic, or mnth
thoracic segment and destroying part of the cord on erther side of the cut

(3) Destroying large portions of the spmal cord, 1 e from the second cerv 1cal
to the second thoracic, third cervical to the caudal end, and first thoracic to
eleventh thorcic segment

(%) Destroying the cord between the first and tenth thoracic segments and
sectioning both vagi :

() Destroying all the cord from the second cervical segment to the ledl:‘
end, hgating all the mediastinal structures (except the tracheq) cephahe to the
aortic arch, and sectioning both vagt "

(m) Destroying the whole of the medulla and spmal cord, removing bot
stellate gangl, and dividing both vag h

The above procedures interrupted all hnown nervous pathways between the
central nervous system and the region of the ductus, and there was no v 1dencei
to support the 1dea of a local reflex mechamsm, finally, surtable electrica
stimulation of the Jeft vagus, night vagus, left cervical sympathetic, left phrenﬁ;:,
left stellate ganglon, and Ieft splanchnic nerve was without any notice he
effect upon the ductus It ppears from the above evperiments,” W rotc[ tf e
authors, *“ that a nerve pathway or a neuromuscular reflex 1s not essentinl for
closure of the ductus It also appears that the ductus will not close following
stimulatton of certan nerves which are anatomically closely associited

withat”’
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The stunuli (other than arthaal mftaton of the fungs with arr) which
cansed closure & ereh
Normal breathing
%1}3 {\I(:achamcal or electneal sumulatxgn }:)f tzle) dtl;lmus This was effectne
econds, 1e 1t w15 mare rapid than (@) adbose
" (‘ci ‘ﬁgzascm infiation of the lungs with otgen, or with 0w gen and nitrogen,
‘but not with mtrogen alone
d} Injection of adrenaline
() Mechanical stimulanon of the }eft gr ng6ht carotid stnus
Haemorthage 'The ductus closed 1n 6 yminutes
?3 Aamx;lmher Ef mscellanecus stimuh, the method of action of which 15 not
Vet clear
(h) Intravenous myection of oxygen
“The authors concluded that 1t 18 difficult to arre at a conception of the cause
of clo.ure which will fit all the observed facts, but that under physiological
conditions breathing 1s the most tmportant stmulus , the gas moture breathed,
however, must contain oxygen
To end this section, one may mention the unpublished expertments of
Barclay Barcroft, Frankhn and Prichard {1943} upon goat foetuses It wall
be recalled {see section 1 above) that the first two hids were siblings of 136
days  Number one had both vagy divided 1n the neck, 2 cannula 1nserted into
the right jugular vein and 2 nose bag apphed while 1t was still in utero  After
ght Jugy P
it had been delnered direct cineradiograpic records were taken of four
Jugular ven wjections made at intervals of ten minutes  Immediatels after
the first mjection the cord was tied and duvided, and the healthy condition of
the foetus was shown by the onsct of bleating, efforts to stand, and so forth
In the furst shot the ductus was wide open and the pulmonary circunt time was

47seconds  In the second shot the lungs were transradiant through agration,
the ductus wis closed and the left ventacle and aorta were well seen after 3
~econds 1e the pulmonary circutt tim

e had been considerably reduced  In
the third and fourth shots the ductus was sull closed, and in thg latter shot the
pulzmna{\y cxmmd m}x\xe vas u;\lder 27 seconds  The time from higation of the
corc to the second shot, 1e the time within which ¢
eyt secar ; v he ductus closed, was Just

22 munutes respectivel
the ductus was  clo pectively after the second
cotonds sed and the pulmonary crreut timy ;

e was under 27
So far the;

o the 1?! :fsfe‘::rt‘?x Icua)xx: il}:ggce)ofsmm t!fzese 50 experiments, section of both

o ure of the ductus arteniosus 1n the newborn
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In the third hid (age 139 days) the nose-bag was removed, for a specil
reason, 15 minutes before the cord was tied and divided The ductus was
narrow though still patent 4 5 minutes from ligation of the cord, but 1t was
functionnlly closed within 11 minutes from the same point of time !

1 Sir Joseph Barcroft (personal commumecation) sends the following note about earlier experiments
mn which the present wiriters were not concernied  In those experiments two sheep foctuses had
both vagi cut just before delivery and they subsequently exhibited typical deep yvagal respiration for
twenty mmutes at the end of which time they were hilled  ‘The ductus 1immediately dissected out
were found to be open It has _however been his and our joint experience that a ductus closed for
only a short time {as shown by \ rays) may be found to be open post mortem



PART FIVE
THE HUMAN SUBJECT
CHAPTER T\

The Cardovascular System of the Human Foetus

HowEver nteresting and mstructive work on lower ammals may be, On}fi
pnmary object m an Insttute for Medical Research 1s to ascertan ‘l; 1
happens m Man ~ Unfortunately many of the 1nvestigations which have been
carried out m the ling lamb either cannot be re eated, or else have not yet
been repeated, n the human subject Where the direct approach has not
yet been made, and even more so Where st can never be made, onc has to
compare the structural features 1n the respectine cardiovascular syvstems and
to assess how far smuilants m structure 1s lihely to be paralleled by ssmulants
m functioming  The decision must be left with the indiidual reader, but he
must be provided with such knowledge 7s 1s available and with such sugges-
tions as are likely to asstst him to come to a conclusion

1n addition to the purely anatomucal data contaned 1 the present Chanteg,
the three following ones contan such information as 15 avulable about the
course of the blood flow certain aspects of birth, and immedrate post-natal
changes Inewtably, the part about which most has been wutten on the
functional side 1s the umbiheal cord, for this 15 the most accessible to sight
and for espenment A sumlar preponderance occurs in the anatormical
Uterature but only i part for a sumilar reason  The other cause for the
greater length of the section dealing with the structure etc, of the human
cord 15 the dnergence of the vanous accounts of it This dis ergence 1s not,
m general an ndication that some authors have been less accurate thm;
others n making their obsenvations , rather, 1t 15 evidence of the extreme
vanability 1n structure exhibited by the ndrvidual speaimens It contrsts
markedly with the similantv exhubited 1n all foctuses examuned, by the cry
drudens which despite its importance, 15 adequately described Ism
section Jlé_ustmted by one or two figures 1n 4 short

e erent parts of the cardiovascular svstem of the mature ot {url:
:;;?rre, human foetus will be constdered 1n this Chapter, 1n the follo“m;
(1) The placenta and its vessels
(1) "The umbihical cord and 1ts vessels
(m) The intra abdominal

ortion of thy

({\% %ge In ier and the duc?us \eno:us ¢ smbilical e

\ ¢ nfenor caval channel and
(\3) The via sinistra and 1ts [;1)::: rlllbel:‘:‘i termunal bifurcation
(1) The v1a dextra and 1ts pars hberg

(+m) The coronaty sinus and the Thebesian valve
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(1x) The heart
(x) The lobation of the lungs, the pulmonary vemns and the relations
of their openings to the via sinistra
(x1) The superior caval channel and ts relation to the via dextra, the
crista mnterveniens
(xn) The pulmonary trunk, ductus arteriosus, and aorta
(xm) The arterial supply of the head and arms, the imntra-abdomunal
portions of the umbilical arteries

(1) THE PLACENTA AND ITS VESSLLS

(1) The placenta —The so-called * chorton ” of Man 1s 1n fact an allanto
chorion, and what 1s usually referred to as the placenta (and will so be 1 the
rest of this account) 1s, properly speaking, the chorio-allantorc placenta  As
the classifications, etc, of such placentae have already been described m
Chapter VII, scction (1), this note about the human structure need not be
over-long , 1t 15 essentinlly dertved from Mossman (1937) The gross shape
of the placenta 1s almost invartably
discord (fig 144) for, though many
variations, e g double discoid, are
known, they are all comparatrely
rare  Agam, though accessory pla-
centae of varying sizes and number
can be present, they are typically
absent 'The placental type 1s villous,
the endometrial relation deciduate,
and the class, on the basts of finer
structure, haemochoral (fig 147)
in other words, the placent1l mem-
brane, or layer separating the
maternal blood from the foetal blood,
conststs entirely of foetal tissues
(trophoblst, connective tissug, an
endothelium) with no contrsbution
at all from the maternal sde  The
placental locatton 1s normally dorsal
or ventral, rarely lateral or fundic

(2) The placental vessels —Detuls
about the placental vascular supply
and 1ts types are to be found in the
papers by Shordanza (1929, a) and by
Bacstch and Smout (1938), figs 145
and 146 are reproduced, b{l courtesy
of the authors, from this latter

1per
P ?3) The wnnervation of the placental

—Human foetus ¢ 4} months with
d placents and membranes  Scale o, 0l Tossatt (1905) claimed that

Fic 144
umbilical cor
n cm



CARDIOVASCULAR SYSTEM OI HUMAN TOETUS

hese vessels were mnenvated, but 1t
;eems doubtful 1f he himself continued
firm 1 his belief, and Bucura (1?08)
categorically demed the truth of 1t
Schmtt (1922) sard that no nerses had
been found by previous workers and
that his own results were equally nega
tive  Mabuchi (1924) on the other
hand, reported the presence of non
medullated fibres with free nerve-
endings 1 the media, he also clarmed
that they were 1n process of develop
ment a» early as the third month of
gestation  Ph Stohr jr (1928) retter-
ated that there was no innervation, and
hewas followed by Guarna (1934) who
said that Fossat's fibre system was
pre collagenous, and not nervous or
collagenous  If there are no nene
fibres 10 the umblical cord, as Sprvack
(1943) concluded then a fortion there
are nione 1n the placenta
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Fic 145 —Humen
Smout (1938)
tn the placenta

From Bacsich and
Distrbution of umbilical vein

(4) The reactivty of the placental vessels —This was studied by Lochmann

(quoted by Henneberg,

after 1902 and the expermments need to be

be accepted

Fig
(1938)
dffe

46 —Human From Bacs iy
and  Smo
"m:\r;enes and vein of placenty njected m;xl:
€olours to show thesr Tespectt e r lat ong
FC—ry

1902) and by Henneberg
response to certan forms of mechamcal, chemueal,

Schmitt (1922) reviewed the Itterature and

Both found ‘dilatation 1n

repeated before the findings can
himself (1g2q)
reported spontaneous rhythmic con
tractions of placental vessels, but
such moyements are typical of most
olated smooth muscle prepara
ttons  Oxygen causes contraction
and Iach of 1t relaxation (Schmutt,
1922, 1923, 1925 , von Trey, 1923,

udelmann, 1929, Ueda, 1931, b),
but agun such effects are not
pecuhar to the placental yessels
(Budelmann, 1929), Schmutt -t
tributed them fo PH changes con
Sequent upon aerobic 4nd anaerobic
ety respectively  Von Euler
(1938), on a somew hat madequate
basis  reported an  absence of
differences 1n reaction referable to
the state of Oxygenation of the
perfusing solution Like Schmute
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() The heart
(x) The lobation of the lungs, the pulmonary veins and the relations
of therr openings to the via smustra
(x1) The superior caval channel and 1ts 1elation to the via dextra, the
crista interveniens
(xn) The pulmonary trunh, ductus arteriosus, and aorta
(xm) The artenal supply of the head and wrms, the intra-abdomnal
portions of the umbilical artertes

() THE PLACCNTA AND ITS VESSELS

(1) The placenta —The so-called “ chorion ** of Man 1s 1n fact an allanto
chorion, and what 1s usually referred to as the plicenta (and will so be n the
rest of this account) 1s, properly speaking, the chorio-allantoic placenta As
the classifications, etc, of such placentae have already been described m
Chapter VII, scction (1), this note about the human structure need not be
over-long , 1t 15 essentnlly derived from Mossman (1g37) The gross shape
of the placenta 1s almost mnvariably
discord (fig 144) for, though many
variations, eg double discoid, are
known, they are all comparatively
rare  Agam, though accessory pla-
centae of varymg sizes and number
can be present, they are typrcally
absent The placental type is villous,
the endometrial relation deciduate,
and the class, on the basis of finer
structure, haemochonal (fig 147),
1n other words, the placental mem-
brane, or liwyer separating the
maternal blood from the foetal blood,
consists entirely of foetal tissues
trophoblast, connective tissue, and
endothelium) with no contribution
at all from the maternal side The
placental location 1s normally dorsal
or ventral, rarely lateral or fundic

(2) The placental pessels —Detuls
about the placental vascular supply
and 1ts types are to be found 1 the
papers by Shordama (1929, a) and by
Bacsich and Smout (1938), figs 145
and 146 are reproduced, by courtesy
of the authors, from this Ilatter

Fic 144 —Human foetus ¢ 4} months

paper
with (3) The innervation o, the placcntal
5) clarmed that

:Arx\'n?:rl‘wnl cord placenta and membranes Scale zessels —Tossatt (190
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mann’s earher (1929) finding with ergotwmne  Ueda (1931, a) fuundl dll:llt:l-
tion wath concentrahions of prlocarpine aver T i 100,000, and of 'mclf choline
hetween 1 1N 20,000 and 11N 3,000, with concentrations above this lst there
was 2 vers acute difatation followed by 1 slow constriction  Atropine (Ueda,
1931, b) was without effect per se, but neutralized the actions of pilocrpine
With acetyleholine von Luler (1 38) usually obtaned no effect or 1 weak
dilatation, or else a pronounced constriction potentiated by eserine and
abolished by atropine ~ On the basts of all the evidence, 1t scems reasonable
to suppose that the placental vessel» are not mnenvated but that in the latter
part of gestation therr muscle cells acquire to a varying degree, something
ahin to Langley s * receptise substances,” thus allowing relatuely feeble
responses to the autonomic drugs

(n) THE UMBILICAL CORD AND ITS VESSELS

There 1s a vast hiterature upon the human umbsheal cord partly because
of 1ts accessiility for study, partly because of the importance of the vessels
enclosed 1 1t and partly because of the great varatons of structure and so
forth evlubited by these vessels Fortunatel, Shordama (1929 b) gme a
farrly comprehensne general account and Sprvach (1936, 1943) produced
two very useful statements about special features (the * valves 0? Hoboken ™
and the 1nnenvation) The following survey 1s based upon these and ncarly
forty other articles, further references can be found by those interested, in
the blgh;)gra;;}'\;es appen}lez} to these articles ’

1 External features of the cord —The most strihing one 1
Shordama found that nght and left windings were equglly fre Suclrllst Sﬂ};l(liﬂl!l}gt
the number of spirals {1 10 22) was not directly related to cor lcnéth The
skin sometimes ends flush with the abdommal Wall, sometimes projects up to
zfcg]\e lcxzzgr:g a\:émtzt‘:é ‘:563) The sftub to which the proumal (foetat) an
Than on 115 caudm mapet (’SI‘ at:gxrl%)_%é arther from the abdomen on 1ts cranial
hordann s

2 Length and wudth of the cord
1n the hterature vaned f{om o to 300 cm s o wength rucorded

In his own series of
range was from 3, to 104 em, and the average 60 et o
N c T
{}e]l:tflg?ngelt;] c;;x‘\l con{) Ientgth and the w cxgh!g of ther?oetush;fl‘x:s“;ic:?\:: gul:‘:r
1s about 50 cm 1t 13 obvio d
15 ’xi?k\‘aemeg gunger than that of any ammall nu\sex:::gtn;gi:‘éﬁf et hu{r'mn cord
e \\axmll z ‘gfaf(@‘f&“{; were measured by Shordama Inpt(}%nre p}'tlmm I
s the ranges were re o
o oy respectiiely 10 to 18 ¢ 7
> em  with tvpical means of M
1(r; zbg:: )"t pcx}'1 cent there was a progresswve fall ml\\zlyd':hof :(l)nd he ot
S o the placenta (08 cm Apart from th o, e umbilicus
calibre noted above, individual cords often 2 Jous
3 Strength of cord
first i estigations of
Chiant Braun and §
and hehrer (see Sho

ge;ieral vanations n
nd ized nar;
th:kc;(c);f:ng 1o Bayer (1g00) 2 forensic cars(::“)lcndgi h
bor (1853g x:;l;;nfnl{t ;] e human cord {Neguer, 1§4‘t)e
u er ( :
rdana) reported valyes of agloe\;lts %ri?emssh:r‘:!‘imcao: mlwé
este

showed Jocal
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(1922) and others, he found the placental yessels especially sensitive to thermnl
changes, constricting at low temperatures and dilaung at high ones

(5) The pharmacology of the placental vessels —The reactions to drugs have
been mvestigated 1n perfusion ‘experiments (certan points of technique were
stressed by Kustner and Siedentopf, 1929, a, b, and by Budelmann, 1g2g)
and 1n evpeniments with solated preparations There are the expected
reactions to pH changes (Schmutt, 1923, Ordynshy, 1931), and to direct
stimulants and depressants of smooth muscle (Schmutt, 1922, 1923, Kustner
and Stedentopf, 1930, Ordynsky, 1931, Ueda, 1931, 1, b, and, to some
extent, von Luler, 1938), the mamn interest 1s, therefore, the Iight that may
be thrown, through the reactions to autonomic drugs, upon the wccount of
the innervation given by the histologists ~ All the relevant literature has not
been accessible to the present writers, but even so the results are not too
readily co-ordinated into 1 smple story

So far as adrenaline 15 concerned, the relevant information 1s given 1 a

ANNIOTIC CAVITY

"~ MATERNAL
cnomon & BLOODSPACES

MATERNAL
i ARTERY
SECIDUA

GLAND —2 c)ll‘(.:mﬂmﬂ
Musere — 77

Fig¢ 147 —Human  Diagram (modified by Amoroso from Hertwig and Cow dry) of the mature placenta
‘To show the relattonship of the chorionic villi to the maternal circulation (see text)

number of papers (Schmutt, 1922, Budelmann, 1929, Kustner and Slegen-
topf, 1930, Ueda, 1931, a, Ordynshy, 1931, von Luler, 1938), nd i
general 1t indicates that the placental vessels, i the latter part of gestatw{ld
exhibit 1 somewhat weak constrictor response  For mstince, the thresho
concentrations reported by Ueda 1nd Ordynshy respectively were 1 ;in 10,
and 1 1n 5, millons, and Ordynshy said that the vessels of the human r;lgelx"i,
which he studied s a control, were fir more sensitive ! Von Euler s threshol l
concentration was 1 1n 2 5 mithons Ueda (1931, b) found the placlent'lQ
vessels reacttve to a smooth muscle stimulant (barium chlorld? as carly 1
the fourth month of intra-uterine life, but not reactive to adreniline t(l?;
pilocarpine) before the sixth month  From then on the sensx\mt)hltonde
autonomic drugs increased more rapudly than did that to l:i:mun]l cl offect
Von Euler found that cocamne sometimes potentiated the 1drcm ine e fect
while ergotovine always abolished 1t Ergotoune 1tself cause -xl Cotnost{;lfdd-
1f 1t was perfused 1 sufficiently high concentration , this 1s similar

1 Isolated veins taken from adult ammals have reacte

d perfused mesente:
140 millions (Waterman 1933) nd p
cgncentmuon of 1 1n 100 mmilions (Fleisch 1931)

d to adrenaline n a concentration of 1
ric vemns have contracted at a threshold
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he hiterature on the small
n the vascular pemorh of the umblhc?l\br méne;l;‘cr 1996, Virchow, 1851,
lVeSSElS i seattered (SS%huttﬁSE?: i ?;g;e T)mt 1876 ,' Langer, 1897.P u\t}{_:;l
Ta, 1876, y B ’ ucura, 1oz, Pluffer,
%‘;Dggnd‘? 1902, Henneberg, 1902, Bontil.cz)”]; rljm ‘9“)9‘ Runge and
1902, quoted by Ropp, 1037, Boehneh 19070 1 ppp %1037, Spinach,
B 27, hondo, 1930, legend BE lemtimately be
Hartmann, 1927 , doubtful 1f anyv of them can leg
) and 1t scems extremely doul : les on the snner surface
uHisd vasa vasorum {Goenner found openings of venu the artenes) . The
o bilical vein but no corresponding offshoots from the . )
o e 1l vessels typrcal of the pigs cord (Jordan, 1919
profuse distribution of small + ) b’s cord (Harper, 1943) are not pral-
and the somew hat sinular one 1n the Jamb’s cor cib ) remeostil
d  Tait described a stnus, supphied by lowe:
leled sn the human cor distance from the umbilical
1 o cords It estended for some distan e
;r;;n:'s],d gave off short branches which Tmthcan51dered \\cl;;: nuxtlnf)rf“m%scle
€\ 0!
matrix, he pomnted out that the walls of the sinus \\;rc onsed ushe
2 1t was present, 1ts rupture mught lead to con
i\‘;grx:}s]?:f\a‘gll eax}u:r ‘mnhp There are no hvmphatics 10 the cord (Schieffer-
d by Kopp, 1937
de'(:k)ﬂT;}EO‘}s:algis ’ 5 lhegl:fz:x%rhml essels —These features are s:uﬂ mlha\ e
been noted by Hobohen (1669) 1 umbihcal asteries, since then 14 \ﬁs
have also been descnibed 1n the umbilical vein Recent accounts by Shor-
danta (1929, b) Spivach (1936),and Jankovich (1939) are illustrated by pho§o~
graphs (those of Jankovich are particularly telling) and photomicrographs
The term  \alves” 15 napproprate from ‘either the stru.ctuml ar lhc“func-
tional point of view (Shordanfa), Spuwach used the term f(?!ds or * con-
strictions* 1n the case of the artenies and *‘ semilunar folds " 1n the case of
the svein  for the panis between the folds 1n the artenes she used the name
nodul Hobohenn  Janhovich, i respect of the arteres gave as alter-
matives to ‘valies  the terms ¢ folds” and “ muscular rings *  So far as
the present writers are aware there 1s no evidence to show that the folds are
present before bicth , 1f this 1s correct then the only interest of the structures
1s bound up with the part, if any, which they play 1n the post-natal closures

of the vessels To estimate this one must know more about the folds
Shordania said that 2 s

gle artery contaned from 2 to 28 common figures
bemng between , and 10, Sprack s mamum was 30, Jankovich gave as an
average figure §or gand as the highest number 1n hus sertes, 48 Shordniaand
Sprack both noted that the folds were usually absent from the tumns of the
spirals and the former on this and other evidence concluded that they cannot
be artefacts due to torston They oceur, accordmg to Shordana, mainly 1n
the middle and distal portions of the cord (Janhoy ich, however, found some
within the umbrheus ttself) and are Ting lihe projections of the endothelium
and media mto the lumina of the arteries corresponding indentations are
commonly seen on the outer surfaces A fold, according to Sprack may nat
be equally plr(ml\mcnt on both sides of the Jum,
cases, completely encircle 1t The Pprojection consists essentrally of 4 local
thickening of both the longitudinal and 'the aircular i all
present m the artenal w allg, the circular bundi, e bundles normal

es being less mixed than else.
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83 cords, all withstood 1 weight
ot 4 5hg, and the average breth-
ing stran was 57 hg  Rupture
occurred most often 1n the middle
third, and not 1n the proximal third,
s found by many earher worhers
(Meyer sud the plcental end ws
the site of election)

4 The structme of the cord, the
mnber of 1ts vessels, ete (fig 148) —
Inside an epithelum of one to
three, or very rarely of four, lnyers
18 the matrin of the cord, which
consists of Wharton’s jelly with
some fine connectivc tissue bundles,
clistic fibres, and stellate and
round cells, ind which has em
bedded 1n 1t the two umbilieal
arteries and the umbilical vemn,
the obliterated remuns of the
allantos, and on occasion, towrd
the proumal end of the cord, some
smaller blood vessels (Shordann,

Fic 148 SHuman foctus fall term - Traaserse 1929 b)  The matrix 15 anato
Notemfoldings of sufoce of cord and abscnce oot M1Cally separated from the plcental
blood vessels (f fig 169 /) Scale in mm tissues at the one end and the

body of the foetus at the other

(Tt, 1876) Immedintely next to the umbilical vessels there 1s 1 mncresse
in the connective tissue fibres of the matriy, and one has to distingwish the
vascular wall proper by 1ts greater number of connective tissue fibres and by
the presence, mn addttion, of elastic and smooth muscle fibres

In 95 per cent of cords the umbtlical vessels show torsion, according to
Shordania, the arteries exhibit 1t to 1 greater extent than does the vein (see
Morel and Gernez, 1939, fig 2) The sime authority gave the following
further details The nght artery 1s commonly longer than the left artery,
and the latter 1s longer than the ven  The caltbre of the vemn exceeds those
of the arteries, and m 25 per cent of cords the calibre of one artery exceeds
that of the other Al three vessels decrease i calibre from the placenta to
the umbilicus The arterics, m 8 5 per cent of cords, anastomose, the
anastomosis 1s 1 direct lnteral one 1f 1t occurs well towards the foetus, but 1t
usully occurs more distally (in 8o per cent within 2 em of the placenta]
insertion of the cord) and s then effected by a cross-vessel of small calibre

The small arterioles and venules often found m the proximal thuird of the
cord were described by Shordam as nutrient vessels of the cord, ongmating

1 According to Schultze (1896 156) there may cxceptionally be only one artery (as 1s normal
1n the mouse) on occaston also there may be two b [vemns 1€ af of the con-

dition obtatning earlter tn gestation
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contracted artery, as noted aboe, folds can be found projecting into the
lumen, they are Thore pumerous 1 the distal patts, 1 where the muscu-
Jature 15 Yess shaet  Apart from these folds small protuberances are st o
1 places on the mner surface of the vessel Thes were called  Polster
by Strawinsht who first noted them, and “Buckel by Bondi {1992} They
hane thetr greater duameter m the long asts of the tessel, and they occur
chiefly st the umbtlical end of the cord "They ate produced by contrictien
of the 1nner muscular Izyer (see below) and, fike 1t, have a some hat arbitrary
dstrbutian The shorter diameter of ene pictured by Straw nsht (s fig 6}
wis 0y mm and their appearance i such transierst sections esplains
hopps chowce of the epithets “ mushroom shaped  and * crescenuc’
According to Bondi (xgo2), from 1 to 4 may be represented 1n a cross-section
of 2 contracted artery, and the fumen may thus be crescentic shit like, Y-shaped
or X shaped One more general pomnt may be noted before one passes on
to the detuled ustology, for 1t can be correlated with the decrease 1 muscu-
lature from the umbiltcts to the placenta This pownt 15 that, while the cord
arteries of the newborn are usually full of blood, one does see 3 number n
which blood 15 present only tow wrds the placental end (Bonds, 1902)
Descriptions of the histological appearance of the (arufictally) dilated artery
are veny few , Pressure dilatwon, accordmg to Stranmshy does not cause
the Palster ’ to disappear Bond: {1g02), on the other hand sud that
lé!;dex" sucg treatment ‘t‘he lumep of the Yescel becomes approumntel cyhin-
BT, e e o e W
Lo et e 1 adcem, e torsion of the vessel becomes less
v integrate a number of statements,
distinguish 2 sngle-layered endothelwm an el Ay
and a ‘arcolar  muscular outer taver {ho; n)e 3%!‘1: muscular mner Kher,
sxgmmh muscfle fibres surrounded by fine ela.st};f fibres C'Il‘r;lréefrox";\r\l:; ::c“s‘s‘? fof
about one fifth of t ount Jor
spafs ayith epposnehs.\‘:\:g:\};g 1128 \)esse% t(\B(l)mll, 1902) and arc arranged m
né:)i to be arranged concentric \m;l)mpthc Iu:ler::“(tﬁo:%g;nr }o b(i)‘ciomemml;:d
above componenl n addition to the
bres bet\\é’en th?mzl.::]e‘gﬁz,l&“ contsms some Joose connectine tissuc
substance which 15 4 precursor ;;")!an alsa much mucord
amount of support for the rden that me .xsltw tissue (kopp)
internal elastic lamina (see o Shaﬁ & istlc tissue 1> equnnalent to a split up
such a lamma where the "lgon - dacl 1938), and 1t becomes more like
laver consists predommantly of ti‘xck ilf)m dl musq? 1s abscnt The outer
with a respectable amount of very f ndles of * curcular * muscle fibres
between them  the elastic tss, mer) e clastic and collagen fibres ""“’POSC(i
:?der 1 External to the ctrcul;t résu;xzzix;:‘)"l:g‘lggly lﬂssbth?)“ ok the s
{hie) musculat; ma e und .
b B s o e
gularimes (happ)  Opin ur of the vessel may show sligh
an adventitts  Ropn ( 8% 1008 are divided as to whether o slight
Strawinsk 1860) said that tts place r not there 1
Bucura (Igé}gt&t 1s distinet at the placengll en::ls t:i‘g\m by Wharton’s selly,
at 1t s poorly developed pat ut the foetal‘end,
eloped and scarcely d ne,
istingwishable from

{chromotropic’
There 1s a %112-
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where with fibres coursing 1 other directions The dilatations between
folds exlibit a corresponding thinning-out of the muscle layers In the
present writers’ opmion, it seems resonable to regard the folds 1s due to
aitra local reactivity of the arterml musculature, 1¢ s exiggerated local
results of the genernl tendency of thit musculiture to shorten on evposure
to cold, and to the mechnical, thermal, and chemical stimult (njections with
vartous solutions) that may be involved m the preparation of the cords for
exunination

According to Shordanm, the venous folds are usually long and spiral and
unaccompnied by corresponding depressions on the outer aspect of the
vessel  They occur at the sharp bends and never in the strught parts, and
therr number in a single vein varies between 1 and 7 Frnally, they do not
encroach much on the fumen (s the artena! folds commonly do) or offer
reststance to perfusion m either direction, and they can be regarded 1s func-
tionally ummportint  Sprvack sud that the vemn possesses semilunar folds,
the function of which 1s not 1t present hnown  Janhovich gave the average
number of folds i a vemn 1s 8 or g, the maximum 1n his series was 28 One
cannot help thinhing that the disproportion between his figures and those of
Shordanr, for both arteries and veins, lends further support to personal
views about the mechanism of production of the folds n both Ainds of vcssels

(6) The extra-abdomnal portions of the wmbiical arteries —The following
aecount should be mntegrated with the description of the intra-abdommnal
portions of these vessels (see section xm below), 1f readers wish to get n
1deq of the umbilical arterses 1s 1 whole  The present rringement has becn
adopted 1n order that they my get 1n 1dea of the umbilicl cord 1s 1 whole

It 1s not easy to gnve 1 concise account of the cord arteries  In the first
place, there are differences between individual artenies, between the different
parts of 1 single artery, ind even between opposite sides of 1 single transerse
section  Secondly, the great musculanty ind renctivity of the vessels mahes
1t difficult to fix them in their naturally dilated state, hence all but 4 few
tustological nccounts refer to contricted or partilly contracted specimens
Finally, no one has seriously attempted to bridge the gap betneen chro:.clopilc
appearmnces 1nd histological findings, either by dissection under}s aght
magnification or by reconstruction from seriil sections  Hence onci nsb ntt)
complete guide to the essential structural pln of the vesscls, and the bes
that one can offer 1s the description, as yet unconfirmed by other \\orkusi
that was given by von Hiyeh (1935)  Cmeéradiogriphic studies of the pl u;.n;"l
circulation from the birth ot th? c?xld om\z{rds would lsup(gglremm) of the

nt mussing from the functional anatormicl pr

de&gﬁz 2;t€{?'sxlt)dommal gomons of the arteries are softer, looser n stmc{}urcE
and paler than the mtra-abdomnal ones (Strawnshy, 1873) T}I:e \mli)t‘x ")d
thesr muscultture rises rather rapudly to 1 maximum just m51fdcht e umbt ':n
ring, at the proximal end of the cord 1t 1s 1bout two-thirds o tbxs tm‘il‘::ntll]“lrli
and thereafter 1t gradunlly decreases until at the dist1l endf lth 1s 1bou gd hurd
of the maximum (xdem) ~ It1s more powerful than that of t Lhc\tr'l’% gr;atcd
vem, for post-natally contracted arteries cannot for some hours 1;: lIn a
by p,rcssure, whereas the ven can (Strawinshi, Shordanma, 1929, b)
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the lumen  Were the taner fibres curcularly disposed, they \\hou{ﬁ th“tc :10
contract to a seventh or less of ther oniginal length to cause such oblt Igr'l ;0 f
and 5o far as 1s known no smooth muscle can shorten to this extent  Turther,
contracted circular muscle could not produce a lumen star shaped 1n trans-
verse section  Tor further details about the musculature, and for an account
of the disposition of the collagen fibres, the reader should consult von Hay eh’s
paper  Lake the ductus artertosus, the umbilical arteres are prepared during
development for a single post natal performance and are allow ed no rchearsals
for 1t

(7) The extra abdommal portion 9 the umbtheal vem —The vew 1s thinner-
walled than the arteries but much thicker-walled than any other vemns of
srmilar calibre  Tts lumen 1n the dilated state 1s round or ov1l (Bonds, 1902),
In the contracted state also 1t 1s usually circular, 1€ there are no protubernces
into the Jumen, as there are 1 the case of the arteries

There 15 2 single layered endothelum, and external to 1t 1 well marked
intern1l elastic membrane, which m places may be sphit up into lavers, ind
which according to Shordanm {1929 b) becomes stronger towards the
foetal end of the vessel The media hes external to the membrane nd
consists of bundles of smooth muscle with large spaces between them  These
spaces re greater than the corresponding ones in the arternl walls and the
loose nterstitial tissue 1n them makes for great distensibihity of the van
About the disposition of the muscle bundles there are conflicting statements
The nner laver when present 1s “longitudinal ” , on occasion 1t 15 wide
g\o?p, 1937) but ué}(:thgr cases 1t 13 gz))orl:rgcwlopgd or abscnt (Runge and

artmann 1927 ordama 1929, e middle layer 1s regarded
most writers as the most constant ?.md the largest, 1tss {15\1:\“\ gcnrc?\hrb }’
but l11ts fibres and those of the outer  longitudmal® layer may be mterwasven
‘l';“zkirmt’g;{e 1I}’]°“'°“ of ]the‘ colrd (Shordanta, 1929, b)  The outer Iyer 1s

e crcular’ layer according to Shordama In general
views about the muscular arrangements are as various 1 more recent hteratur. :
as they were 0 the literature available to Henneberg (1902), and the b
be regarded as ind s Y must
be ‘gm s 1c,atnor‘|xs of considerable vanability 1n tge structural plan of
arion’s jel
v ﬁm s length, and the »Jess)ellfs Zes‘::ig{g 'fiot;(x)\rxtn :@ﬂ;;‘g&: g\‘ﬂci;u[ﬁ;stthd the
the arteries (Runge Baur and Hartmann, 1 28) N an we
amount 1n the vein {ko "o Mucoid tissue s less sn
L i ) Ao Bors (e, e o
provimal part of the coud or 1ias the wetn rala ominal type either i the
sheath 15 present round the seun bl tlca ting, and a connective trssue
more distally there 15 no adsentin III:s t:c reaches the umbilicus, though
or marhedly less (hondo 1930) 1 the \emtﬁ-.sue 15 less (Strawinshs, 1875)
pra(1§;1t;}]l} Ilmlt;d to the inner zalf of the wall (a]rclsrl(?m‘he nrt)cncs, and 1t 15
e attachments o, 1919

mateix ends provimally 1{1 :ﬁie?gﬂ:e]&;ﬁk ~Tait (1876) sad that the cord
ning nothing of the cord 1s found ot e cesses and that in the umbrhcal
(190,), on the other hand, stated f;;e;:;]ethe ll};ree mbilical s essels Bond:
for 1102 e provima) to s card o vne \rltm theal arterses are ensheathed,

N arton’s jelly plus a variable amount
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the cord matrry, and Morel and Gernez (1939) much the same  Shordani
(1929, b) stated that the adventitin of the arteries 1s more marked than that
of the vein, Kopp (1937) and Spivack (1943) thnt there 1s no adventitia Runge,
Baur and Hartmann (1928) found that the arteries are more casily separated
from the matri of the cord than 1s the vein

In the contracted artery there may be complete drsappearance of the vascular
lumen, with only a dot, or a crescentic, sht-Iike, Y- or X-shaped line to mrh
its place  The dot will be present where “ longitudinal ” muscle 1s absent,,
the other shapes will result from projection nto the lumen of 1 to 4 “ Polster ”
of “longitudinal ” muscle, which has contricted simultaneously with the
outer “ circular ” muscle  The retriction and contraction of the musculature
1s made possible by the presence of loose conneetrve tissue between the fibres
and bundles If “contraction of the outer musculature 1s not everywhere
equal, “ folds ** of Hobohen my appear and partially or completely subdivide
the vascular lumen mto segments, so that 1t resembles 1 string of mmiture
sausages (Jankovich, 1939)  One need not pursue farther the possible varia-
tions in the macroscopic or microscopic picture, for they are legion, detuls
can be found 1n the papers alrendy quoted and 1n others not yet spectficalls
mentioned (e g Hofmann, 1877, Henneberg, 1902, Bucuri, 1902, Jordmn,
1919, Kondo, 1930, Popoff, 1938)

It 15, howcver, necessary to give some longer account of the complex spiral
arrangement of the musculature, as concerved by von Hayek (other suggestions
that the musculature 1s spirally arranged occur in Tait, 1876, Hofmann,
1877, Bondi, 190z, and Kopp, 1937) The material which von Hayeh
eximmed consisted of uncontracted and contracted vessels from newborn,
full-term infants He found that, when an artery contracts, 1ts external
cilibre falls to a half or a third of 1ts onginal value, the wall increases threc or
four times 1n thichness, and the wide circular lumen 1s reduced to an impervious
slit, star-shaped 1n transverse section There are two coats of muscle n the
arterial wall  Each 1s made up of helicoid spirals with opposite windmgs *
The pitch of the spirals 1s less 1n the outer coat than n the nner one, so the
former approumates more to circular muscle and the latter to longttudinal
muscle In the uncontracted state of the artery, the outer coat appears to be
crrcularly arranged or nearly so, 1n the contracted state the inner coat 1ppears
more longitudinal and the outer less circular  There 1s no sharp division
between the two coats and fibres pass from one to the other  When 1 particular
helicord spiral 1s getting near the end of its winding-up process, the fibres Illn
1t approach the lumen of the vessel and perhaps end m relation to the fwch-
developed internal elastic membrane  The star-shaped appearance o tle
mside of the contracted artery, as seen in transverse sections, may result
from asynchronous contraction of different muscle bundles  The result of the
helscord arrangement of the muscle fibres 1s that a relatn elyI sma]g[contracnox;
(a shortening of about 5o per cent ) can bring about complete obliteration o

le plane (e g a watch

1 hed between a simple sprral (- Spirale ) in a singl

spnr)gnnulfe)}fcl;:ilssgrrill"(s Schneckenlinie ) such :s would l:)e”prof‘uccd if ox;’e r:;;;edszl;liazcl’x:-:c
as occurs naturally 1n the snail shell and a screw sprra

ﬁfn‘chc)‘:r?xt? husgi:l?feo:piumcihremams at a fixed distance from its aws and has 1 constant pitch {as

eg 1inascrew used for metalwork ern a circular starrcase)
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«was necessary with other
drug had 1o be wed in hight i":ﬁ%?f:& \‘\h\u\‘;s therefore concluded that
s ‘:spc‘;xolg:) :t?\:rothan 2 nearo-mscular one  Pacasy mpathm;
e e Msr'i‘ x(‘l\ ressants produced ttle or no response, Iustamme F:usc
Pl de\‘;anum chionde was effectne 1 conceniralions as (;\\ as
cen\moc:; Z‘c‘)o m‘\Vatfzrman (1933} revies ed past work upon the umb&X\go r\l ;:2
:‘m‘g xaho' reported peesonal (lmdmgs Except ford lYuslnetozl?\\n Dm;m étmn m
(1929, 1930) all prestous obsenvers had reported httle O T
adrenihme _ Watermas ki\\‘m“l(duts‘xgs\ aio ‘;\?gdh cnosm\:zggorcqmred for other

A\ A
f(;‘rfse n"i:’l:ﬁ::u:b\?\:;k"\er; ()::‘:d“\\!n(ermnn Thewse, nere un;d;\le to dlscg\;.;
any or any marhed, reactions to parassmpathetic dimgs , the respons
PIWLID 1W2s 2 CONLTACHON 1T SOME Eises, 10 others o

(w) THE INTRA ABDOMINAL PORTION OF THE UMBILICAL VFIN

This sessel runs partly enfolded by pentoneum and 1s surrounded, 1n w elt
deseloped infants by subserous fat (Bondi 19035), it 15 accompanied by
Iymph vessels which anse from the umbihical fing and the wall of the vem
near that ning and then pxss to the porta hepatis (Fnomote, 1930)  Wathin
2 qr 3 cm from the nng it has undergone a complete change of structure
(Stravwoskt 187,  Runge and Hartmann 1927) and 1s slack and colfapsible
by companson with the etra abdomunal portion (Hofmann, 1877) It
eshubits no  vahies  ar epreals (Bondy 1g0,)

The wternal clastic membrane 15 poorly developed or, especsally towards
the lwer complewdy absent  Thick connectise tivsue, including some fine
clastic fibnls hies between the mntima and the musculature of the medin  The
mu cle does not form a continuous Javer but 1s 1 bundles separited by
compact connectine hissue Which often especially towards the Iner, pre~
domnates, over the contractile tissue  There are conflicting views about the
dircenon of the muscle fibres  Henneberg (1902) stated that the mner fibres
were chiefly longitudinal and were more numerous than the crcular ones

Runge and Hartmann wrote that there was a small thin liser of circulac
fibres dircetly autside the mntma and apart from that only 1 few scattered
hbres here and there in the firm connect

tve tissue  The adventitia, 1ceordin
1o Bondi 1 the largest part of the yessel ‘

Rich farrly thiek, fibridlar tissue
encloses numerous mostly longitudinal muscle buadles, the elastic fibres
are plentiful and are disposed o membranes and nets of various thichnesses

nally many vasa vasis and ne ¢

rie fibres are present A
(1836 quoted by Goenner 1906 and athers), e g 1o Schott

the nerves to the vern are from

ghm d7ml‘2 ;xum})nr N ;he}: anse from the left hepane plevus and pass down on
e al surface of the vein anastomosing with

0% S ee, 3 one another en route (see

n:rur‘r;‘:m:’ggg CZZQ :{]\z\; say (haté after ‘:he sudden gross change 1n structure
t € vem tends 10 have less muscular tis:
sue,
connectise hissue, the neater 1t gets to the Iner (Bondy, 1905 'I"hmd ernat
elastic lamina fad o o) vt

es aut duning the same course {rdem, 1902}, and the adventitia
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of connective tissue  The sheath so formed 1s closely connected by tense
connective tissue both to the umbilical ring and lso to the local fasen (Sachs’
fascia umbilicalis), which 1s often very markedly developed , more proxmally
the sheath passes over into the adventitin of the intra-abdominal portions of
the rteries 'Within the sheath, as 1n the cord jelly proper, the arteries are
freely movable and they are only indirectly connected with the 1bdommnal
wall— fact of importance for the understanding of their post-natal retraction
The picture 1n the case of the vein 1s somewhat different ~ The vessel develops
an adventitin in the proximal portion of the cord, and at the umbilical ring
1t 15 attached fairly firmly to the shin, but comparatively loosely to the fascia
Meyer (1914, 1, b) contrasted the firm attachments of the human arteries
and the vemn to the umbilical ring with the loose attachments of the arteries
of rummants  He also thought that the consistence of the cord matri\ 1n the
humnn subject was such as to hinder post-natal retraction of the divided
vessels towards the umbiicus  Kopp (1937) said that the vessels are more
closely attached to the surrounding tissue i the proximal 6 cm or so of the
cord than n 1ts more distal portion

(9) The mnervation, reactivity, and pharmacology of the cord vessels —
Sprvack (1943) produced so complete a review of past work * upon the mner
vation 1nd made so careful and critical 2 personal study, that there 1s no need
to duplicate her account here Her conclusion 1s that “ modern neuro
histological methods appear to show that the umbilical blood vessels of the
cord proper in man are devoid of a nervous apparatus ”

The reactinaty of the vessels 1s such 1s one would expect 1n view of therr
great musculanty and the 1bsence of a nerve supply to them A resume of
earlier work upon them was gnven by Schmutt (1922), and from 1t one may
quote the note about some experiments performed by Bucura (1go7) ~ Circum-
scribed spots on the cord were stimulated electrically immediately after the
birth of the child, 1nd the vessels at once contracted down completely at these
ponts, while elsewhere they remuned full of blood Divsion of the cord
1t the sites of contraction resulted 1n no hiemorrhage, but diviston 1 cm
on either side of these sites was followed by haemorrhage, 1 ¢ the reaction
to the electrical sumulation was sharply localized and not propagated

Rech (1925) paralleled upon 1solated lengths of cord arteries the perfu:l(l)n
experiments carried out earlier (1922, 1923) by Schmutt upon placental \cssehs
Lile Schmutt, he reported intensc reactivity to the presence of ovygen 1n the
perfusion solutions , the contractions induced by saturated solutions were OSO
strong that the vessels would not reopen under considerable pressure n
the other hand, perfusion with carbon diowide or nitrogen saturated solutions
resulted 1n dilitation of the vessels Baur, Runge and Hartmann (192?)
confirmed the reactivity of the umbilical arteries to ovygen, but found lltttg
effect upon the vemn, potasstum cyimde abolished the arternl reaction
oxygen

yTghe same workers studied the pharmacology of the arteries both 1n %C}:"
fusion experiments 1nd also 1n experiments upon 1solated prepqrntlonsb . thz
vessels were equally reactrve to ndrenahine throughout their length, bu

1 Baur Runge and Hartmann (1929) mught perhaps be added to her list of refcrences



CARDIOVASCULAR 51STEM OF HUMAN TQETUS 219

drug had to be used 1n higher concentrations than \\Erxls ngcessz;] C\1\ ‘::‘hc (;);‘\‘\?\i
artenes 1n order to produce a contraction, and 1t was there orcP uded tht
the effect was 4 muscular rather (tjh:m da ln:czllno ;n‘u“s’c;xi:; g:see N sa‘r:;‘)l ncpm\\s
stmulants and depressants produced litte © s B
contraction and barum chlonde was effective 1n_concentraty s 1o

Vaterman (I reviewed past work upon the umbihical vem
:Im‘c‘l‘ :xcl):oog:por:\ed pcrsongl9 §1)dlngs Eacept for hausnetzow and hl‘onz\‘t“;
(1929, 1930) all previous observers had reported lhttle or no rcac‘mn 0
adrenalme  Waterman himself usually found contraction, but onhy Wit
concentrations about a thousind times as high as were required for other
vems Previous workers, and Waterman fihewise, were unable to discover
amy, or any marhed, reactions to parasy mpathetic drugs, the response 1o
Prtultnin ®as 4 contraction in some cases 1m others nit

(w) THE INTRA ABDOMINAL PORTION\ OF THE UMBILICAL VEIN

This vessel runs pantly enfolded by pentoneum and 1s surrounded n well-
developed infants by subserous fat (Bonds, 1903), 1t 15 accompamed by
Iymph vessels which anse from the umbiheal ning and the wall of the vun
near that ning, and then pass to the porta hepats (Enomoto, 19,0)  Within
2 or 3 om from the ning 1t has undergone a complete change of structure
{Strawinshy, 1875, Runge and Hartmann 1927) and 1s slach and collapsible
by companson with the estra abdomunal portion (Hofmann, 1877) It
eshibits no “~alves’ or spirals (Bondy, 190,)

The mternal elastic merabrane 1s poorly desvelaped or, especially towards
the Iner, completely absent Thuck connective tissue cluding some fine
elastic fibnls lies between the intima and the musculature of the medin  The
muscle does not form a continuous Inyer but 15 m bundles separated by
compact connective tissue, Which often especially towards the liver, pre-
domrnates over the contractile tissue  There are conflictung views about the
direction of the muscle fibres  Henneberg (1902) stated that the mner fibres
were chiefly longitudinal and were more numerous than the circular ones
Runge and Hartmann wrote that there was a small thin layer of circul
fibres directhy outside the intima and apart from that only a few tcu 1(;
fibres here and there in the firm connective tissue y Scattare
10 Bondh 1 the far,

The adventitia, accord;
: gest part‘of t'he:cssel Rich fairly thick, fibrillar trls:l:%
encloses , mosthy long muscle bundles, the elastc fibr
are plentiful and are disposed 1n membran y .

es and nets of various t
ﬁnsallﬁ\ many sasa vasis and nerve fibres are present Accordmgli(};nésc;cst;
(1t g 3 3:1?5:’;\ E} Gxﬁ‘mer, 190{6 and others) the nerses to the vern are froom
S 107 er, they anse from the left hepatic p)
e donmel ey they s epatic plexus and pass down on
em ana
o Spoach e stomosing with one another en route (see
Summarizin

ncar the umbﬁlc?:sm tmh:‘\seﬂle ttf::‘té:\f‘l:r l:hc S\lldden 8ross change 1n structure
ave

<onnective tssue. the nearer 1t gets o 1. €ss muscular tissue and more

<lastic Jamina fa

e liver (Bondy
des out during the same course (K(iem, xgolzg),ogr)ld t:}:dl:] etrelmil
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appears to increasc 1n thickness But these are generalizations to wht

exceptions are fairly frequent (1dem, 1905) The ingntudmal musculatucr}e1
presumably plays 1 part 1n the delayed post pirtum retraction of the umbihcal
vein awy from the umbilical ring (Robin, 1860 , Baumgarten, 1877, Meyer,
llx?:ﬁl’saly)é)oi\ nd others), but that forms no part of the story that 15 to be told

k16 149 —Human foetus 38 wecks  Caudal view of liner to show afferent venous distribution ascer
tamed by disscction PP papillary process C I caudate process G B gall bladder UV umbilical
vein giving oflshoots to 3 central mass nipht . central mass left and z left mass D[ ductus venosus

I sinus intermedius PV portal vein gnving offshoots to 4 right mass IV € inferor vena cava

Seale n cm
(nv) THE LIVER AND THE DUCTUS VENOSUS

The proportion of the body weight that 1s provided by the liver weight 1s,
according to Needham (1931, 451), at 1ts maxumum, 7 5 per cent, at 2§
months and has fallen to 50 per cent by birth In the adult, according to
Piersol, 1t 1s about 2 5 per cent  The papillary and caudate processes are of
proportionately greater size 1n the foetus than in the adult (Thomson, 1899)

Tig 149 shows the afferent venous pattern (ascertuned by dissection)
superimposed upon a photograph of the caudal aspect of the Iver from 4
38-weeks’ foctus  I'rom this figure 1t 1s apparent that the viscus 1s diusible,
according to the schema given n Chapter VII, into left mass, central mass
left, central mass right, right mass, and papillary and caudate processes, the
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ud line of the umbilical ven bewg 3 PR
wide to the partitiot of the central mass

Or HUMAN FOLTUS

roportton of the total lver w aght
ﬁ‘gt:cphu‘r’nm foetus than 1t does 10 the
b
lsar;:‘ne\\hat across the dnsion between the
central and nght masses
nd caudate processes
2\tm hepancppnmnn of the umbilical
vemn may be contracted  down, exther
partially or almost completely
The hepatic venous collection 15 10
general accord with the schema 1n
Chapter V11 Thus, one matn_trunk
drains the left mass and central mass
left a second draws the central mass
nght and 2 third drawns the night mass
though the tributanes of the second
yessel may 1N some measure mvade the
particular territory of the thied
‘Lipping’ 1€ @ sphincter mechamsm,
15 present at the beginmng of the ductus
yenosus (figs 150 151) thismay explain
Ziegenspeck s (1995) finding that 1t was
difficult to nject the channel after death
( Oft geht der Duktus gar mcht auf ber
der Injehtion, wahrend andere Venen
und der Sinus aufgehen '} The same

author consrdered the ductus a stationary
\essel both anatomucally and physwo
lomcally from the 16th to the zoth week
of foetal hfe onwards If hus view 1s
correct then Man would appear to be
termediate in respect of the ductus

Tic 150 —Human foctus age unknown
Two views of the opening (that show 1 1n the
centre of each photograph) leading from the
umbilical vem into the ductus venosus e
“iews are such as one gets by opening up the
umb lhical e ina fresh lnver and then boking
at the caudal aspect 1n a murror held belo v the

sscus  beale tn mm

N }e‘nus‘\:s between the sheep 1 which
the channel increases 1n size and remans functional u
p to the time of birth
and the horse 1 which 1t 18 non ewstent at birth ~ So far as a short seres
of personal findings allows one to say the ductus 1n Man 1s fairly short (e g
it was 16 cm long in two practically full term foetuses) and faurly straight
y

1t remams of approntmately the same width or broadens gradually, as 1t
passes to 1ts termination  Schneider (1937) gives some references to htér;\tu
on anomahes of the channel "

an} }ﬁ\ ;nienm- vena cava 1s not a very wide vessel at its entry 1nto the Iner,
ccessory hepatic vemns which 1t recenves before it umtes with the

right hepatic vein are too smalt t
el hepats 0 cause any sigmficant increase 1n the calibre
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Fi —
_yunclt?nnxi;’ “mlil:lrl:nim foctuls/ sanlborn Longitudinal section (top of fig crannal bottom caudal) across
Junction of wm forr:cr‘ f::o i h:x‘:;l dl;\(;(l:s ;}e‘nosus DV to show smooth muscle sphincter closing the
ote e N
Trese belons o o ver ot the lauter  Note th erve Just above the sphincter and the vasculanity of the

(v) THI INFERIOR CAVAL CHANNEL AND ITS
TERMINAL BITURCATION

In Man the mferior cnval chinnel 1s very short At 1ts beginning, te
after the inferior vena cava has united with the hepatic vems and the ductus
venosus, 1t 18 very much wider than the abdominal vena cua, eg 1t wis
well over twice as wide 1n one practically full-term foetus  This increase 1n
calibre 1s not usunlly shown 1n diagrams of the foetal cardiovascular svstem

11G 153 —bame subject asin fig 152 Out
line drawing from fig 2 in Ztegenspeck (1905)
showng view towards apex of heart resealed
by cut along interrupted hne in fiz 15

Fic 152 —Newborn child 54 cm long  OQuthne
drawing from fig 1 in Zicgenspeck (1905) showmg
caudal view of part of heart etc The mterrupted
line shows the Iine of section for the production of
fig 153 Ongmnal legend 7 nfertor vena cava
with imbus Vieussenu [crista dnvidens] ard valve of
foramen ovale {free or apposable portion of iia

sinistra] 2 coronmary sinus 3 3 3 pulmonary
vems 4 pulmonary artery and ductus artersosus

Onginal legend 7 infertor vena cava [infertor
ctval channel] septum atriorum and himbus
Vieussenu [cristadnidens] 3 Lustachinsahe
{free portion of viadextra] 4 1alve of foramen
ovale [free or apposable portion of via sinistra]

5 recess remains of sinus venosus 6 right
ostium venosum 7 left ostum yenosum

8 bulbus arteriosus ~ g pulmonary artery
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Within the heatt the channel bifurcates,
on a well marhed cnsta dwidens (figs

152-154) W0 left and mght terminal
drvisions, of viae Sist et destra  To
expose the tnsta duwadens, one needs only
10 semore the mfenor vena cava com

pletely, as1n the case depictedin fig 154

12 doing so, ofie must e careful not to cut
the pars libera v1ze dexirae { © Custachuan
vale”) which af large and somewhat
slach may hwe prolapsed back to some
extent, pust mortem nto the vena cava

The view bas previoush been expressed
{eg by Retzws 1835) that the nfenor
caval channel anchines somewhat to the
left, personal findings are not & afable
Because 1t has not been possible from 2
hmited number of specimens, ta devote
a sertes to scrthng this particular pomt

Zsegenspech, to whose accounts (1884
1905) the reader 15 specially referred,

wok great care in the fivation of s specimens,

leftward inchnation of the wferior caval

SUP VENA

VENA CAVA
Fic 15y —Human foctus >

tem

tion
Been (155 Vren tonards apen of beart ot
removal of pats of nght snd 1ok sere A 25"

33 *f tema cava
i venn ema mfenor
upent rca abchann b5 V1a simistra fully open

‘The “foramen ovale® and
‘valie” and the post natal closure
of the channel hate been the subject
of mam publications, among which
one may mention particularh those
of Ziegenspech of Patten and his
calleagues and of Keen (1942) The
figure ginen by Patten (1931, 27) of
the interior of the left atum at birth
:zaspecm}}ly useful“(lme, for this view

one that 15 seldom portraved
books Keen's figures mg: ven clelar:'
and mstructne and well worth atten-

AP

1o sg3~—Human foetus 8} wonths
Caudal view of heart and part of Jungs o
show crsta dnmdens €D _or dinid ng ndee
of wfenor ca al channel Infens £ vena envd
staelf enturely remorved  RA Lol nohtand
lefiattin R LT rightandleft emncles

4P partof free or apposable portion of via
swmustra  Scale tn em

and he certanly showed

channel 1 his figure {fig’ 133 of the
prc;ent book) It 1s ako apparcnt
m fig

chin book) of the paper by Keen (1942)

1 (fig 133 of the present

(v) THE VIA SINISTRA AND

IT5 PARS LIBLRA

us

375 of hear o The v1a simistra s relatn ely shorter
u; the human subject than 1 foetuses
of many lower animals, and the pars
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Fig —~]
JunChonl(s); uml-llal.ll‘?;:?\?ems stiltborn  Lonmitudinal section (top of fig cranal bottom caudal) across
entry from the former into the Ia;’e‘s d‘!l\C:;‘S \enosus D] toshon smooth musele sphimeter closing the
tissue below and to the left of 1t~ Seale 1 :nme nenve just above the sphincter and the vasculanty of the

(v) THE INFERIOR CAVAL CHANNLL AND ITS
TERMINAL BIFURCATION

In Man the wnferior cwval channel 1s very short At ats beginming, 1¢
after the inferior vena cava has umited with the hepatic veins and the ductus
venosus, 1t 1s very much wider than the abdominal vena cava, eg 1t was
well over twice as wide n one practically full-term foetus This ncrease 1n
cahbre 1s not usually shown i dingrams of the foetal cardiovasculr system

FI16 153 —bame subjectasin iy, 152 Out

1%

T1¢ 152 —Newborn child 54 ¢m long  Outline
drawing from fig 1 1n Ziegenspeck (1905) showing
caudal view of part of heart etc The interrupted
Ime shows the lIine of section for the production of
fir 153 Orgmnal legend 1 inferior vena cava
with limbus Vieussenu [crista distdens] ard valve of
foramen ovale [free or apposable portion of via
stistra] 2z coromary sinus 3 3 3 pulmonany
vemns 4 pulmonary artery and ductus arteriosus

line drawing from fig 2 1n Ziegenspeck (1905)
showng view towards apex of heart revealed
by cut along mterrupted lne m fig 152
Original legend 1 infertor vena cava [inferior
caval channel] > septum atriorum and hmbus
\ seussentt [crista dividens] 3 Lustachian vahe
[free portion of viadextra] 4 valieof foramen
orale [free or apposable portion of via sinistra]

§ recess remains of sinusvenosus 6 right
osttum venosum 7 left ostum \enosum

8 bulbus arteniosus 9 pulmonary artery
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Fic 157 —Human foetus st llbomn (not the same one as 1n fig 156) Right and left lateral sternal
dorsal and caudal v ews of thoracic v scera to shov Jobation of ungs (cf figs 158 150) he of heart

tc (Note the ductus arteriosus D A 1s abnormal) Rz R incompletely separate nght apical and
cardiac 1 bes R 3 nght daphragmaticlobe L1 L fused left apical and cardiac lobes
SCC infenor and auperior caval channels R A npht atnum  RT L1 nght and left ventricles
PT pulmonary trunk 1 sorta fd LCCA w snnomunate left common carotid and Yeft
subclavian artenies  Tr trachea O oesophagus Az azygosven Scaleinem

FCom15 225
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ibera 15 of the simple primate-carnivore
type, 1t 1s rather diagrammatically pictured
m fig 156  Personal findings are that the
cornua of the pars libern may be at more
or less the sume level, or the dorsal one
may be somewhat more cramal than the
sternal one The free border varies m 1its
depth of curve according to the positions
of the cornua and the degree of slichness
of the membrane 1tself  The relative length
of the pars libera 1s variable from specimen
to specimen  Towards term the musculature
mn the membrane 1s very apparent, and
presumably 1t contracts ind relaxes at cardiac
rate, as 1t has been shown to do in the limb

Fic
Semi d

156 —Human foetus

raning of
of heart to show the free or apposable
portton AP of the via sinistrn and its

,shllbom

The pars libera 1s 1n special relation to the
entry of the pulmonary venous drunage
from the upper two lobes of the nght lung

intimate relation to the openung of P r

the nght cranial pulmonapy, ven  Parts  (S€€ section x below)

of the left sentncle LV left atrum

LA and left lung LL removed

ICCd u:!fenor cg\ald cham‘iel Cl‘,D (vu) THE VIA DENTRA AND ITS
costa dnidens or diiding ndge 2

nght caudal pulmonary tgm g]’ 3 left PARS LIBLRA

cramal pulmonary vein P ¢ left caudal
pulmonary vein The arrows indrcate
approuumate directions of bload streams
of Prand P. Scalenem

In Man the presence of a pars libera viae
dextrae (the * Lustachian valve ) makes for
a more precise definition of the termination
of the via dextra  For the free border of the “valve” 1s obviously one
lmit and the crista mterventens 1nother It 15 generally accepted that the
membrane 1s not fenestrated before birth, on the other hand, 1ts degree of
development varies from foetus to foetus (cf Keen, 1942, 108) About 1ts
function there are many hypotheses, but none of them 1s supported by any
satisfactory evidence  One’ that has been popular for about two centuries 1s
that the membrane directs the inferior caval stream towards the “ foramen
ovale” If 1t does ever do so, 1t cn only be because of a rise of pressurc 1n
the right atrium, and such 1 rise of pressure could effect the same result mthoutl
the membrane being present  Actually, any directing of the mfenor enva
stream to the left 1s more likely to result from the mclintion of the nferror

caval channel itself

(vmn) THE CORONARY SINUS AND THL THEBESIAN VALVE

In the normal human heart the coronary sinus 1s the channel for the C’lrdl;llc
venous return only , it does not, m addition, carry the Inrger part of t ?
azygos venous return, s 1n the limb and smmular ammals  In 2 7cncs ‘;I
100 post-natal subjects, Gruber (1864) found the Thcblesmfn valve \;ea
developed m 88, rudimentary in 7, and wantmmg m 5 Its function 1

matter of surmise
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associable with the extreme
shortness of the thoraac
mferior sena ema  The

three lobes are largely
separate, 1 one specimen 3
almost completely so {fg

S
158} On the left side there 7
xss :)norc or less complete
fuston between what would
be the apieal and cardiac [\ obara baty  Outtine deawines of fungs from
Tohes of lower ammals, but  prechschmidt 1935) firs & and 5 The nght lung 1 simost
3 mot uouewel o get el gt el K riy U MR
artial indreation of the 3501 2% "and cardue labes  the daphragmanc Jobe
imuts of the two masses L3 sppears to be complerely separate or peasly so

sec, ¢g, figs 1,8, 1
(I‘hé lef% ;pf:l cubm-carad?z)xc portion 15 more or less well scfzmtcd from the
part cotresponding to the diaphragmatic lobe of lower animals

There are four pulmonary vem entries namels nght and left cranal and

caudal (hg 155} The nght crantal entry 15 for the vems draimng the nght
apical and card’xac lobes, the right and left caudal entries for the vemns draming
the nght and left daphragmatic lobes respectively, and the left cranal entry
for the veins draning the more or less fused left cardiac and apical lobes
The nght cramal entry 18 m close relation to the pars hbera viac sinistrae,
re the human foetus 15 similar i this respect ta ather foetuses (Crankha,
Amoroso Barclay and Prichard, 1942)

{xt} THE SUPLRIOR CAVAL CHANNFL AND ITS RELATION TO THE V14
DEXTRA, THE CRISTA INTERVENILNS

Exceptonally 10 Man  the supenor eaval channel may be n
through arrest of the normal development of this part of tixe ur:oug ‘;fllt?n!xc
A human foetus possessed in this wav, of right and left channels was desertbed
ll;y( Haims (1922 ) who sasd that the Thebesiin value, at the apcmng of the
:“ ;Es\l;;:x:n::ae\;a‘s lorger than normat®  More cxceptional than hilatera
i avae 13 a supertor caval vabve such 2s was deseribed by Turner

rc\\:tk)i:‘ !(hgze are g\o supenor caval channels, st ss the fight one that 15 1
relatior os e nal extra and the termunal part of the left onc teplaces th
coron: 3 ca‘?:ls N n tixe more normal subject the Junction of 3!(3 S1D, )e
Py he:ea;r;e‘hand df‘ie via dextsa s the crista micrveniens Ogne
e conficting views that hay .
Lower n 1669 first described hyg ¢ tubercle, ' 'mft b;:: rrr);?hi}x‘cegt on o
e on a
“mmc\l: ’p:n;zd;(u;x‘z, ;r;‘;c:g:‘:u:‘ o the genersh2anon { 1n the cases I have &
that he made later m the same er‘: (‘f’ ey Ty el by sbaemee e e

I a Thebes;
P B gk arns 39 2 b)) Acqual) o wan valse )
supetor emme :;i\:ng before noted the presence of the vape ] OTUPEr (1865 65 see aloo hus

salse 1n same post natal cases of bilatera)
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(ix) THE HLART

The humn bemng
1s one of a reltively
small number of
mammals 1 which
the apex of the heart
lies well to the left
of the sternal md
line (fig 157), both
ventricles may be

F16 158 —Human foetus sullborn (same one 2s 1n fig 156) Right concerned 1 ats for-
:;:d }cﬁ lmer:ﬂ\m\zfsi of lun;:s . '1;|here x}s1 much grc}:;ler separation thanan  mation, thOllgh this

e last specimen (fig 157) of the nght apical Ri and nght cardiac
R2 lobes Other lettenngasin fig 157 Scale mn em ts more commonly
ascribed to  the left

ventricle alone! In 4 sertes of foet1l and mmmediately post-natal hearts,
Keen (1942) found that the ventricles took an equal share i forming
the apex and were alike i the thickness of theirr muscle walls 1 cross
sections (sce his fig 5), made half-way between the atrio-ventriculr groove
and the apey, and also nearer the apex  * Most observers,” he wrote, “are
agreed that the capacities of the two ventricles in the foetal mammal are the
same and that the night and left ventricles muntain equal pressures and
expel equal quantities of blood ” Actually, the only part of this statement
that has been proved for the normal foetus s the equaltty of pressures, which
was demonstrated by Hamilton, Woodbury and Woods (1937) 1n dogs and
rabbits , indirect evidence 1s present 1n the Nuffield Institute records of foctal
lambs, for contrast medium does not pass into the first part of the norta from
the patent ductus arteniosus, or vice versa  One can scarcely nccept Pohlman’s
measurements of the capactties of the foetal pig’s ventricles, as Keen does,
unless one 1s prepared also to accept the rest of Pohlman’s worh on the same
ammals  Finally, there 1s no direct evidence available as to the outputs of
the two ventricles 1n the foetus It may be possible to obtun such evidence
by the use of Thermostromuhrs but, until 1t 1s so obtaned, opimons should
continue to be distinguished from facts

(x}) THE LOBATION OF THE LUNGS THE PULMONARY VEINS AND
THE RELATIONS OF THLIR OPENINGS TO THL VIA SINISTRA
(figs 156-159)

In all the specimens personally examined there are three lobes on the nght
side, absence of the intermediate lobe of lower ammals bemng, presumnbly,

1 ase 1n which the apex was bifid (as 1t normally is 10 the dugong,  se« Home
1823A?I'ixcxeg;oln\?l SI‘:E L Carus andpono 1843 fig III) was described by Thomas Bartholhn
(1654 Cent I Hist LXVIL pp 117-18) Chnistophorus Gide  he wrote narravit mihs
in Norwegia pndem 3 s¢ visum latronem qui peenas scelcrum luebat Quun;_ extentaretur &
carmifice cor habuisse singulans figura mucrone non acuto ut ficn solet sed bu fo ut d;slr:ntcn
ventriculi manifestrus externa facie apparucrint dexter nempe & sinister intenjecto hiatu ater

cases are referred to by Walmsley (1929 2.)
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(xu) THE PULVMONARY TRUNK, DUCTUS ARTLRIOSUS, AND AORTA

d the vessels which 1t
The vast Lterature upon the du(}:]tus a?e:x:’:cussc:: be Tound. m the papers
joins will not be quogd aIttar}\]) ﬁggge g refere necs &un | n
cally mentione: sho ] s
;l:;f;‘?equ)lre modification hﬂbel andtg;e;ﬁi :Tf‘,: :l‘ sg‘r‘::lfuturc date, cinerwho
e n
grai!‘):r(ctﬁ::ux(z:aecsr}));::;:a‘pgs;;ﬂs one can consult Nobach and Rehman (1941)
and, 1n respect of a particular pownt, Jager and Wollenman (1942, 599) 1 l‘xc
targe cahbre of the ductus was noted by Jean Mery and others over two
centuries ago, Nobach and Rehman said that 1t was equil to, or grc-ltlcr
than, that of the pulmonary artery, aortic arch, or descending aorth r;
93 p‘er cent of Jager and Wollenman s spectmens the channel w nsyc\lmdnca
In cross section  Its course 1s best understood by refercnee to Nobach and
Rehmans fig 12 1f one adds their note that the channel bulges markedly
to the left (this bulge 1s not of course, seen in the fig) st unites with the
aorta sterno laterally about 1 cm distal to the ongin of thg left subcluin
actery  Strassmann (18g4) clumed that the “party-wall’ at the umeon
of the two vessels acts as a sort of valve and closes the ductus when the aoruc
pressure nses after bith  Wells (1908) and Swensson (1939} mentioned
some of the earlier support and opposition accorded, after 1894 to Strissmann s
concept Hamuilton, Woodbury and Woods (1237) who considered that the
ductus arteriosus was functionally closed in

e rabbit and dog by such a
‘valve, admtted its absence 1 the buman subject  Nobach and Rehman

sard 1t does not exsst, but thes reported the presence of a transverse ndge,
sttuated about half-wav between the pulmonary and aortic ends of the ductus,
m ahout 2y per cent of their specimens  The nidge 1s depicted 1n their

fig 12 1t lies on the caudal aspect of the channel and according to Noback
and Rehman &,19) may occlude as much as half of the lumen ~ One would
parucularly ke to determine by means of cineradiography, if the ndge 1s
present n the lning state  Apant from this feature (which 1s stated to be
present mn only 1 10 4 speamens), one may say that the macroscopic appear-
ance of the ductus 1n mature human foetuses ts very simlar to that found 1
a side range of ammals personally studied , indeed, the man pont 1 which
differences occur between genera would appear to be the acutencss of the
angle at which the ductus and aorta umte and ths dnergence 1s not, one
\\ot\x:k\ n:i\agme, aSmaner of any great stgmificance '
ccording to Swensson (1939) Langer (18

57) was the first to recognize
thﬁ }}lllstologlcal differences between the ductus arteriosus and the \egsscls
:; ich 1t untes  Jore recently, 1t has become customary to speak of the
a:Ctt)upr C:;s“a t)‘lpxtcall) muscu(lar artery, and of the pulmonary trunk and norta

) elastic artenes (see eg  Costa, 19 ©0)  Accounts of th
seopical structure agree 1n some points a i thers the guero-
nd disagree 1n others the d

ment may be due to \nd\\lduasJ variat b Jasorond
Wollenman "voo 1ations between specimens (Jager and
" R.d,og,,phcg;‘ld ) o: :‘0 the diffrent levels of section The account which
i s
Stal 1939 snd by Stemberg ebal agpy > IO hare recently been described by Donovan

tal 1939
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sve few of the more recent ones Tandle
(1913) pomnted out that nether n the
foetus nor 1 the adult do the aves of the
venae cavae form 1 straight line, but the
bend sternally to form 1 blunt angle 1t their
meeting pont (fig 160), the angle disippears
if one opens the pericardium carelessly The
tubercle 1s not, however, merely the angle
between the venae cavae but also the site of
a more or less strongly developed, transierse
bundle of muscle fibres, the fasciculus Loweri,
the adipose tissue, described by Henle, 1s also
visible  both macro- and microscopically
Walmsley (1929) recognized the exstence of
the swelling "but noted that 1t 1s much less
strongly developed 1n Man than in pronograde
animals  The angle of junction, he sud, 1s
about 140° 1n Man and the anthropoids,
many other mammals, and 1n the humin
g Fte 160 —Human subject | Quiline foetus, 1t 1s about 100°
C';‘,‘;:,’s‘,‘f,n’;’,’;p';};f,;‘,‘f,',fro(f"ﬁ.?gt fig 32 Personal findings have been 1s follows
etc the mmjection was made with the  The crist1 interveniens 1s defintely not so
pencarhu ntact 1n grder to presens prominent 1n the human foetus as n those
(tubercle or torus of Lower) 7PC  of many lower immnls, and part of the buige
SHE ofenor and superior vemae  seems to be due, at least mn some cases, 10
Lower interrupted fme openng of an underlymng pulmonary sem (the one
tnbutany semnto IVC Sealem em  draining the right aprcal and cardiac lobes)*,
a sumilar finding has been made wn some
other species Viewed from the cramial aspect the edge of the crista
1s seen to be curved, with its concavity facing well over to the night of
the sternal mid-lme  One tmagnes that the supertor caval blood 1s directed
somewhat sternally and somewhat to the right by the disposition of the
supertor caval channel as a whole Because the apes of the human heart
1s well to the left of the sternum and the crista interveniens faces some
what to the right, this ridge and the crista dividens are much more 1 hne
(viewed from the cranial aspect) than the corresponding structures in many
other foetuses , there 1s, however, no need to confuse the two, 1s some writers

appear to do
This note al

bout the crista mnterveniens 1s purposely brief, for personal
findings are as yet too few for any fuller stitement One hopes that 1t may
be possible, at some future date, to produce a more extended account of the
ndge and of 1ts anatomical and functional relations to other structures At
present one can certainly not pretend to have settled all the disputes of nearly

three centuries
1 d 1713 IL In the nght [Auncle] at the meeting of the Cavas
15 ar;ﬂéﬁnl:::ilcs gﬁeielrgrﬁe(rcilim ﬁo)\\crx this 15 chiefly rais d by the succumbent Pulmenary

PRI T AV
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the souma Von Hayeh (1935) attempted to go beyond mere el 28
~anous planes, and to produce a picture of the musculature of the vessel as
awhole Fxternal to the internal elastic membrane, he satd, are two conts of
smooth muscle , m both the fibres form sets of helicord spirals (see footnotes
1n section 1 above) with opposite windings , the pitch of the spirls 1s less in
the outer liver which therefore approximates more to & arcular musculature,
and greater 1n the nner lnver, which therefore approximates mare to 1 longi-
tudinal musculature  In the dilated ductus the approvimation to crreular 1s
increased, 1 the cantracted ductus that to longitudinal The result of the
helicond. arrangement 1s that the muscle fibres neea not shorten ¢eessuely
1 order to produce obliteration of the lumen (sce the exphinatory dragrams
m the first part of von Hayeh s paper)  The pulmonary trunk, ductus, and
aorta (von Hayeh added) arc presumably subject to sumlar arcultory \nﬂuence,s
during development so the ductus provides an exception to Benminghoft’s
geperalizatron about the structuse of blood vessels being a response to such
f , the al arr of the ductus, 1n von Hayehs
words, must be * ortsgemass” rather than “Lreslaufgemass ”  Like the
structurally similar umbilical arteries, the ductus 15 prepared for a single
post natal performance and 15 allowed no rehearsals for 1t
ne pomt appears to have escaped von Hayeh s notice, namely, that a
short vessel hike the ductus equipped with powerful, hehicowdally arrwnged
musculature moust—one wmagtnes—tend to decrease tn length as well as
lumen when that musculature contracts provided the attachments of the
vessel wre sufficiently yielding  Itis the present wnters” opinton that the ductus
does 1n fact so shorten 1n the lamb, but sausfactory objectrve evidence, obtained
before and after closure in one and the same amimal, seems to be w anting On
the other hand, the impression appears to be shared by Barcroft (1938, a, 79
fig_30) and by Boyd {personal communication} as a result of mcasurcmcmslu;
dlfﬁ_rc{:t fb;llt compa;at;}le, dt‘m:tuses or newborn ammals
the full story of the ductus musculature still re
the 1nnenation of the channel 1s not less 1ncompllcxgmml;‘;):fsb(cn;og'azt? of
was not specific to Man and will not therefore, be summarized herc4 M o
may however, be made of the caroud body ke tissue which fo s 2 huge
!‘T‘la:S bc:\\ efi“bth% dugtus and the aorta (1ts appearance in the hun::;s c:;nll;lgg
as picture
Boy ; (personal‘cor::nu;ggzl’o i) the hustologieal character of the cells leads
They recenve therr blood supp’ll%thnmtliuspe? that they are chemo receptors
the aorta, when they persist 1};1to adultehl;'g n;:n:;ln a‘;t erys the ductus, and
;:issome ipecxes they are supphed by the aorta lalf)':'le :;H:uiﬂrt at\'lcast-—-
stated, by the pulmanary artery (Boyd, as before) » as Nomdez

(un) THE ARTERIAL SUPPLY OF
THE HEAD AND ARMNIS
. ABDOMINAL PORTIONS or THE U\lBILlC:\L I\RTEII;{I[I:‘:SINTRA
oth?r t!l;f‘:;u:r\:;;ub)ec\. {he sy rtery of the lamb and
S 18 replaced by the 1nn caroud
left subelavian arterses, but this mnoles (:\T?:;em]g:almcrﬂgzg ca'li?}:ld mld
c onfy

gle brachiocephalic a
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follows 1s the result of an attempt to integrate a few of the more recent descrip-
tions (Melha, 1926, Costa, 1930, 1931, von Hayel, 1935, Swensson, 1939,
Boyd, 1941, Jager and Wollenman, 1942)

It 1s generally agreed that the ductus 1s looser 1n structure, 1nd has more
muscular nd fess elistic tissue, than the aorta or pulmonary trunk  The
ductus consists of 1n 1ntima, ending at a well-defined internal elastic membrane,
a medi1, and an adventitrn  According to Costa (1930), the width of the medsa
at term 1s 1bout the same 1n the ductus and the aorta, the intima, on the other
hand, 1s about one-third as wide s the medin 1n the ductus, and about one
fifteenth as wide s the medi1 1n the 1orta In 1ddition to beng of great relative
thickness, the mtimaof the ductusvaries constderably inwidth n any given trans-
verse section,1nd 1lso 1n different portionsof the same specimen  The varmtions
are due to protuberances on the inner aspect, and the lumen of the channel
1s cotrespondingly uneven The protuberinces vary m number, width, and
length , they arc formed mainly of fine elastic fibres and longitudnal muscle
fibres, with endothelium on their inner 1spect and often some sphtting up
of the internal elistic lamina on their outer aspect How far they are apparent
i a patent ductus 15 not clear, but one cannot help remembering that the
umbtlical arteries are not ridged internally, by similar projections, m the
normal state (Bondi), though they do have irregular luminn in the contracted
staite The elastic fibres of the mtima are sard to connect up with those mn
the corresponding layer of the pulmonary trunk and aorta  According to
Costa, the intima of the ductus contains much mucord substance, a precursor
of the elastic tissue which 1s to be concerned much later in the post-natil
anatomical closure of the channel The media of the pulmonary trunk and
aorta 1s compact 1nd composed of lammnated bundles of dense elistic fibres,
that of the ductus, by contrast, 1s loose 1n structure and consists munly of
smooth muscle, with some fine, wavy, and less regularly arranged elastic
fibres  delicate collagen fibres are present imn the imnterstices between the
muscle cells (Costn) and there 1s 1lso some colligen nest to the adventiia
Mucord substance 1s present but to a lesser extent than i the mtma (Cost1)
Therte 1s no external elwstic famma  The 1dventitia 1s not unlihe that of the
pulmonary trunk and aorth, 1t contuns collagen, some elstic fibres, and 1
few or no smooth muscle fibres There are numerous vast vasis, and some
of them gne off branches to the outermost part of the medi1, on the whole,
the nutrition of the ductus 1s as well citered for ns that of the aorta

The transttions in structure at the unions of the pulmonary trunk with the
ductus, and of the latter with the aorta, do not appear to have any speiml
bearing upon the functional story, so readers may be referred to Mel ('11,
Costa, Swensson, 1nd Jager ind Wollenman for details  On the other hand,
the musculature of the media and the mnervation of the ductus do require
further consideration  Melka described the media as contuning three 14 crg
of muscle Costa sud that the mner two-thirds of the medr are occupie
by 1 circular muscle layer separated sharply, though not by elastic or connectry (;:
tissue, from a more external oblique or’ longitudinal hye‘; .‘);\htnsssg j;u\ !
that the longitudinil musculature 1s especially concentrated on kc csllnevt M
the aorts, where it alternates with circubr muscle , 1t 1s very marhe



CHAPTER N\
The Conrse of the Blood Flow m the Human Toetus

er 1o paraflel Chapter IV, a separate Chapter has been allotted to
i:;tg:r‘\ie;ts ab%ut the cour};& of the blood fow 1 the human foetus  There
15, however, practically no drect evidence about the ning human subject,
and 1dess based DPoN POt MOTIRM InjEChAnS and measurements arc not 1
satisfactory substitute For such evidence On the other hand, reahizaton
of present agnorance 15 perhaps the necessary prelude and stimulus to
further research, so 1t 1s of use to review the ‘statements found 1n the
fiterature
In 1835 (3s mentioned 1n Chapter 1 above), John Rerd published the results
of injecthion experiments carried out upon three dead foetuses  The injection
for the mferior sena cava was coloured red, that for the supenor vena cna
vellow  In the first foetus (4 months) the superior injection faled to pass,
and the nferior one was small i amount  Some of 1t went nto the nght
atrium but none mto the right sentncle, the bulk went through the via
simstra and filled the whole of the left side of the heart  In the third foctus
(7 months) all the superior njection (and a minute fraction of the infenor
1mjection) went to the right side of the heart, whenee 1t was distributed to the
pulmonars arteries and, via the ductus artenosus to the descending aorta
and 1ts branches  All but a trace of the infenior caval injection, on the other
hand passed to the left side of the heart the first part of the aorta, and the
essels supplying the head and upper extremties  In the second foctus
(full turm) the picture was similar except that there was somesshat greater
admycture of the ted and 1ellow streams . On the bams of this smal number
of post mortem injections Rerd concluded that the blood returmng from the
placenta g‘ass:s ponapally to the head and supenior extrermties, 1nd h
thought that the purposc of the arrangement might be to ensure that thc
br:%n recen e(i d(\c best aerated bloed avatlable e
tegenspech (1go3 415) examined a larg
reported findings 9\&“;}1‘ g?ﬁered from Wolﬂg z esacrrl’t: :rf&f Eiiéoemses and
of the inferior caval channel  Far ta Ziegenspech s specim 2 é ), }“ Tespect
of the channel was always narrower than the et a}\)fi t ens the feft opening
7“"““‘“ 7‘h§‘§9k of intra uterme hife nm\ard% In hus st;ic‘:s b}%\: }t\'mg L1
circuiation {(ib 20 actal
blood fios, b go?n g)\o}:i g)ﬁsixtu;.;:‘%:% 5;1;(;21;131 d:;‘xsxon of the infenor caval
of the schema need not be gnen hete, for sts Erlg e 1) | Afll aceount
imaludates t from the cuteet {see e for 1sregard of certam foetal flows
to adduce further possible crittcisms off,' 1t )éanfd there 15, therefore, no need
gained any wide degree of acceptance ¢ far as one can gather, 1t never
Pattens (1933) post mottem
led tam to favour the idea of a muxim
streams withun the nght atrium

n 2 large of foetuse:
of the wnfenor and superior caval blomsi

tus concept a
ea
n Pt appears to be ruled out of
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other arteries that call for special mention are the umbtlical ones which, 1n the
human foetus as i the foetal lamb, are the large terminal branches of the
descending aort:r  Here only their intr1-abdominal portions will be described,
the extra-tbdominal ones have already been dealt with 1n section 11 above

Macroscopically, the intra-abdominal portions are yellowish red 1 colour,
their walls are more compact than those of the cord arteries (Strawinshs,
1875) The proximal stretches (up to the blidder) are obviously less con-
tractile than the distal ones (from the bladder to the umbilicus), for 1 stillborn
mfants or those which die soon after birth the proimal stretches are patent
and full of unclotted blood, while the distal stretches are contracted and empty
of blood or else contun 1 thread-like clot (Bondi, 1905)  There 1s a gradual
change-over from a typical arternal structure to one approximating to that of
the cord arteries  The thichness of the vessels increases up to just provimal
to the umbilicus, and the musculature at this point 1s wider than anywhere
else mside or outside the sbdomen (Strawinshs)  The internal elastic Tamina
tails off towards the umbilicus, pari passu with the appearance of longitudinal
muscle (Bonds, 1905), or perhaps 1t 1s more correct to say that 1t splits up
to surround this muscle (Kopp, 1937)  The elastic tissue falls off 1n amount,
the muscular tissue increases Towards the umbilicus, also, the adventitin
has less elastic tissue and smooth muscle and fewer vasa vasorum, but s
richer 1n loose, wide-meshed connectrve tissue contuning mucord subst'mc,e
In other words, 1t shows an increasing resemblance to the tissue of Wharton’s
Jelly (Bonds, 1905} There 1s usually one mun nerve to each artery, 1ccording
to Schott (1836, quoted by Goenner, 1906), n the female 1t comes from the
lateral uterine plexus, m the male from the rectal plesus  The trunks and
fibres are non-myelinated, and n some arets form larger or smaller meshes
Sprvack, 1
¢ %o mdch%gg the general picture, for detals one can go to Bondi (1905)
In the prowimal stretches the rterial media contuns circulr muscle bunglcs
and the adventitia longttudinal ones The elastic tissue 1s plenuiful 1\e'itr
where the superior vesical arteries re given off, the main artertes show little
difference 1n structure, the chief one being the appearance 1n places of longi-
tudinal muscle bundles mternal to the circular muscle  When the artenes
are contracted, this longttudinal muscle protrudes into the lumma Inhplnces,
too, the media already shows the loose interfascicular tissue “thd 15 sol
typtcal of the cord arteries  The termunal stretches of the mtlra-n or;ntr;‘ac
vessels are 1n many respects ssmular to the cord arterics  The lumna o o
contracted vessels are almost mvisible and vary 1n shape 1ccordm% to :\ ti
number of projections caused by the inner, longitudimnat muslcull;\tm;jel l\otgge I::
to the longitudinal muscle, etc, re thick circular muscle u:ll ests -
jowned by plentiful connective tissue The adventitia 1s very wide, ll e
gar s composed of 7y oo comncie e and s 7o sl

1solate

‘V!g}e)e‘;ii:::loggg z:)? the musculature mn the distal stretches of the arteries

b lar to that 1n the cord artertes, nd
vas found by von Tn e (1933) xt:) se‘::tsxg:luu above Long before, Hofmnn

ze
Etﬂl}x;l;)a}l;::sclgo::&ra:g%:f rtlhe “ longitudinal ” muscle was spirally arrainged
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foetus to the human
v e el s g e e 00
oetus, V& 7 he has not grasped the func-
to reach the left atrum and shows :hereb’) that he )
Tarther on, he says that Barely
tomal sigificance of the cnsta disudens ] 1o of nfrior
ot sven exact quantatnve figures for the amounts o
ita\::x‘l tﬁm ;'.\ssxgng nght andqleft vespectinely ‘That 1s hteralhy wrue, If!m tlhc
aneradiographie. apparetiis 1§ mot ¢ Stromuhr, on the ather hand, Barclay
1y shown and stated, that the bull of the wfenar
et al hae quie clearly e h It would be
caval flow passes to the left sde of the foetal lamb's heart %0 9
fegatimate to sy that this finding may not be apphicable, wathout morz 1;ccl
authonty, ta the human foetus, but it 15 certanly ncorrect to overnde it m
respect of the sheep foetus
Bonin s own concept of the foetal circulation seems to be born of his ayersion
1o Sabatier s behef that certamn parts of the body are supphied with more
ighty, ovygenated blood than others The new scherna 18 based panthy on
anatommcal measurements (ncluding those of Patten) 1n human foetuses and
artly on espenmental findings (e those of Hamilton, Woodbury and
\aods  Rarclay et sl Windle and Becher) in the hiving foetuses of Jower
ammals  Strangely enough Bomm accepts the course of the supenor caval
flow as demonstrated by Barclay et at and by Wandle and Becher in these
lower forms but rejects their findings, denved from the <ame or similar
evpeniments 1 respect of the mfenor casa) fow  In place of these direct
obsen attons on tnang foctuses of lower amimals, he makes calenlanons from
post mortem measurements 1n human foetuses, and concludes that the inferior
vl flow 15 50 distributed that the nght ventnicular blood 1s gs rich 1 oy gen
as the left ventricular blood  For all that has been proved to the contran,
this may be trye in the human foetus  But companisons of ainerrdiographic
records of living sheep foctuses with even smmediate post mortem measure-
ments 1n the same anumals have many tomes shown how unrelable such
measyrements can be as a ewide 10 the conditions obtaining during ife  So
one may reasonably doubt if post mortem measurements 1n the human foetus
are any more reliable
The extent to which the findings 1n lower anumals cap legitimately be trins-
ferred to Man 15 not altogether easy to assess, but st 15 probably better to
approach the human foetal arculation along these hnes rather )rh;m alo
those travelled by Bomin and 1t 1s dargely for this reason that the aval; br;g
data have been collected together in the earher Ch spters of th boo]\m aOL
the other hand the obvious anatoyical differences * bety xs n
veen the sheep and
goat foetuses and the human subject make 1t desirable to 4 th P
rachographuc studses 1D pr mates which are o ¢l extend the cne-
WNIENSION 18 at present inpracticable but 5t usls edas golisxble o Man Such
Wi‘“ a5 more formyst condons once agan ohas oubtless be considered so
e g oprm
) primate study howeser though it 25 the fatural nest step, 1s not
e SRR o Bt
%

Frankla and Prchard 191 ) appeared only
he af the heas

he enformatian of the &
rt and 5o forth, ' bmgs e length of the postenozfinferior caval channel the
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court by the correspondence of the cristre drvidentes 1n Man and the lamb,
and by the proved tunction of the ridge 1n the latter, 1e that portion of the
iferior caval blood which goes to the left side of the heart must go straight
to that side and not first to the right atrium

Windle and Becher (1940, 424), and Titzgerald and Windle (1942, 162)
made a smll but noteworthy beginmng of a new phase by reporting meidental
observations upon lromg subjects  Windle and Becher opened the umbilical
arterzes 1 a four-months’ foetus and injected Muller fluid mto the umbiltcal
vein in order to fix the central nervous system in situ  The head and arms
turned an oringe colour before any change was tsible 1n the abdomen and
legs The authors considered that this observation, while st was no final
proof, did 1t least suggest that the mferior caval strevm goes directly, at this
stage, to the left side of the heart TIitzgerald and Windle exammned an
anaesthetized, non-narcotized eight-weeks’ foetus while 1t was still in utero
The chorion was mcised to display the specimen and 1t was seen that the
umbzlical vein blood was red mn colour, indicating that the foetus was well
supplied with oxygen from the 1s yet attached placenta

In cases where the vi1 sinistra’ remamns patent or partially patent after
birth and 4 thrombus 1 the mferior caval system becomes dislodged, there
commonly results 1 simultaneous embolism tn both the pulmaenary 1nd systemc
arteril systems (see, ¢ g, Winhelbauer and Urban, 1929) One presumes
that the dislodged clot 1s split by the crista drvidens, part gomng to the left
and part to the night, ind this suggests that i foetal life the inferor
caval stream 1s similarly divided, though not necessarily m the same pro-
portions

Many wnters hnve produced dragrams of the human foetal circulation It
18 necessary to remember that such diagrams are all hypothetical in the sense
that there are 1s yet no direct records, obtauned from living human foetuses,
to serve 1s 1 basis for ther construction  Lven so, many of the figures
could be consideribly 1mproved by adequate attention to known anitomico-
physiological facts which are unlikely to be altered by the findings m
any direct records, eg the cilibre of the pre-hepatic inferior vent C'l\(;
should be depicted as less than that of the post-hepatic mferior cav
channel ;

Bonin (1942), 1 a paper on the foetal circulation and its changes at bith,
gave 1 description of Sabatier’s schema, with evidence for 1t and objections
toit, he then enunciated his own concept, which has 1n the main a morphoi
logical basts  His description of the schema s at variance with the orlx)glm
(177.4) account 1n respect of the calibre of the ductus venosus, for Sabatier
satd that this channel could transmit scarcely one-sixth of the umbtlical venous
flow, while Bonin changes this to the greater part of that flow His fig 1,
also, mncorrectly represents Sabatier’s views about the anatormcal dispositions
of Ithetl?g;ctlon detuling evidence mn fivour of Sabatier’s concept, Bobmn les
the publications made from the Nuffield Institute  In Chapter IV above the

t writers have raised general objections to citation 1long these lhines, so

present « his fie 2, Bonin claims to
some minor comments alone need be added here  In hus fig 2,
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eep foetus to the human
hne applied the Nuffield Inshiwte ﬁn:i \{\gbs]gz%mpt:;: st}lllmrl’xgh the nght stram
foctus yet he mabes the inferior caha by that he has not grasped the func-
to reach the left aigmn and shows tdere ; Tarther on, he says that Barclas
\\ot\?l ;’gmﬁmnce of ‘hfag ’Ztﬁag::x‘at? : figures for thz': amounts of 1nfersor
et al have not gnen ¢ 1y That s literally true, for the
el blood passing mght and left respectnely hand, Barcla
enmaoguphic sppeies s 0t 3 IO 20 (1 U of the aferor
o o s : ‘s heart It would be
caval flow passes to the Ift side of the g}cml Il:“c:tl;lse \\enhout more direct
legitimate to say that this finding may not be apph 3 o orernde 1t 1
authorty t}ol the hur;_mn foetus, but 1t 15 certainly mcorrect to
eep foetus
res};;;cl':x:: 5 :)“e nszlon‘scpt of the foetal circulation seems to be born of hrs aversion
to Sabatier s belief that certam parts of the body are suppled with more
hughly oxygenated blood than others The new schema 1s based partly 03
anatomical measurements (including those of Patten) in hum:lny foetuses
parthy on expenmentz! findings {eg those of Hamlton, Woodbury and
Woody, Barclay et al , Windle and Becher) m the lining foetuses of lower
ammals  Strangely enough Bomn accepts the Course of 'the supersor caval
flow, as demonstrated by Barclay et al and by Windle and Becher in these
lower forms but rejects thewr findings derved from the same or simslar
epenments, 1n respect of the inferor cunal flow  In place of these direct
obserations on living foetuses of lower ammals, he makes calculanons from
Post mortem measurernents 1n human foetuses and concludes that the infenior
caval flow 15 50 distributed that the right ventnicular blood 1s 2s nich 1 oxvgen
as the left ventricular blood ~ For all that has been prozed to the contrary,
this mav be true 1n the human foetus  But compansons of cineradiographic
records of hiving sheep foetuses with even immediate post mortem measure-
ments 1n the same ammals have many times shown how unreliable such
measurements can be 2s a gude to the conditions obtaining durning bfe  So
one may reasonably doubt 1f post mortem measurements 1n the human foetus
are any more rehable
The extent to which the findings in lower animals can legitimately be trans-
fetred to \an 18 not altogether €asy to assess, but 1t 1s probably better to
appraach the human foetal circulation along these lines rather than along
those travelled by Bonin and 1t 1s largely for this reason that the available
“:L‘*o};‘e }f:een collected together 1n the earlier Chapters of this book On
goat h:{us:ﬂd, (llhehob}v‘mus anatormcal differences ® between the sheep and
Tadographie s <, uman subject make 1t desirable to extend the cine-
f\tengcmp studies to primates which are as close as possible to Man  Such
soon asf:n:f 4t present impracticable but 1t wall doubtless be considered so
o re normal conditions once again obtain
2 pomate study however, though 1t 15 the natural next step, 15 not
.
mnn}:;?ﬁ;“ﬁ‘a::f:;::e;( (amoroso Barclay Frankhn and Trichard 1942) appeared only 5
N of e ;r*‘m ::2(:’:?::}0‘::\ of the lun,s the length of the postenorfinferior caval channe] the
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necessarily the final one, for the chief value of the work on lower anmal:
maywell prove to be that a techmuque has been evolvedw hich, mutatis mutands,
will prove surtable for the study of the living human subject It 15, therefore,
pertinent to conclude this Chapter by considering how far such a direct
attach upon the problem 1s both possible and justifiable  In s much, how
ever, as this further research did not suggest wtself as feastble until the text
of this book was nearly complete, the notes which follow are merely preliminany
constderations, unemended as vet n the hght of any direct e\perence on
the part of the writers
Some of the factors which would undoubtedly comphcate 1 human studs
cn be histed as follows
(1) The need for the parents’ consent
2) The necessity for asepsts
3) The mmpossibility of delaying at will (as one can do m ammal expen
ments) the onset of respiration
(4) Dafficulties connected with the cineradiography
(5) Dafficulties connected with the choice of a suitible contrast medium
(6) Dufficultics connected with the technique of mnjection
As the 1bove, and possibly other, fictors are additions to the not mcon
siderable difficulties attaching to the ammal experiments described carlier
this book, 1t 15 necessary to discuss them mn some detul and to see whether
they preclude altogether 1 direct human recording or merely mahe 1t that
much harder to achieve success
(1) The consent of some parents could, presumably, be obtuned if they
could be assured that the recording would be without danger to mother and
child, or if 1t were known 1n advance that the foetus was abnormal (except 1n
respect of its blood-circulatory system) and could not therefore, 1n am
event, survive long after birth” The former of these two possibiities 15 10
large measure contingent upon the avulabiity of a completely mnocuous
contrast medum, and 1t 15 very doubtful (see 5 below) if this condition obtuns
at the moment, though 1t may do so in the future Tor the time bemg,
therefore, studies would probably have to be restricted to foctuses which, 1
respect of 1 system or systems other than the blood-circulatory one, were
abnormal This would not only involve the assessment of the apphicablity
of the results to the normal foetus , 1t would also mean conducting the resetrch
1t 1 large maternity centre, at relatively long intervals, and over many months
Tor foetuses of the type mentioned, which can be dignosed as such before
1rth, are few and far between
b (2), A prelminary survey suggests that asepsis could be attuned, thougl;
1ts attatnment would wneviably be rendered more difficult by the addition o
the cneradiographic recording to the normal conduct of labour
In the expenments upon sheep and goat foetuses, the fict that one
could at will delay the onset of respiration (see Chapter II) extended very
considerably the time during which the blood flow m the newborn foctus
continued to follow 1ts presumed mtra-uterine course  The fact that one
could not so delty the onset of respiration 1n the human foetus means th‘\:
one would, caeterss pirtbus, have to use more subjects to get the same amoun



COURSE Of BLOOD TLOW IN HUMAN rOLTUS 237

of mformation  For, with the onset of respiratian, some af dl\c mech'mgs‘r‘x‘lz
effecting the change-over fror‘n the pre nat1l to the post-natal course o
blood flow are set into action

{4) The difficulties which would attach to cineracdiographuc recording }3
2 labour ward need not all be hsted here 1t suffices to s1y that they woul
be verv considerable but not, so far as one can see insurmountable  Inter
alia, part of the apparatus would have to be hept i the labour ward unul
the whole senes of recordings was complete for 1t would be unposaible 10
bring 1t 1n aftesh each time a surtable case became ay wiable  If the obstet-
nenns were agreeable to this deposit of apparatus in the ward, one would
have to purchase a duplicate set-up for the purpose, but presumably the
necessary, funds could be obtamed 1 s1ew of the considerable scuntific salue
of a successful outcome of the research

{5) The dfficulties connected with the choice of a smtable contrast medium
form one of the chief stumbhog blacks 1f, indeed, not the chief one of all
For, unless one can find a perfectly innocuous but at the same time cffecne
medium one will not be justified m recording the blood flow 1n normal human
foctuses (see 1 abore)  As may be remembered the radio opaque subst ince
used 1n almost all the later esperniments upon sheep and gott foetuses was
35 per cent perabrodil (diodrast) It was chosen becise of 1ts generl
tach of untoward effects and beeause of its rapid clearance from the blood,
whien meant that injections could be repeated at short wtenals of, cg,
fine minutes thus permuttng one to determipe the approumate times of
fonenonal closure of the various special blood channels A small number
of human bemngs, however are over-sensitise to njections of diodrast and
m 666 8oo admunistrations there were 10 immediate deaths 1€ a mortahny
of ooo1s per cent (Pendergrass et al, 1942) Whale there are tests for
over sensitivity to the medwm (see eg  Archer ind Hains, 1942, Robins
1942) they are not such as can be applied 10 the newborn chifd 1f one 15 to
secure tmmediate Lneradiographic records  And while a mortality of the
low order mentioned maght nat preclude the use of 3 therapeanc agent,
would contra indicate injections of perabrodil into healthy fu fg e
when the sole object of the myections was to ass o octuses

1St N mncreasing scientific

knowledge of the normal So 1t ss syl necessary to find or to sel
innocuous contrast medum which by allow 1ng ofe to study h ol ic ect, an
than shoormal foetuses would enormously skiort, h b healthy rather
for the rescarch and would male 3t unne)ces en the toul tme required
of the results Sary 10 assess the applicabiluy

{6) Injections nto the mfersor
foetus \\me\d have their awn spccfz\!\’dmsr‘;p?mr emal systems of the human

plitations not

ments upon lambs and kids So far a9 the 1nfector canal
concerned the first complication would be that the jen o pnjsLtions were

¥ It 15 assumed throughout this discussio;

gth of cord available
e e thioughout 1 n that the course of the blood fiow recorded s saon
DUME M vigour and pul)
oo sentical i e mans mesing S LIRS
The susnincatios Tom the expenments on Jambs (see Chnplec! ‘R
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was less than the full Jength* This would apply not only to deliveries per
vias naturales, but also to those by Caesarean section, for in these latter a
considerable length of the cord would be taken up before 1t hid cleared the
abdomen of the mother, who would be lymng 1n the supine position and could
not, as 1n the ovine experiments, be turned over on to her side  The second
complication would result from the fact that, while there are two vens n
the lamb’s cord, in the human cord there 1s only one So mjections into
the human umbilical vemn would have to be made through a needle appre-
ciably narrower than the vessel itself m order not to mterfere at ali serioush
with the return of blood from the placent: In addition, subsequent
haemorrhage from, or contraction of, this vein would have to be mummal
It should not, however, be impossible for 1 careful and experienced person to
ensure <l this  The superior cval injection, on the other hand, would pre-
sumably have to be made through the anterior fontanelle or to a jugular
vemn, the former route presents certan practical dangers which incline one
to avoid 1t, and even the Iatter route 1s not one to be used lightheartedly by
an unshilled person

Irom the above analysts, 1t appears that 1t would be very difficult, but not
mmpossible, to secure cmneridiogriphic records of the foetal blood flow (nd
of the immeditely post-natal changes) mn the human subject, but that the
human studies should properly be preceded by primate oncs, and that
success would be matenlly hastened by the discovery of 1 perfectly innocuous
contrast medium

So soon 1s normal buman records have been secured and analysed, the
true story can be published and illustrated, and the hypotheses nd indrrect
evidence ot the last three hundred years can be swept vy With such an
outcome 1s 1 posstbility, there 1s certanly no lack of incentrve to furthut'
effort, and one may reasonably suppose that this final study will, in the no
too far distant future, be attempted

cry was by Caesarean section and the
m(‘)tggrsm\fc‘:px":)rllli:‘; Z?c;‘iintiaﬁxl;?ra:ddc:,gftnz‘g:l‘: c‘xi':h‘lh:yfull lcn}g,th was mardable  This \;\::
only facilitated the proper positioning of the foetus on rhscb;':cfvz’rg::g“'l‘l:‘zg;ratus 1t also me:
th:’“ Iiléfu:ll";bllltlcn:ld‘n?;tcfuclﬁ?g:: \‘;gﬁdaxsnaacr‘l:;sz!\l;::ebacsa‘l)l?)s“xcd to rccoer the blood flow fboe‘lus(ts
delivered by Caesarean scction partlv because of the greater danger 1f asepsis “tmlntol: a ;:duu;t
partly because of the mechanical difficulty involved in combining cineradiography with the

of an abdominal operation
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Certam Features of Human Brth

IT 1» unnecessary to give here 3 full account of human birth, but 1t 1s of
nterest to describe two particular features of 1, for they finh up with what
has gone before and with what 15 to follow

() THC DIVISION OF THE UMBILICAL CORD

Very evceptionally yn Man (chiefly primtive Man), the nfant may retamn
for a while after birth 1ts attachment to the placenta Normalhy, honerer,
the umbihcal cord 18 ruptured or dinded before the completion of the third
stage of labour  Rupture 15 comparatnely rare and 15 usually the result of
precipuate bith  the breaking, stram of the cord 1s veached through the
sudden, heavy pull upon 1t These cases, manv of which come within the
sphere of medical yunsprudence (Hofmann 1677, Bayer, 1900) rermnd one,
1n 0 far as the strmn on the cord 15 concerned of the rupture occurning 1n
animals such as the calf and fosl  Commonh, however, the humon cord 1s
divided by the agencs of asustoms and the pomts of interest are the means
employed and whethcr or not divsion 1s ‘preceded by hgation

The ways 1n which more primityy € peoples deal with the cord were described
by Engelmann (1883), Ploss and Bartels (1897, 1908), and Rothrock (1939} ?
In 2 number of cases the procedure emfdo;ed results 1n a mechanieal stimula
non of the ends of the dwnded sesse

5, it s therefore analogous 1o what
occurs t certatn lower mammals  Some races ot tribes divide the cord directly

the chuld 1s born others wait for twenty to thirty minutes and then diide
1t whether or not the placenta has yet been delnered, others agan wait until
the placenta 1s out  ‘The divsion s effected by relately blunt but never-
theless cutung, mstraments (ordmary hnnves, the edges of palm leaf stems
sharp fragments of vessels ot shells, bamboo sphaters) or by gonding the
cord between stones or by biting through 1t Such crude methods are
better calculated than a clean cut with a really sharp mstrument to prevent
subsequent haemorshage, but further precautions are taken by some folk,
¢g the application of stypncs {ash powdered charcoal vinegar chewed up
vegetable pulp) to the cut end or the smgeing of 1t 1 a flame, or 1ts cautert .
tion by means of red hot stones or animal banes Only 3 very few 12:;~
practse ligation of the cord with vegetable fibres or threads, or t . Lpeop o
s free end or twist the child round several times y o o

vessels to effect torsion of the
When as among the alder el

1t becam t
cord with a sharp knife or sussors the my pr

mechameal stimulation

'rice (3944) and
spondence Which was relesant 1o ?htl surl‘uec((:h:;te

adequate corporation
mto the text
2nd subsequent stems * Tho ¢ e

1 to dnvide the
to the ends of
tran {1944} Thes formed

this gection but which np;:sr;:: t(r];; ahct:r?
ested are seferred to By med ¥ 1944 1 77m
239



240 THE I'OETAL CIRCULATION

the drided vessels was dunimished Hence there was ncreased danger of
haemorrhage from them and hgation of the cord became a routine practice
which has continued, with certun exceptions, to the present day  There 1s,
however, a fair amount of evidence to show that the danger of haemorrhage
from unhgated cords 1s not so great as 1s generally supposed, and that ligation
15 necessary for the protection of 2 minority, rather than for that of the majonty,
of newborn children  According to Hofmann (1877), Ziermann and Wolfart
carrted out 1,500 deliveries i Berhn, in the early part of the nmeteenth
century, without tymng the cord ] Y Simpson (quoted by Tart, 1876}
rightly or wrongly correlated the closure of the umbilical vessels with the
onset of an active pulmonary respiration, and wrote, * Hence various prac-
titloners h1ve gone so far as to aver that 1t 1s unnecessary, as a general rule,
to place 1 ligature upon the foetal extremity of the cut umbihcal cord if the
cord be not tied till the child has cried loudly” Seitz (quoted by Rech,
1925, from Winkel, 19o4), also, stated that untied cords usually do not bleed
But eusily the most strihing evidence 1s contamned m a brief paper by Rach-
manow (1914), who was convinced by the structure of the cord vessels
Man and lower wnmals that ligatton was unnecessary, and thereafter pro-
ceeded to demonstrate the fact in several thousind confinements m 1 State
Materntty Hospital in Moscow ~ As a result of five years® expertence m over
16,000 confinements he concluded

t That non-ligition of the cord 1s a natural procedure and should be
practised mn all normal births of mature foetuses ,

2 That 1t 1s not dangerous,

3 That 1t leads to better cicatrizition of the umbilicus, and

4 That hgation 1s a therapeutic measure and must be reserved for patho-f
logical and exceptional cases (these formed between 10 and 20 per cent o
the series described 1n the paper)

The detuls of the technique employed are worth the itention of practising
obstetricians but need not be quoted here  One ought, however, to m?uxﬁ'e
why 1 procedure, so firmly based upon the physiological properties o tbe
cord vessels, has not been more unmersally adopted The answer m1y dc
erther that the literature upon the contractility of the divided, but unllg;te X
vessels 1s not generilly known, or else that the advantages of abstuming from
ligation have not been regirded as adequate justification for a dep1rtured Tom
the usual practice  If, however, abstentson from ligatron reduces the lmcx e!ncc']e
of umbilical nfection to the extent that Price (1944) Ins recentl) sta‘e y
there may be a prima facie case for a re-investigation of the \\h? 3 ma(uex[-l
Should non-ligation be advocated tn the light of the findings rgmn? cm
further study, one would still have to decide if 1t shou]t}l be pr;lgt{)se (:en)dcd
institutions, where adequate surveillance 1s possible, or if 1t could be e

tion, At least, of non-institutional births  All that, however, 1s
tOb'l prgsiofror the evpert, and the present writers hve fulfilled therr tash when
?he;sll;;\e drawn the reader’s attention to the literature and to the problems

arising out of 1t
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{u) THF ONSET OF PULAIONARY RLSPIRATION N THE
NEWBORY INTANT

Barcroft %942) was apparently, the first to descnbe different {m\cms
which may be noted duning the newborn infant's first essaya 1N puimonany
respration He hsted three which he cafled the gasp the swngle prolonged
wspiratton, and the rhythm respeatn ety , the first ond second of these are
aseocsated with the occurrence of cyanosis dunng brth ?

The gasp 1s the first ype of rsspmuori morement which has been obsendd
duning the mira-utenne deselopment of lower antmals, and 1n them 1t replices
am type which 55 developed later, provided the bran 15 trinsected at n
a{x\){pmprme level? The inference 15 that gasping occurs m the newborn
wfant when the hugher centres are put out of action by asphya, leaving the
meduft 1n command of the functiomng central nersous system  This type of
respiration 15 best and most often seent 1n the nfant born with white asphvaa
on account of tentorial tears and cerebral haemorrhage

The sccond type of movement namely the long drawn-out respiration,
has no observed paraliel n the early mtra-uterme devclopment of Jower
anmals and has not been looked for i the more mature foetuses of such
anals® It wos assocated 1n Bareroft’s human serres with a Jower degree
of cyanosts than was the gasgmg type
q'};}l;);hxﬁis ;\cgi r;annc\:l‘z o; l?iv.:\m\u:\ ‘\;]t;pl(l']allon,d 15 assoctated with absence of
Shamos ppear to be dependent upon functionaf integrty
of pontine tegion and almost certanly of cven higher parts of the bran

5; ﬁ:e:}‘, ;::stt\ g;q:‘?a‘lllvt‘;)‘em: infant which has ;:\genenced an east delneny
patterns observed by Lummi:ny(lgzj,,r xgzq.)mm“cmx‘s and ) ot )‘esmra!&son
various levels of functional activty of the centr1! nersous ot\\er m"lmm .
:(&%2 ‘1“ hine d\\gh ﬁmf patterns seen during progressive pols:%fn?imh ?}c ;)m:llc;te:

or and Barcroft 1929) or agh concentrations of carb
croft 1942)  Further they ha on diovide {Bar-
whose h:'nr)ls st “:d"\:n::;t}\mxt\gscazsdur:ng r;suscnauon of pattents
Barcroft concluded s aceount as follouns e‘e,Se s 'k oh, 1939)

mav say that the rype of respiration pattern 1 peoting generally, then, we
of the nervous system at birth that this S contingent upon the seasitnity
anaesthetics or by asphyva the hugher arte bemg e s affected etther by
e fower ones ~ and that the more ngrm i ;mg maore readdy affected than
cathier sespiravion Will appear, and the ma the condition of the brain, the
pattern  while the grecces the degen fon: normal will be the respirato

abolition of function 1n the hxgh&t;(g p:mos ;fs p\};")“‘g the greater will be the
approvimation to gasping m the respiratory ¢ bram, and the greater the

* The acen.ne whach foll pattern
unpublished ollows 13 based on Barcroft
Srosblshed ot made by Me John Srllorshy PR G 8 U rEtons and on ather
? A pre umab) sdchffe Infirmary and
e Y ol e o o v "
. g:l‘" (1873 B) orrhage 38 seen m the adult human

hawerer deses
cssrean St The foerus oe sas soma o1 UAe 8L 39 0 10 morths foal dehsered
ehLere

at {ong intervals + he sad ® oue
Mith sy
e Aty and began breathing deeply



CHAPTER XII

Circulatory Changes Occurring Durng, and Shoitly After, the
Birth of the Infant

THE detailed story of the circulatory changes occurring during the birth of
the lamb (Chapter VI) was mn large measure based upon records, some of
which have not yet been paralleled, and others of which are unlikely to be or
cannot be, in the case of the human subject  The only changes of note which
can actually be seen 1n Man are the slowing down and arrest of the cord
circulation, and the delivery of the placenta Certain additional data have
been collected by other means, but even with these the total 1s far less than
one could wish and 1n respect of 2 number of the birth changes one can only
suggest what most probably happens It 1s quite largely with 2 view to making
such suggestions as rational as possible that Chapters VII, VIII, and IX have
been included  One has, however, constantly to bear wm mind that the post
morlem appearance of a vascular channel may be no real giide to ats precedmng
Junctional state  'This proviso applies particularly to those parts of the cardio

vascular system which are more directly concerned with the change-over
from the foetal to the post-natal conditions, and 1t means that large numbers
of careful measurements Iisted 1n earlier publications may be valueless 1n the
present connection, for they are post mortem findings and cannot be assumed
to be 1dentical with the in vivo measurements ~ With this preliminary warning,
one can proceed to notes about the mdividual changes i the human subject

() CHANGES IN THE HLART RATE

Krafka (1933) gave the ante-natal rate as 134, while Windle (1940, b) sad
that at term it 1s commonly between 130 and 150, with an extreme normal
range of 110 to 180 While one may nccept these figures, they are obviously
nadequate for an understanding of the changes which occur at birth, nd ;n
attempt has, therefore, been made by the present wrters to remedy t l?
defect' In the first place, it should be realized that the estremes of norma
range given by Windle are not due to some foetuses having a tendency t(}
bradycardin and others a tendency to tachycardn  Tor vanations in rgte [
the order quoted above can, and often do, occur 1n one and the same oet;lls
during the stages of tts intra-uterine development They are caused ll’fl tle
main by extra-foetal activity, and may be regarded as changes from the fairhy
steady rate exhibited by the heart while the foetus 1s mactrve and the uteru?
quiescent The extra-foetal actrvity may be of two Linds, namely, norm;l
movement of a neghbourng maternal organ and manipulation by tke
obstetrician  The utermne contractions which occur during the later \l\ee ?
of pregnancy (and more particularly during labour) are typical examples o

1 In making st they have drawn freely upon the wide personal experience of Mr John Stall

worthy FRCS of the Radchffe Infirmary Oxford
24
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the former , they result mn temporary dimmutons of the foctal }‘;c:m r‘lnc
Considerable slowing olso occurs, as a rule, when attempts are face fo lter
the postion of the foetus in utero by abdomnal manipulation of the mother
The slowing occurs with or without anaesthessa, and the heart rate tihes
only a few minutes to Teturn to approumately wts previous level

After bith aceording to hrafha (1933), the heart rate 1 mamtained at
170 10 180 for from 13 to 30 minutes, after which there 15 a slow and gradual
deceleration Windle (1510, b added to hrafha’s statement by saying that
there 15 2 slowing during birth but an acceleration with the onset of respiration
The cause of the slowing 15 uncertain It can oceur before the head 15
engaged, so compression of the head 1 the tarth canal cannat be the explina-
tion, or at least not 1n all cases Among the other possibthties listed by
Windle (1940, b) the one that seem> most 1n accord with the known facts
1 that the heart 15 depressed by a dechne m the oxygen saturation of the
blood during labour, presumably the strong contractions of the uterus,
after rupturc of the membranes interfere with the circulation through the
placenta "The extremt cxample of this 15 seen n the fotus which dies 1n
Wero because the uterus fals to relax as 1t passes nto the state of tonic uternine
contraction  One 1s unwilling to accept the suggestion that the utenine con-
traction. force more blood nto the foetus and that the heart rate falls
accordance with Ma(e{‘s Lew as the blood pressure nises, even though Windle
considers that the full term blood pressure ts hugh enough to evohe cardto-
aortic and carotid sinus reflexes  Tor, in the first place the blood pressurc
nse during human bicth even 1f one accepts Krafka's interpretation of Hasel
i\ﬁrsﬁ s figures (see next section) 1s not over great, and after the imual slowing

e heart accelerates for 1, to 30 minutes as mentioned above before decelerat-
ing gradually It secms more probable that the minal slowing 18 due, as
suggested to cardac depression and that the heart picks up as the cau e of
that depression 15 chminated with the onset of respiration possibly snlgo
gecausc the cardio-accelerator centre 1s Iiberated from the effects of anowun

cfore the cardio mhibitory centre Later with the progressive 1mpros
ment 1n oxvgen supply to the bram, refle<es effecting a slow £ th s
are estabhished  The fact that the sl 115 of the heart
P slowing occurs relatvely later than in the

2mb may be due to the
greater matunty of the famb at birth, ind
%}:a;eer“rl:’\s;:ntgf shtoulttlhco}t]\smml)b be borne 1 mind when one 1510?1?);:1‘;:;
infant with the newborn lamb  On the other hand
pressure may rise more 1 the Jamb on ce: e he blood
ssation of the placent
and this may ensure a more rap1d onset of activity mn thg cardx;}: c;;c:lg;mn,
(s) CHANGES IN THE BLOOD P
T RESSURE
unl)h)ena&eml blood pressure of the human subject can be directl
€ cord artenies and even 1n these oy Bessured

section) only 1n the interval bety (unless delnery 15 by Caesarean
m;’s“’“ Ribemont (1850) a;gf;!{;il:lﬂnh of the chuld and their functional

ors who have reported such pn:ssrSt {1929, b) appear to be the only

* huafka (1933, so14) gave 60 mm 1 ure values* Ribemont found an
€ thss frute was the 3 £ as the normal pressure at by
result of personal measurements t birth but it seems doubtful
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average post partum value of 63 7 mm Hg while the placental circulation
was continuing , the uterus was quiescent during the experiments Hasel
horst recorded a steady pressure of 68 mm Hg 1 a pre-natal subject before
delnvery by Cacsarean secion  The uterus was quiescent and the child
was lightly anaesthetized via the maternal blood This 1s the only figure
awvailable for pre-natal artenal pressure Immediately fter normal birth, m
eight other subjects, the pressures were respectively, 84, 74, 62, 70, 62, g2,
46, and 110 mm Hg, giving an average of 75 mm Hg  The onset of respira
tion caused no obvious change 1n pressure 1n these and mn two other subjects,
though a short cry did cause a temporary elevation of about 40 mm Hg
m one of the latter Haselhorst, comparing the pre-natal value in the one
case with the 1verage post-natal value in the eight cases, came to the con
cluston that there was no sigmificant alteration at birth, especially as the
average weight of the normally born eight was greater than that of the Caesarean
infant and, caeteris partbus, there appeared to be a tendency for the pressure
to increase with increasing weight -~ Krafka (1933) proposed to disregard the
three low values 1n Haselhorst’s series on the ground that the artery might
have become occluded between the needle and the umbilicus, 1if one does
so disregard these three values, the average of the other five 1s 86 mm Hg,
1e there 1s a rise of 18 mm Hg above the value for the Caesarean mfant
But 1t seems unlihely that Haselhorst would have overlooked such an occlusion
of the umbnlical artery It 1s more pertinent, 1n any case, to state that a single
pre-natal record of the artertal pressure 1s tnadequate as a base-line, obuously,
many more determinations, both pre- and post-natal, must be made if one
15 to get any real 1dea of the changes durg birth

In the lamb (see Chapter VI above) ligation of the cord may lead to a marhed
rise of blood pressure 1n the carotid and femoral arteries In the human
subject Ribemont found that clamping of the cord 10 to 12 ¢cm from the
umbilicus resulted 1n a fall of pressure 1n the umbilical artery provimal to the
clamp, the 1verage mnitial pressure was 64 8 mm Hg and the average drop
16 6 mm Hg He attnbuted the fall to the loss of the extra-abdominal
blood solume, for (1) 1t was more marhed the earlier the climping, nd (2)
1t was greatest when the child did not breathe before the record began (Ribe
mont believed that respiration caused the placental blood to pass to the infant)

Haselhorst measured the pre-natal venous pressures i three mature
foetuses, exposed by Caesirean section but stll in utero The indrvidual
values were respectively 22, 34 to 30, and 24 mm Hg, average 26 mm Hg
the uter1 were quiescent  In the cords in which the average artcriil pressure
(see 1bove) was 63 7 mm Hg, the average venous pressure found by Ribe-
mont was 33 49 mm Hg In the clamped cords the pressure m the vein
distal to thé clamp rose by about 50 per cent through hindrance to the venous
return

The above seem to be all the facts at present avarlble 1bout the blood
and they are obviously madequate as a basis for any wide generaliza-
ompanson with the findmmgs in the lamb reveals 1 second feature
t tn addition to the one already mentioned, 1€ that the umbilical
pressure ratio 1s vers much higher in the lamb than

pressure,
tions C
of interes
raterial pressure venous
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in the human subject Whether or not this 15 related to the difference 1
placental types one cannat sav , at all events one 1s curious to learn the
explanations of this and of the first difference mentioned above

{w) THE SLOWING DOWN AND ARREST OF THE PLACENTAL CIRCULA
TION TRANSFEROF BLOOD TO THENEWBORN INFANT  CHANGL S
I\ THE RED CELL COUNT AND HAEMOGLOBIN PLRCLNTAGE

1 The slowing doun and arrest of the placental circulation —\What one
needs to know 15 the tume that this takes, anf general features, the mechanisms
durectly concerned, and the effective sumulus or stimuh

In normal birth (Bond: 1g05) the first part of the cord to cease pulsating
1s the distal one, which 1s still 1n the vagina  the artenial segments 1n 1t become
thin hard cords® Then the pulsation ceases (5 to 8 minutes later) 1 the
proumal portion  About five minutes later again 1t has terminated at the
umbihcus also  The above prcture 1s the rule 1n cases i which the chuld cries
loudly some minutes after birth  In a smaller number of cases 1n which the
onset of respsration 1s delayed, the whole cord pulsates for about five minutes
before the above sequence sets 1n  Finally, 1n cases of precipitate birth, the
first cry 15 uttered at once and the pulsation fades out so quichly that 1t 1s
scarcely possible to follow the arder of wts disappearance Rech (1923)
sad that, with good respiration the pulsation ceases 1 10 to 1 5 minutes,
and the artenal closure 15 complete about 10 rminutes later sull  Haselhorst
and Trautvetter (1929) gave a range of from under 1 minute to over 15
minutes and Haselhorst and Allmeling {1930, see also Haselhorst 1929 cb
in a senes of 120 cases found the upper limit about 30 minutes \\’md?é
(1941) smd that normally the pulsation dies down not long after delne
of the wfant and that thercafter there 1s a short interval before the hcen?
1s delivered as a result of uterme contraction the average time for thl?: w hol:1
E‘r’tlyce*tss bemlg abmnb 10 mm\m}:‘s Rlbelmom (1879) also noted that an apprcm(.:

e tme elapses between the complet

0n]s3etfoi utenlx)\e contractions plete emptying of the arteres and the

efore Bondi Hofmann (1877) had refer
the artenal closure 1 vn(engz' observan;fx(si g’y tlﬁzut:]ntnpeml s of
himself he thought that 1t probably extends later to the dgar‘lcn (1877) and

mtra abdominal vessels but that these are not moh d\sta sections of the

bueth 1n the prevention of haemorrhage from the dmdede I:inmEdmd} aftce
apparently thought that they were  Kleinwichter (¢ cord  Bondi (190,),
however “produced fresh evidence for the yview th t th » 1923),
cord arteries 1s the essential part of the sto, \;:* the contraction of the
arculatton can continue for a while after dehr\}e * ? n;]‘““)v some placental
™o mnutes for instance (Haselhorst, 192 br} of the child, n'the first
umbihical ven blood may nise to xhrée ?u?;es ztsﬁ‘e oxygen content of the

* Tt 13 somewhat surpnsing that the contracty he tial post partum ley o
mrselatore 15 anly bl s ik 2511 31 the focea i of the v Yot 13 Where the artel
the vessel walls sre msolved 933} Obviously other factors than the :vl:txx;’zsl)s::’e:;;:l:;
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%\}\lg:g 1ttol sthe]r structure the arteries of the cord can contract right down
present, the inner longitudinal muscle thickens and projects into

the lumen ~ These projections, n consequence of the snmultaneJous con
traction of the outer circulir musculature, mahke the arteries completel
impervious, and 1t needs a relatively enormous pressure, especiall ?n th)e
proximal portion of the cord, to rcopen them Krafha '(1933) fm}md that
at the foet1l end of a cooled exsected cord they resisted completely a per-
fusion pressure of 250 mm Hg, and that even towards the plcental end the
flow under this pressure was small  The resistance wns i the arteries them
selves, dissecting them free from the cord matrrx made no difference  Some-
times the contractility of the arteries 1s sub-norml, e g 1n weak, premature
or undernourished mtants, 1n such cases there 1s incrensed danger of hacmor-
rhage from the divided cord At other times, the mitil closure 1s effectne,
but for one reason or other the musculature relives some time after birth (1
1t ¢an do on occision 1n the ductus artertosus of the lamb)  Normally, how-
eve;, the closure 1s both effective ind permanent ,

Various factors have from time to time been mentioned as concerned, or
possibly concerned, with the arterial closure  These are

2(1) Thrombosis

b) Fall of blood pressure after birth

(¢) The mcreased onygenation of the blood resulting from the onset of
pulmonary respiration

(d) Mechanical stimulation

(e} Cooling

These my be considered m order

(@) Thrombosis—This was first suggested, 1t would ppear, by Virchow
(1851), but the evidence 1s predommantly aganst this bemg 2 factor of any
importance, and the coagulation time 1s well 1bove the adult value for 10 to
15 days after birth (Rodds, 1920, Lucs et al, 1921, quoted by Krafhn, 1933)

(8) Fall of blood pressure after birth—Tlis 1s the old hypothesis of B
Schultze (1871), who thought that after birth, with the opemng up of the

lungs and the closure of the ductus artertosus, there would be less blood m

the systemic circuit 1nd less force (left ventricle only 1nstead of both v entricles)
In 2 stillborn foetus

to mmpart 1 pressure to 1t i the descending torta
Krafka (1g33) found the haemoglobm content of the lungs, the Test of the
body, 1nd the cord plus plicent1 to be respectively 5 31, 65 19, and 29 50
per cent of the whole ~ As most of the extri-foetal blood (see below) 1s nor-
mlly transferred to the newborn infant 1f the cord 1s higated late, 1t 15 obvious
thit the expansion of the lungs can hive hittle effect upon the 1vulable blood
volume (tctually, 1t his not yet been shown to have any)  Ribemont (1879)
found that the umbilical arteral pressure fell after birth only 1f the cord w1s
ligated early (the carhier the higation the greater the fall), s time 15 usually
allowed for the transfer of the placental blood, 2 fall 1n blood pressure cannot
normnlly be concerned 1n the arteral closure
(c) The wmcreased ovy genation of the blood resulting from the onset of pul-
monary resprafiont —J ) Sumpson (quoted by Twt, 1876) wnd Tut himsddf
remarhed upon the imterdependence of respiration and the disappearance of



NATAL AND POST-NATAL CHANGES IN HUMAN SUBJECT 247

5 laned s vanous climieal
pulsation 1n the ﬁrgnazegseﬁg?zg;e(;sg 3?)of§fm 1se of the chuld’s respra-
g:rs\e?é;ﬁ:sl;l:tr}eleﬂ;ccepted Schultze s hypothesis of the wntecrelation between
resplmnon,and blood pressure  Rech (1925) on the st{)elng:ih of his pcix;t;xs:(})‘:
expenments, conchuded that the post natal nise i the blood oy gu}l{ v b
onset of resprration was the pnme cause of the arterial closure ase(1 or;t
(1929, b), howeser, found no regular relation between this onset and the
cessation of flow through the artenies, the vessels can on occasion contract
down before breathing has begun, or continue to pulsate 2 considerable ume
after 1t has become established

(d) The effect of mechamcal stimulation ~That ths form of sumulatton can
sesult or mid 1n closure of the umbthcal vessels 13 obvious from what has been
wnitten 1o the last Chapter about the division of the cord among some primitise
peoples  The data about crvilized peoples nclude the following  Schréder
(1871 quoted by Hofmann 1877) sud that haemorrhage 15 an infrequent
occurrence following rupture or tearsng of the cord but1s an almost myvanable
sequel to a clean cut through it Hofmann himself was unable to recollect
am definte tase of haemorrhage 1n a senies of clandestne births, though the
card was usually severed close to the umbilicus or on occasion, actually torn
out from 1t , 1t 1s known that mechanical sumulation tends to be considerable
or even severe in such births  Bondi (190,) noted the rapid arrest of the
placental circulation 1n precipitate births but said that the cord was not neces-
sanly ruptured  obviously, 1t 15 50 1n some cases and 1t may be mechamenth
sumulated 10 an apprecable extent though not up to the pomt of actual
rupture 1n others  Rech (192;) was predisposed by his own work to explam
the contraction of the cord arferses as the result of ncreased ovygen supply
to them and he was therefore inchined to minimize mechanical stimult as a
factor He noted no contraction on cutting through a perfused stretch of
cord artery and he said that precipitate bueth mnvolving tearing of the cord
;‘esuks( m nohhafemoarh;gc pm\\dedf rispxr:mon has been efficient  Hasel-

0tst (1G24 ound that section of t
the anegeg buz that the e cord caused a focnl contraction of

bl

s continued to pulsate freely between the cut and the
dure could be

The d several t
30 cm from the aliydommal wall and madre a e e 1L one began

fresh cut th
stump after each arrest of haemorrhage from the fi‘:\xdeg";%l:i t(};fe 5:::152:::1;{

Oa the whole of the evidence 1t would appear that

plays an rmportant part 10 some births a np\?nor p:mt lr: eoct}}l\aer:;cazllns:lumu%tg)ln
o part or quite a neghgible part, m 2 considerable number probabh
N (;{ The effect of coolng—One must agree with Bond: (19035) that th
: no great importance dunng actual birth of, as he all zl o con
raction of the umbilical artertes commences y cged, the con-
the cord whle 1t 15 still 1 the
to cooling  Bayer
m the speal cases
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Owmng to their structure the arteries of the cord can contract right down
Where 1t 15 present, the mner longitudinal muscle thichens and projects into
the lumen ~ These projections, 1n consequence of the simultincous con-
traction of the outer circular musculature, make the arteries completely
1mpervious, and 1t needs a relitively enormous pressure, especially i the
proxmmal portion of the cord, to reopen them Krafha (1933) found that
at the foetal end of a cooled exsected cord they resisted completely a per-
fusion pressure of 250 mm Hg, and that even towards the placental end the
flow under this pressure was small The resistance was 1n the arteries them-
selves, dissceting them free from the cord matrix made no difference  Some-
times the contractility of the arteries 1s sub-normal, e g 1n weth, premiture,
or undernoursshed infints, 1n such cases there 1s increased danger of hiemor-
rhage from the divided cord At other times, the il closure 1s effectr e,
but for one reason or other the musculature relases some time after birth (1s
1t can do on occasion 1n the ductus arterosus of the lamb)  Normally, how
ever, the closure 1s both effective and permanent

Various factors have from time to time been mentioned as concerned, or
possibly concerned, with the artenal closure  These are

a) Thrombosis

b) Fall of blood pressure after birth

c) The increased osygenation of the blood resulting from the onset of
pulmonary respiration

d) Mechanical stimulation

e) Cooling

These may be considered 1n order

(@) TInombosis —This was first suggested, 1t would appear, by Virchow
(1851), but the cvidence 1s predominantly agatnst this bemng a factor of anv
tmportance, and the corgulation time 1s well 1bove the adult value for 10 to
15 dys after birth (Roddn, 1920, Lucas et al, 1921, quoted by Krafka, 1933)

() Tall of blood pressure” after birth —This 1s the old hypothesss of B
Schultze (1871), who thought that after birth, with the opening up of the
lungs and the closure of the ductus artertosus, there would be lcss blood
the systemuc ctrcutt and less force (left ventricle only nstead of both ventricles)
to mpart 1 pressure to 1t i the descending torta  In 1 stillborn f?ctus
Krafha (1933) found the haemoglobin content of the lungs, the rest of the
body, and the cord plus placenta to be respectiiely 531, 65 19, wnd 29 50
per cent of the \\hoII; As most of the extra-foetal blood (see below) 1s nor-
milly transferred to the newborn infant if the cord 1s hgated Iate, 1t 15 obsious
that the expansion of the lungs can have httle effect upon the v uhble blood
volume (actually, 1t has not yet been shown to hwe ny) Ribemont (1879)
found that the umbilical artérial pressure fell after birth only 1f the cord was

(the carlier the ligatton the greater the fall), 1s time 1s uswally

1
lall%giwcgdef:)rr)the transfer of the placental blood, 1 fall 1n blood pressure cinnot

concerned m the 1rterl closure
i tion of the blood resultng from the onset of pul-

Y creased oxvygena
mo(nc{)zr_)Tfl-is;J’zlralwn —J }f Stmpson (quoted by Tat, 1876) and Tast himself
remarked upon the mterdependence of respiration and the disappearance of
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Budin (1876 quoted by Ribemont, 1879) found that the average amount so
teansferred was about 92 g, and Ribemont considered that the transfer 15
effected as a result of the anset of respiration , 1t 15 not due, he smd, to wtenne
contractions, which usually develop laer  Cobnstein and Zuntz (1884) gane
the arnount transferred as 60 to 100 g, Tepresenling AN INCrease of about one-
thed 1n the infant’s blood volume  Haselhorst and Allmeling (193027 anahsed
120 cases 1 which hgation was practised at varying inten als after bueth, and
found that the longer the delay the mote complete 1s the transfer  On the
average, with the necessary time affowed, 98 g blood piss 1o the child
feaing 67 g an the pl t crowt (nodentally, the lowness of this
second figure shows the efficiency of the functional closure of the cord and
placental vessels)  Later worh has confirmed the earher findings (hterature
m DeMarsh Alt, Windle and Hillis, rg41 Wilon, Windle and Alt 1941,
Windle 1941} and one can say that about 100 ce 15 tramsferred of the
cord 15 ligated Tate, this amount represents about one-third of the child s
blood solume
3 Changes 1 the red cell count and haemoglobmn —Escept w
stated the following account 15 derved n?aml) from 31(: ;:gic(:t}:oer‘;g licf
Windle and his colleagues (1¢ from the papers just menuoned, and from
Wmdle 1950 b} At the end of gestaton {1e 1n blood (a}.cr'l from thy
umbzfical cord at the moment of birth) the red cell count s of the order ocf
4 48 milhons per cu mm  Vathin about an hour this figure mcreases to
» 45 mullions per cu mm in an nfant whose cord has been higated at birth
and to over 6 mallions n an infant whose placental blood has been cons . ri
to 1t by late higation of the cord  The post natal mcrease of 1 mutho ¢ %nc
exciudes tor the moment that due to placental blood) 1s not yet fulf ton {f ane
but 1t 15 suggested that 1 yet fully evplatned
g8 t may be due 1n part or m whale, to expul
cm’\Igﬁmra\ed co(ripusc\es from the spleen ' puision of
e average diameter of the {oetal red

15 sull perceptibly greater at full-term f;fi,‘ndff rlesasle: dur:ng Bestation, but
amount of haemoglobin per 100 ¢ ¢ ncreases durm, po's‘.‘-naml Wfe  The
15 137 g Withm about an hour this figure has r <g gtes tion and at burth
which the cord has been ligated early, and to 22 1 i creess &y 10 cases in
has been delayed The reticulocyte count 15 los\ir]z cases 1 which ligation
post natal life 1 these latter 1e they do not requ, u;”mg the first weel, of
puenc  hurther through subsequent brealdo?m, reft oh ¢ 0 actively haemo-
secure 2 teserve of iwon, and possibl O e

cess blood the
through the difficult first six to t\\ehg t:fm(:ther substances, to carry thﬂg‘

hs of 1ndependent existence
{w} THE FUNCTIONAL CLOSUR

E OF THL DUCTU
The anatomical sumilanty betw een the hu S oSy

man and ovine f

of e {oetuses 1n 1
Sl;}? pqsg %““‘ “he fancomnt éwsurtehfnd;]?}?s,s‘emsu? makes gt xeasnnagslge:;

effecte a sphi a simufar
' Yy @ sphincter mechamism within 3 moter ofprrnox(r:\eusts, ’g bt 1t 13
Thns fact shoul €s iro:
pam:ul:ﬂ “;l*;nu‘: be remembered for there 1s ofte ™ burth
v when the child 1s delinered by Caesatean ; ; tendency 10 1 gate the co
oT

1d prematurely
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ture from the mside  That the divided but unligated cord reacts to cold by
contraction was shown by Huselhorst (1929, b), but that, of course, 15 no proof
that cooling plays a part during normal birth  When the severed cord was
put 1ato water at 20°C, there was a short-lasting haemorrhage from the
three vessels, that from the vemn ceasing first When 1t was exposed to air
at 20° C, the arrest of haemorrhage was more rapid, and that from the arteries
ceased first, Haselhorst ascribed the priority of the arteries i this second
case to their greater sensitnity to the oxygen 1n the arr
The effects of warmth upon the divided but unhgated cord have been
tested by putting the stump mto warm water  Schulze (quoted by Hofmann,
1877, from Mende, 1819) reported absence of haemorrhage, and Ahlfeld
(quoted by Krafka, 1933) actually saw the artertes contract down during the
development of resprratton when 1 child was delivered into 4 warm bath
On the other hand, Stutz (1878 quoted by Henneberg, 1900), Lindemann
(x880, quoted by Bayer, 1goo), Cohnstein and Zuntz (1888), Bucura (1902},
Bond1 (1905), and Haselhorst (1929, b) all reported reopening of previously
contracted arteries on exposure to wirmth  On the evidence, one may believe
that the vessels on occiston contrict down too strongly to be relaved subse-
quently by warm baths or clothing, while the reverse may obtain mn other
cases up to several hours, or even some dnys (Stutz), post partum
A reflex contraction of the cord artertes 1n response to cooling of the skin
and respiratory prssages was suggested as a possibihity by Strawnshi (1875),
but 1t 1s ruled out 1f one accepts Sprvack’s (1943) conclusion that these vessels
arc not innervated, 1t 1s not ruled out i the case of the intra-abdomtnal
portions of the umbilical arteries, which are mnervated, but little has been
recorded about the reactions of these portions
The closure of the umbtlical vern after birth has been relatively httle studied
Until the cord arteries are completely occluded, there 1s a return flow through
the vein (Haselhorst, 1929, b) and, even when the former are comple{)cl)
impervious, the latter still has a small lumen (1dem, 1929, a), which exhibits
none of the irregularity commonly found 1n those of the contracted artem}:ls
From the pomt of view of the transfer of the extra-abdominal blood to the
newborn child, 1t 1s an advantage that the vem 1s less contractile than the
arteries The blood does not usually flow back out of the severed vem,
but 1t can do so 1f the child 1s asphyval or if there 1s mechamical compresgmr;
of 1ts upper abdomen or lower thorax (Hofmann, 1877) Rlbemontf(é‘ 7()d
described three cases 1n which turgid vemns were promptly emptied o . 00f
as a result of one or more inspirations  One can assume therefore t }?t, lt
the onset of respiration increases the pressure gradient from cord ;10 cm;li
and the heart 1s healthy and ble to clear the blood brought tO‘:t, tt;l ::r(e1 \l\“S
be no haemorrhage from the se ered vemn and 1ts wall, when the bloo
llapse on tself ‘The intra-abdominal portion,
passed on, will tend to coliap: o i Pon o
examined some time af)ter birth, 15 collapsed and shows no in
contraction (Bondy, 1905 1s allowed to cease
z The tm”?i(er o]f th‘::‘éd i?xetrl::e x{e,’gzexht[ia:slfirt%ef g;:)l;::iug%m the placenta and
t[)}fgo:(ttr};?ag%:)rr:lsnallgport’lon of the umbilical vemn to the newborn child
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d by means of cineradiography or some equnalent techmique Until
xtxl‘x]::;ehas )been accomphshed, the reader must decide for mself how far he
1 Justified 10 applyng to the newborn human beng the closure times reported
for the lamb

(sn) INEQUALITY OF CHANGE IN THE MUSCULATURE OF THL TWO
VENTRICLES

heen {194z, see also Ziegenspech 1903, Table 1) found that the plam-
metric ratio between the right and left ventricular walls was 1 1 1n full term
and 1mmeduately post natal hearts, but that so early as si days after birth
the ratio became 1 1 33 and that thereafter the preponderance of the left
sentncular wall became even more marked  Transierse sections 1t arbitrars
levels are, however, no gwde 1o the respective weights of the two ventricles
even if they suggest the tendency of one ventnicle to hypertrophy relatne to
the other® From other sources comes evidence that the right ventricle
retuns a foetal domunance for some time from birth after which the left
sentricle predomunates for the rest of Iife i the healthy subject This
evdence 15 electrocardiographic and anatomical  The electrocardiogram of
the human infant (Lewss 1913-14 1920, Lrumbhaar and Jenks, 1917,
Herrmann and Wilson 1922) eshibits' a nght ans deviation up to two or
three months from birth™ For the term  nght avs deviation™ one ¢an
substitute, i this nstance the term * night preponderance’ (Carter, 1937
44) because during the period mentioned the night ventricle actually \\ugl(;
more than the left ventricle (Lewis 1g20)  In full term foetuses, according
to Patten (1933) 1t 15 13 per cent heavier The change to  left prepondcr-
ante  cannot be regarded as a very immediately post-natal one, but it 1»
necessary to give this brief account rl;% 1t, as 1t may need to be taken mnto con-
stderation mn connection with the post-natal closures of varous foctal blood
channels  According to Seham (1924) the heart 1s at its greatest pr
tonate development at the ttme of birth, when 1t contributes o 86 ot
of the total body weight as corapared with o 32 per cent 1n the ad l?" c';nt
lllluﬁtrauons n heen s paper guve the mpression that the wally of thl:::nfnnt‘:
biﬁt\ ventricle undergo a relative diminution 1n thickness for some time after

! The
foetal By e ers bad the K:::‘;ﬂgagi companing the thiskneses of the walls m all avarble
of decidmg which were comparable sections of the o ventneleg TS ) e impossibilay
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Farther than that one cannot at present go, and 1t seems mmprobable that any
more direct approach will be possible 1 the immediate future

(v) THE FUNCTIONAL CLOSURL OF THE VIA SINISTRA

In & 1 per cent of any large number of hearts, functional closure of the
via sumstra 1s impossible because of congenrtal defects in the structure of 1ts
pars libera (Patten, 193r)  About the closure of the channel mn the remarning
F 99 per cent there are conflicting views

The earlier approach to the problem was made through analyses of post
mortem measurements, the best hnown being those published by Patten
and his collrborators  Patten himself produced a graph (1931, fig 8) showimng
respectively the rate of functional closure (which was  based on circumstantial
evidence and should be regarded 7s tentative ), the rate of reduction m size
of the opening 1nto the left atrium, and the rate of anatomtcal obliteration of
the channel He considered (1bid , 40—41) that functional closure had occurred
when, 1 1 post mortem specimen, the pars libera viac sinistrie lay tightly
against the 1nteratrial septum, even though a probe could stll be passed
between the two This stage wns reached, he stated, by about the end of
the first post-natal month

Because of their experience with newborn lambs, the present writers are
quite unable to accept this criterion of functional closure of the via smistr
For the channel was defimtelv impervious to any blood flow (1s shown by
the cineradiographic records) i a number of lambs, but the post mortem
measurements 1n these syme animals would have made Patten conclude that
no functional closure had yet occurred mn them

The final answer to the question, *“ When does the human vi1 simstra
functionally close ? ”, must be obtained, one 1magmes, by means of cine-
radiography or some equivalent technique Until then the reader must
decide for himselt how far he 15 justified 1n applying to the newborn human
being the closure times reported for the lamb ~ About the factors concerned
m such closure 1t m1y be more possible to speth when more expenimental
evidence has been obtained from lower 1nimals

(v1) THL FUNCTIONAL CLOSURL OI' THE DUCTUS ARTERIOSUS

Gerard (1900} drew a clewr distinction between the inmedinte functionl,
and the considerably later anatomicil closure of the human ductus rtersosus
A number of hypotheses have been put fornard in respect of the mechanism
of the former (see, e g, Wells, 1908, Graper, 1921, Swensson, 1939), but
the generil simtlartty of structure exhibited by the channel i the lamb, hid,
and human subject mahes 1t appear probible that the closure 1n the Ist-
named occurs 1 much the same way 4s 1t has been shown to do n the tuo
first-named  There 1s also considerable structural similarity between the
ductus and the cord artertes, so such information 1s ests about the func-
tional closure of the latter may help one to envisage the simdar closure of the

former The tume of functional closure will, eventually, hne to be deter-
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eust 1 the Iner cells supplied respectny ely by the two streams B}‘l’t]:lhfsc
researches and others which we have not mentioned, are 1t present held up,
or at best are only proceeding slowls, esther because of lack of subjects or clse
because of other more immediately urgent, calls upon our time

“The fact that 1n Chapter 11 we felt compelled to Jead through the adult to
the foetus 15 to some extent a reflection of, and upon, the current order 1n
which hnowledge about these 13 1mparted 1 human anatomy courses The
terms 10 use for certamn parts of the foetal cardiosasculr system are sumlarhy
witness to the fact that the description of the foetus commonl) follows, wnstead
of precedmg as logically 1t should that of the adult  Sabatier, mn hus Trate
compler d'anatomze, wcluded both foetal and adult matter 1n hus descriptions
of the heart etc , and did so 1n a way that demonstrated the umty of the w hole
story  But even he did not mvariably, or even commonly, follow the logical
order, and describe first the foetus and thereafter the post natal subject
Phustologssts are even worse offenders than the anatomusts, for they ecither
omut altogether any reference to the foetus, or else gne too brief an account
of 1t The matter 1s one for concern, when so much more 15 now known about
foetal anatomy and physiology and when the post natal consequences of
pre natal abnormality are so much better understood ~ Surgeons are 1waken-
ing to the mmportance of such correlation since Gross and his colleagues
described the first successful hgation of a patent ductus arterosus (Gross 1939
3,b, Gross Emerson and Green 19{39 Gross and Hubbard, 1939), a quich
looh through the appropnate pages of the Quarterly Cumulatire Index Medicus
shows how Gross lead 1s being followed 1n hus own and 1n other countries

Our evperimental results to date are a direct contribution to vetennar
physiology but our main desire 1s to know better what happens 1n the human
subject With this object in view, we have compared the cardiosascular
s\stem of the sheep foetus with that of the human foetus, and have formed
some 1dea as to how far the physiological findings 1n the former can reasonabl
e applied to the latter  Such a procedure has often been followed 1 )
to ascertain the physiology of Man and testbooks on the subject cont
numerous examples where transfer of findings from lower anunals h: i
or without adequate justification been effected  In the matter und S th
however we have felt that an esumate, based on com; aratiy o
studies 15 verv much a personal judgment We have It’he lfc anat{omlcal
from gruing our own view 1n the text of this book and’h \ relore reframed
selves with summanizing the facts which the reader sh d e contented our-
i making his estimate  In other words, we ce(;nssx((i):r] t}lxl:t‘ ex}‘:,t his d‘l_lsp;sal
appr S met
pproach to the physiological story 1n Man 1s not likely to produce ::m‘o““c‘)f

n attempts

closures of the special foet:
elaborate on xhlspfor the Sed channls

Mmatt
i Chapter \ above er has already been discusse



PART SIX
CHAPTER XIIX
Concluding Remarks

WE could, without rish of criticism, have ended this book when we had penned
the last words of Chapter XII  But we felt that 1t was right to add certain
notes 1nd reflections derved from our researches of the last sty yeurs, for
studies of even this relatinely short duration have nevitably made us far
better acquainted than the average reader can be with things foetal, and our
experience may be of aid to others who wish to work in this field

In the first place, our historical studies have not only provided us with
many of our agend, they have also grven us certamn warnings nd 1 proper
outlook upon our own results The more mmportant warnings are that too
much reliance should not be placed upon 1solated observations, and that
schemata which 1re based solely upon post mortem measurements of vascular
channels, or which fail to take 1nto account all the foetal blood flows, may on
occaston be grossly mislerding  Ziegenspech (19os) criticized Kilian on the
first count, but 1s personnlly open to indictment on the second nd third ones
We ourselves have reported findings i single specimens of certun genern,
but we have endeavoured not to build too hewily upon what might be n-
adequate bases We hwve also, 1n places, given post mortem measurements
of vascular cahibres, but we fully realize that such need confirmation, whenever
possible, from records of the living foetus On the other hand, given this
proviso, 1t would have been wrong to omut such details where their mtroduction
was pertinent to the story

So much for the warnings dertved from the history of our subject The
outlook which 1t gives us upon our own experimental results need not tahe
long to describe By our precise cinerndiographic recording, we have sub;
stituted 2 measure of certamnty for the sgnorance confessed by Bichat (1801),
and for the hypotheses or direct evidence of later wnters ~But our records
are not of the foetus actually 1n utero, further, they have been almost entirely
confined to one genus and are incomplete of even that one , finally, improve-
ments n the apparatus or the introduction of new techniques may, sooner or
later, make posstble a far more detaled story than any we can at present
produce Whule, therefore, we can clam to have made a beginning,
we are fully aware that 1t 1s only a beginning *

When opportumty allows, we itend to study, inter 1la, the comparatise
physiol t the umbilical-portal venous distribution within the Iner, at

ysiology © 1 differences which
the same time a colleague will determine any biochemical difference:

1 épandu sur Ia circulation du feetus
Tﬂngl;ggeﬂi;i?xizzzg ?he head the upper and lower extremities and the placenta has stll

ity ery ke that of Vesal
2 ards the physiology of the foetal circulatory system 1s very I
(lsGS‘Lﬁ?;;‘;ifs':r:;t;my pFassus me 1n multis que ad foetum spectant non mshy satisfacere
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Our results as a whole are 1 strihing demonstration of the value of radio
graphic, and especilly cineradiographuc, studies of the normal subject, and of
the impetus which such studies can give to research mn the allied fields of
anitomy, phystology, and so forth When the West Wing of the Nuffield
Institute was assigned to research by means of cineradiogriphy and allied
techniques, few—even of our friends—were optimistic about our chances of
success It scemed to us, however, that there were defimte possibilities
quite a number of fields, of which the physiology of birth was one, and we
have been gratified by the results so far obtamned n our various 1nyestigations
We plan 1n the future to continue expertmental work 1n parallel with a more
scientific study (see Barcliy, 1943) of the radiological normal  Turther than
that we need not discuss our objectives, and at this pomnt we may fittingly
conclude not only this discussion, but also this book
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