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r:ben oroe in 1939 pex-fo d the tirst ucceast"ul l1pt1on 

ot the p tent ductus e.twterioauo, congenital heart d1eeaae, t'of 

the :fir t time, beoa "'e n subject or interest to the surgeon. Up 

to t t t.1 .e, th1a BUbjeet has been of interest rgely to the 

diagnostician, tor there a b t lit le~ i:t any, peel le 

t.erapy Tail&ble. At'f,er aude . bbot.t by her 11 e lona work on 

~ eubJeot 1n particular, J':' s rown and ot ... rs, had done so 

much to e nee u.r underotanding of congenital 

an had place accurate diagnosis within the bound ot poes1b1Ut • 

e ti. h&d C for- the surgeon.a to make their contribution. 

orou, by hie auccesai"ul o ration. has stimul ted the interest 

ot aurgeono everphere., oo that, tod y, ligation the patent 

ductun 1s uni really performed oper tion. Other toms ot 

oongenit 1 

(0l'08B and 

rt aieease - co .retat1on or the aorta in particul 

nagel, 1945, lalock f d Taus1~, 1945) - are belng 

examined an , this time with Ti w to surgical correot1on. 

This theaJ. is concorned solely With the »patent ductua 

arterioaua•. It 10 f'elt that en ccurate un ers~anding or the 

ature of the anom 17. 1't& t"unction, ore~ ect.a upon t e c1rcu-

lation an4 tbe body's reaction o t , is soent1 l 1:t surgical 

thera1>Y 1 a to ap lied r tionally. 
. 
l!'any c nti-ibut 1ona to the 

•pool" of knowled.Se have been . de by m~ker fro ... vnr1ou.s parte 

or t.he world, but. there are et1ll ny probl s •h1ch nre not 

olearl.7 underatood. The bulk of the kno le e ia c ttered 

tbr01lghout \he d1cal literature 4 not a gre t eal is corr 1 ted 



in o.ne p r. Th1e thea1a~ thex-efo , t t to Vi 

ri 1call7 t into tion 

the ®~ C • 

C 1 V l bl 

-tbe r l 

t 1ea certain 

t l elosu-x--

0~ 

t 

patent d _ tua nl'ter1o u 18 - e l wit o x:t naively 

ot rs, it 1 :felt, or 
cl ty, t 1 

sis th reto co sit or two a~ta. 

t I hJ'a1oloa. :cl1nieal et, 

1 a NPl\.&J 

-r t 

n with 'the ~her 

lOIJUN. 

001ti u1 and 

t ly. 

ala 1th 

C prob 

e n re1'l l; 1nveet1-

gat • 1 s t t v n rece1 

el ctdat 1 t i~ appropr-1 .e- e e i 

thee patie t v be 

( t b7 t-he n11e,. +). 

cations o gut- a 1 

r 

ted to 

ondp t-e er 

gre t. 

111 

0 

U t1on 

1-

+ - Ml author fl 8 to e •• h18 grati aU to Pl'O~vllH.U~-
wbo operat don thia &e~1e ne-l~..u.• 1 n o 1nveet1 theae oaaea and o use the thi t 1a. 
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I\ 18 t; th duo us :rt nosu waa i"1rat 

de rt by len 111 the t:Jeco c t D. a a abort Ye ciel 

UJli\1 the aort 'to the nu n ry rte17. o'bac nd eht, 

( 1941 } ma1 :tatn that t he, 1'11'-at .. own ment-ion o the term uduotua 

Merioaue ur in GUilio ces re , mt:t•e ano t'oetu 

l11Mr', pub11· a1x ear ter hie eeth in 1595. he n 

re o . wlt the duetua arterlo uo is t.~~t ~ 

bl.a eonte r r,, ona ltotallo (1565), tor vcn today,, writ re. 

part1cularly tbOae f'l'®l the oontl: nt,, N~ffP t tb auctu& 

arteri us 

ccording to .ran.kl1n ( 1941 J, who 1l'l •aterly t eh1on ren•ws 
t al.aea1c liter tUl"e', t llo never aori he ductus 

rt.erioaua ! 1e ttftl."le baa p are tly been asaoe1at d With the 

uc\na a~ter.1oeu• on ~t of n illustr t1on J an Horne 1n 

hi.a edi~ed e 1t1on or Botallo' wottk (Gilchr1at , 1945). ~hie 

1lluat.rat1o ( 1g. 1 ) 1'8 va o own, and eu aequent uthoxa 

a repeate t at.alee. 

The fllnotton t duc ·ue rt rto 

the pul.nlona.ry aJ"tery·to the aorta botore b!'ith 

( 1628).. ~enac ( 1749) tbWSt h e been ot t 

the duotua maining p tent, fol' 

e n to rane1 

poae1b1lity of 

J a Brown 

:, 



( 1939) with ob t'Ving t the ta 1s U 13" to . in pa ent 

1n case llhe cl • rown l o ere 1 ta ec l 

(1 12) with o ng the aseoe1 tion of the ductue arter1osn 
With other bnol'mlll1t1 o. ,.111 (1826) iv st f1 tan tom.­
cal and topo,p- ph1oal lleoonption, which, 1n the light or present 

knowled , appear.a w h ve be n a l. t 1nsc • he re t 

app ch to the c.cep\ed de..,en tlon w s given by ·an 1ft 

1 94 - alt OUBh '"Ve l othei- deacnp11 na p in t 11 er: tUN 

'bet'ore thi oco 1ng to ~hSpicro nd Y y (194.3), who tteViewed 

the worl liter ture, the t1ret ~ov oa of pt 011n an 

u wa eac ibed bJ Ch 1 ' 184.5. 

runN in 1 7 f'1l'et nugse t 4 the 11g ~1011 o the uotu 

arteroioe • demonat .. e · the re 11111ty of t e ope tion on 

a e ff.Ve~ before the . oeton ,.edic l ~o 1e,ty. ·evert le , or 

32 

ct 

ar ·Ma auggeatton was mt aete 0 

t r t t t tho:no1c an!'jml''Y 1n general d velo d re 

lowly t an:, other~ :nd to t?ii ~ tbat euch ligation m ht 

be at.tend by 111 c\ 

In 19.39 re a pertOl'tled the t"iN!t aucc om•l lis. t1on ttttei-

une l at t. in 193- by, 's au aay-. 1n hoe ca 

t 41 1 not pro e cor et t t1on, and :y -r iel 
et al in whose caee tecbt11eal. d1tt1culttea revent a oceeat\11 

11 tion. 

rat uooeafffttl 11 ation has pro.Ye a great atlmUlus 

lo exper 1 tq iology in \his t'i ld, the , aix 7ttara 

hav seen the ition ot ~et de lo 

4 



very much re t han t-ha~ ooatrtbu'ted by t he 17 centuri es 

preceding t hem. 

Figur:e prim:e Explicatio • 

.AA A. Fd ,:, 
bbb&.Sin,u f11 /ci1 (u('lrio,,(t11lon1,itudi114/i;,11ptrtu1, 
C OjJicu/11m muimrtm . D , Al1ud pr41Ui/o mi11u,, 
, f D110 ex1g11• tJjfhHt:, , [Atil t1111J1n ~cumin11to1. 

Figur:e fccund:e Explicatio. 
A. Cor. 
B , .A1,ricu!A dtxtra Rptrt/f. 
C,C . Ym., Cn1a f,m1/it tr dif{tllA, 
D . ForAmtn 111n, coronA1it1 
E. For"""" ..,,,.z, , pu ~uod fan;,uu in ,.,.,;,,.. 

IAm f,nift,11m ttnJi1.., . 
F. J,'4 /11ufA trtitm for11mtni •PJ>DfitA, 

Figur;:e tcrci :e Explicatio. 
A . Cor . 
BB. Pulmont1, 
C C • .Arttri.1 _,,, 11fa111d1111 • 
D D . .drt,ri, Tr,mcu, ,l,(«•ikns . 
E E. .Arttri.1 p11/mon11!.i,, (<11 v,n,1 ,,,.,.,;,[,, dill11. 
FF. C,,,,11/11 11 p11i-ili ,.,,,,;,. ttn,l1n1 in 

Mftlllll, 

vcnofam, quae & {j fruClra olim pcrg~ifi_ve: 
rim, nupcr tamcn dcnuo cidcm_ mg1~1 fi110~1 
me tradcns, cor dividcrc occcpt, ub1 paulo 

. fupra 
.,. . .,, f•cill r,{Mp;,.., ,,,,,, , 'l"tlf rarf,.,,,, I• 'tltn•~ e• ~•,n 
f.,,J"'" ' • 11 1n• en• , um r,1.1n1,r•tar. Mox ~d1u.ng1r-', 
j,nf "" •Jfi1uuti "''"' 'J•i· (• prl'•I .,,.,.n,, ~ m1r•t1•n1m , , 

,._ .,. ' p,lnhru .,,,,m '" fa"· ,,,,.,a, ,~,.,,;,,;, -~~;: 

van orne•a ,e41tion or ll ... c l te rlta 
(1660} oontaina t-h1e 1lluatnUon 1naerted b7 · 
the t°Ot- not lnol . in teUo' or1 l 
text. otallo 41.d not e · Pl the t and 
t truoture deplete· 1 van 1:t0rne•a 1lluet.ration 
· 1 118 allf' 1DOOJ'NC\. 
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ooounta 1n \he standard work phaaizing he development 

or the d otua are n. Kei l end · all, f r instance. z.,a no 

re rence to the d tua arterioeus 1 ther 1n the 1ndu oP the 11e%t. 

The elopment is bouna up WS.t.h the te or the ort.1c 

r,c a. ~1r ,,rt .... ur Keith, lm 1 y in uai 'o nat am 

Co on (1922) appear to be 1n ~ 

olution • 

. rl the eour of " lo nt there appear c ,tain 

o~tio arches, wh1ch Ue 1n 

lation to bnneh1al cl .. aup rao:rt J 

't D4 cert n o-r th ent1 17 dis ppear1 

,r l.e o NI persist find Zo _-e aort. a branch& of ite re 

e th1Pd pair• eat1n to bee 

kr1oa. nd tlie fourth lert ai-ch, 

ot t.be aort • persist ill th ir entirety. 

part.1all.7 .d1aappeara, the NJ1etent rtio 

artery nd art.. o the r1gh~ s.ubelaYi 

a t.be origin 

algnUic , 

plexus ~1\'ed 

aortu of the Jx 

Ued" ortio 

}. Thi capilla%7 ple 

pan ot t.be 1n ernal 

·ch ro • t.he J.ICh 

:to.Ul"th. right arch 

1nnomlnat 

o ape.e1 .l 

11 d b7 a caplll 17 

ae ftntr l 

aubeequefttl.J' l>$C0INS 
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7 

cn-n,'Yllftte to the oi-a · 1 sort , and t ie v ul .i:- co ctcion b tn 

t l t l' o tie arch aonat1t 

\ the l , b beco_ n 'the 

nti"al ar\ 1xt ri ht on1e aroh ei"&l1st e 

rt ap re. ventr l part o~ the sixth 1e 

b o be 1 to the trunk o t pu na17 t ey, whil the dor l 

p pere1 ta a the ductue rterioaus. 

lat1on of the c rr nt ryng ne to the o~ic 

ch e development 1a o int rest, or , on ~ left s1 

ne 111 clo 17 ted to t uct rterioau .,. 

to r tion e fe st e~ et guid t it. 

Pe4t!llll>Pf!r.rtt nerves 01'181 lly ·- t t la~ under t e 

thus ffl1 C 

ot the atructure. In tJ~ t.ure f oetu , the.ret'oro • · the l.rt 

ec\Ulrent l r,nseal 11 found hoo t o~ic rch 

a no. th ct rt rio e. t P1 t 1<.10, on 
nd, re rr.oet or t e zth t enU itth b 

dl 1p 1 J.Rlly until 1t 

i etl'UCt@ aeri t l'O~ ro:h, 17, 

t e rig t bcl r:,. 



.. n;omal. 

{ } aer<>~co21ct-

lt o Galen deacrlbe the d ct ~t r1osu in second 

ce tU17 

ort • t 

a short voe 1 nm ti tlle pu-,-UA-,'f!Y rteey t-o e 

1rat ehiled \ ie l c d el'1pt1o 

w eppa ntly t t 4:f K111an 1n 1826 ( ct tc"" 13 Be n a 110 ck, 

1941 ). ne ollowed y fmtt r con\rib t1.o 

:, other iters, ho support. fere fr Kilian on a 1oue 

Oint811- t ortant contr1but1 ppcar · o 

h be n t of traeem 1n 1894, 

d aor1pt1on ore neaply ppro cheat t gene• 111" 

chie- int of 41 t 

ct e ur o.ad plane o the ctu, tta point of ntry in o th 

8 rt 8 ltd to th ori 1n o£ t t"t- .aubcl v1 artery, nd 

t di: ter-. 

No u i:ul putpooo w1ll be served b _ relating 

n., but tho e ot li and 

rka upo ,. wit a vi to c .4par1 on 1 t 

' • Kilian et ts the ductus lopes d l"ro rc1.gh to 

l t bei 411 h\1¥ bent in 1 · e course fro . ore bac rd 

a 1 y i'ta ent~ nee into the or 1e C te, and he 

l n dee h• ulmo 117 1:'t 'I!Y to 0 t ft t 
' 

quill. l l bclavt n t four linien• 

8 





{1/12th 1 ) to t.1 Mght (or xoxt ) tot. e into 

.ntry th d et 

n. n the othe , escri 

co c ve under urtace ort, the iemete~ 

t eq• l to th orta, t co rs 1ng 

11 l o t; a not, nd the polnt or t 1 tot 

ort it d1a~ l to int of origin o t left bcl Vin 

rn 1.U.t1on, he o i'be 

chb a 1 n ... gua t op n1.ng of the uot,u 1nto 

t aorta, d f t all t rt. 

he 

d 

•1th the 

id 

108 1 t t O ob C 

ai tanee of ell ern technl.c l 

.e dit n 1 ormation tot 

tograph:le 

onst1ns 

oto , wt a , el• how v r-, t t their cacript1ona @e 

... ,ocu.~~d T d a1~e ~o 1 t ph no o o lowre 

DYH"11T."T~n1c l 1a. 

lo 

Jt ca be 

1 

~1 

nry t 

angl ' t 

one cent 

arte~ ( 

d thnt at theed ot: foet 

re t 1 'Y'e l.J' _.,..,,,..,... 'Y'eirlBE~ l. ., 

ll 

e., the dttc . 

0 tt. t:ro 

, d jo1n t t to th ort t n cut 

tev ~hsn. ,0-35° ( o .de~., 1902) t no1nt aboui 

di tal to th or1 1n or tllc 1 

n ob c., 1941) . The le 

e re 

-
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FIG. 3 

Copy of Strassmann's Figure 2 .showing the course of the 
ductus arteriosus in the newborn human. The valve of the 
ductus arteriosus (V.D.A.) is placed at the aortic entrance 
of the ductus. 

D. A- - ~~~' 

HfLUM--f~~ 

FICc 2. 

The medial surface of t!E left lung showing tre areas in 
contact with neighbouring structures. Note impressions 
caused by the thymus and ductua arteriosus (D.A.) in the 
newborn human. 

TR. 

0 . 

Drawing of the ductus arteriosus placed in 
the same plane as that of Strassmarm 
(See Fig. 1). The ductus . tends to parallel 
the aortic arch and contains a transverse 
ridge or valve (V.D.A.) projecting into the 
lun:en of the ductus almost midway between 
the pulmonary artery (P.A.) and aorta (A.O.) 

(Af+,c- Re~n,4• ainJ 
Nt> .b"'e--k) 



.. _,,,_.,&JIIUI!.' arie1 fltom it latero-1nter1orly at the point 'lfbare 1t 

becomes the t. r-terioeua. y are smaller in ize than 

the duc\us artei-iosua. which at t s t.age pproxi tea the 

pulmona17 te end aorta in 1ze. 

The course ot the o. t us rteri sua lies pa llel to that 

or -\be rch oft.he aorta, and ia 1mo t di t y ntero--poater1or 

not scending rroin right to lef't a 10 gene l17 1.mFlginc 
w • 

( It muat be r . ~ .bered that• in the foetua. the ngle which the 
0 

reh of the orta mekea with the t'l'ontal plane 1S bout 80 • i.e., 
0 . 

ot a l'"ight ~ a c ared with t 50 in t~.e adult) 

!n p ssing an ero-poaterioP].y it b'Olgos t 

tol"a the aorta on 1 ta ante lateral aspect, d not into the 

dial surface. 

be duotua is related au rio 17 tot a ho tJle aori, 

th connective 

t1eaue n.. l • hn.tico. 

ao a 11 po terior to .... 1 di t l p i-t1on o tbe ductus. 

Int'erlorl.7. it is related to the left pulmonary nrtery,. the .x-e-. 
current larynge ner-ve ho ltlng round it latel'O--rnet0.1al17,. left 

bronchus a 

:rt. th duct.u ie in rel tin to the t s nt.eriorq nd 
. 

eupei--1o~l7, b.11 laterally, an oster1orly, lie the vagua rutrn 

and left lung. mhe medial our ce ot the 

g nst th duct , d contains 

r lobe of' the left 

impNaaion 

diall and .in-formed b7 ~ l teral bulge f the ductu 

rlorl.y 'the ductua resto gai at the bronohua. 

10 



(b) .~eronegp1et-

'l' erosoop1c sru1t~ 1 full7 scueaed in connection 

w1th the prohlera o'E poot-nat. l closure in the aecond part a% 

t · t heai .. 

sutt1ee it to aay, toot i~ 10 ·re-ed b:, the major.f.tJ' o~ 

wol'ker&, that tta atl"'llcture ·10 diatinctly dit erent trov that 

or the aort.a an4 pul.JnonaP,J' rte:cy - veeaels hich at tb.is time 

1t appron~ tea in su~e.. Thi d1:tfereno 11e in tlie relative 

unts of nr..1scle and elaatic tiasue pl'eJJent. ':'ho duetue b.aa 

thicket- all in which mueelo t1nue pre omin tes. 

B. bnormol.. 

r•raistence or the ductus teriosua afte.r b:t~th con-

et~ tutea n anomai,,. "~le &1ntain1ng the esent1al teaturea 

of the toetal duotue srt,eriosus , there n-everthe lea8 are certain . 

va.ria\1ons that a.-e ~ proot1ca1 itqportanee. 

The Dimenaiona•- Too ease, and indeed, the very posaib1lit.7 of 

l tlon. de nd upon the length or the ductua arter.tosus~ and t.o 

a leaser degree UpOn the di~ter. That these aneasurementa 

TQJ.'7 considerably ban been tbe experience of tl.11 surgeons con­

cerned •1th l p:tion, end tws been eeen 1n the pi-e t ser1$ti. 

Ja er and :ollemn ( 1942), who d.i&secte4 12. c d ver , give the 

foll 11ng rane;e ot leltS'l.l?t ·cnts .. 

Length trom 0.5 to 1. 3 • mean o. a cm. 

D1&z:neter fl"Offi 0.1 to 0.8 • sea 0.3 C 

Shap1ro mm Ke:,s (1943) et.ate that 'the ductua is ge rally short 

.re dlat1nctly rare. 

11 



Jager and ol n de cribe c ae 1n tdch there 1a no 

duotua, din which there exists only nndow-11 openin 

between the aorta end pulmonn17 artery. :tenz ( 1 O} deeor1bea 

a aim11 r cnee . th the addition l feature o c lcification or 

\ w1.ndow-edg • 1g tion in such case ould ne.tunllY not 

be pO&eible• but i'ortunatel7 t ey re CQt.'lP :ratively rare and 

d1be r ( 1836) regal'da this st te ot attaira a being nore 

co. nly found in edults then in children. 

The ape or the persistent uctus rtcrioeue, again. is 

Ta~iable. rious shapes h ve be n d•ecr1b nd rhftrdt 

(1893) claaattiea tbem aa bei 

(1} cylindrical 

{2) t'Unnel-shllped (with 'the w1de part t the ortie end) 

( 3) winliow-type 

( 4) aneuey :llll. 

he co n eh.ape h deaor1pt1oll8 b7 Groaa, Jon s bbs nd 

others. a well as tram pereonal obeet"f' t1one on the cases 

ligated by Prof'eaaor aatnt 1n the pre ~t aeries, ppears to be . 

c7lindric l w1 th tho hnnel-ahap d ext 1n :.trequ nc7. 

Gebauer ( 1943) st. tea th t the ductua rterioaus gradually 

widens and rt n wlth age, 

the pUl.Oon r7 rte17. Thie 

eupportin t oontent1011 o~ 

1 aeen pr1nc1pally 1n aaulte. 

a roeult or t di l tation ot 

t t e nt can be e rd o as 

dib rder, thAt the 1rindow-type 

neuey · l 1latat1on b obaerv.(H t ~ back aa 

ve been cor d b7 1893. ( e be}. o oentl.y e 

12 



onokeberg ( 1 24) a d Gr (1940). 

411 t t1on involve the orta { ltoohulc, 1937) - but in 

hie case t e p J.mona17 end at t.ho ctus aa obl1 te:ra:t.ed. 

ecrtptions o aneuryemsl d1l t tion are few. 

mo . ll ely to •e been re orted \ban the re co 10n case , 

regarde as rare. fhey re often t e 

reaul.t or aubacute bacterial endarte.ri tia o the 11 or the 

uatu-s. 

It ts obvious that the thickness of the wall o the auctuo 

art.erioaue is a very importanft ctor. eapeoi lly so hen 
• 

etatia-t1ea 1lurc of lig tio ue to tbe e rin or e 

nll a?'e atuclied. 'l'ourott (1 

patent ductus. ttrte:r1oaua 1n which the walls re ve,:,y th1n. 

r1s e-aeea nre atly ones asaociat with eub c te bacterial 

e . ocarditi 

he me41 l · 111& repute to be spec1all.7 l1able -to 

tearing ( eba r, 1943}, but o e dou ta •bet 

ttributed to exaggerated thinness this aide. 

thia can be 

ObaerYnl1one 

on the ope tlon of Ugat1on ve illoet ate that this, r:lOre 

than other, 1s the n11. w: ch, ror ~ohnio l reasons~ 1 

exposed to tbe poaa1b1l1t7 o te Ping. o uo attributes 

to the r ct thflt. the comiect1ve issu ee a t.1ng t ducft\18 

ftom the lett 1D bl'Onchu 1 T rJ' denee. 

The y contain vege t1onu,_ an t. ae be 

failure to ac !.!eve c ;4 lete obl1 to aU-on o 

t l b7 11 · t1on be attrib table, in o 1nntancea, 

• 

13 



AORTA 

DUCTUS 

AP.TERIOSUS 

PULMONARY A. 

{ 
•ote pulmon ey rtery o 

and aorta. 
rlapplng uct e 

1m a17 artery retPaeted to 
display ductus. 

PULMONARY A. 

1/DTe.: 7he. ~o 

r;sL(rf s sho'4 ld 
be ve. vex.se d · 



to t p.reeenc of these. 
I 

rel t1ons are eesenttally th tl.,ose al.ready 

de cr1 ed ln the :toetoo. Rowve1'1 mod1f1c tion& ao the result 

of pa:lbologlc l cha.ftBOS do occt11', e.g. ~ enlars ~ent of the 

pulinonaey artery tt'JliJ' be or aueb propoP-tior.s to overlap and 

obacure the ductus, until the eey 1s d1.&pl c downwards 

(Fie. 6). Tb1c 41lat~ tlon n been ot nn ury . al proportions,, 

as in c se J'et'erreet to by Holme& ( 1944). e t d 10tua is 

eM _ 117 short, i't eatcz.s t ort on the underourfao~ of: the 
o,rr 

reh. 1· usually l1ee 1:i:u11de th p I:"ic rd! l retlecti<)n• but 

oec e1onall7 ':I be overlapJ;ed by thi on it nterio~ and 

ial a.specte (Tubbs, 1944). .. 

Other c rdieo and vcu,s l atmo 11 tieo · eoci tea. 1th the 

duct 

14 

e1 ticnnee are ooa~ot8t1on o~ the orte, which 18 eomr1on:t tmd 

dextropoait1on, end reduplication or vo aela, which are 41atinc117 

r' re. ~he narl"Ow1~.g 1n eoarctntion occurs 1mm d1a$ely d1etal 

to the oint or &ntey o~ the <luetus arter1o &, nnd not. oppoe1t 

1t. 1& uau:al.ly at te-d. 



.he ph.YO.iology of the toetal uctus arter1o us, nga1n, 1 · 

ao 1nt tely co erried w1,h the roetal ctreul t1on in sener 1. 

a d the proble ot the po t-n t l closure of t' ductus a:rteriosus 

in rt1cu r, th t t.he whole eub3eot ta disc eed 1n detail 1n 

that ction of the tbeais. F , th clinic 1 point of view, 

we are coneer ed more intimately 1th the phy&1olos7 of the un-

complic t d pat nt nctua X'ter1 sue (in the aen t there are 

no otbe~ a count o hie. t.he duei 

pa.tent a a c enn try chani ) 11n its r au t t atbo-

logic l et :ect • thorough owledge of thi 1 t is felt, 1-a 

,, 

e sen~i l for the understanding o t condition nnd the evnlu tion 

01." the c11n1c l find.1nga. 1th view to the ~pl cation o 

ur.ic l therap7. Unfortunst.ely, i-1a aep ct 1 t a et.rai t-

.to~ an ele r-cut a i enerall)" auppo • In ract 

di trio lly OJ)posed Views have en put to .... tho&e ot 

tnger, 11 and Oro.ea (1940) on the one hand, and ot 

Betti r (1941), on the other. I~ ta not the intention to 

glv a detail 

11 V to 

e.xpos1 tion of t ee tbeori , b t so ,e reference 

" ....... "" to th . ant'i at here, 1 e, n ble 

underat 1n ia to be arptved t. 

It J.e neralJ.y accept 

1ncNJaae in the pressure 1n t 

to that ill t 

t t, dt.&r birth, t ere ia an 

ot m1c c1rcul.at1on lat1• 

t1ont putly • b c us _ ~ the 



increased de 1c e1 l tion e the re.aul\ 

r rowth. rtly aa th result or t nut1on ot t.be 

er1phernl resiatanc-e in the pulmo ey cJ.~l t1on • conuequent 

upon their ration. In the preaence or a patent. duotua 

arterio-sus, tb re ore, there 1& sh to~ arteri l bloOd om 

t e on into the venous blo of the pu ey artery - con-

tituttns n arterio-venous f1 tuia (Ho , 1925). Tbiu atate 

of tt·a1.re ll persist as lo aa the preasur relationships, 

.PO tul ted bove. are maintained. 11onsequent17. cyanooa, whicll 

in these ca e y be regal' e e 1nd1Cating the pree,ence ot un­

OXJI: nttte<l bloo 1n the ayster e c1rculst1on, would not be 

expected - a tact borne out b el1n1cal experienc. Accord.1.n8 

to aUde..bbott (19.36) and ,Tames l"Own (1939), cyanoeia 1a aeon 

only 19hen the 1ntrspulr.;0nary pressure ls r 1ae , as 1n severe 

fl ts o-£' cou l1 nd sneezing; or, a tem1 l event., llen 

the preaaure in t ayat 10 circulation falls the reau_lt 

or lett ntr cular f'a11ure. ud bbo1'. t • tn her &el"10a or 

92 ca e • fou. qftJlOaia aa a tel"li'li l event. in 25. on account 

or thia poasi illt7 -or tem1nal c79noa1s, bbOtt and anon (1924) 

ol s1tiecl p tent ductua artorio sunder the group 'Cyanoaia 

ard1Te"• 

, t 1 the effeet of th1 shunt1ng ~ blood ( or t h1a arteri 

venous fistula) on the circulatory yst , an t compensatory 

hr.m.iam, 1r any, does it evo e , It is in t rumei-ing ot 

this queat1on t t op1n1ons di e • pp1 v. ,u ell and 

N>aa { 1941} b3 taking aamples o blood from t 
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D I G ~ AM OF TH J= N <J RM AL CI AC U LA TIO /'I 

ro 
P£fi I pH liRY 

D/ORAN. OF THE C{RCUL.ATION WHEN 
THE' .Pucrus /HU"E'RIOSlJS fS PAT.ENT 



t aoi-ta .distal to the ductus,. etc.,. in patient.a subJected 

to 11 . -t1on by OPOB-s, beta.re and er l1gat1 n, eonolud.e t-bat 

fr 45 to 75:" of too blood put out b3 the lef't venttticle is 

ehunt 4 b7 the patent (1uctus J$teriooua .tnto the pulmonat'J 

&rte~7. .. om ttJ.o 1t can be 1nte~ th t t.he quantity 

or blood returns to the ltttt vontriel 1thout ever havtns 

Tho output of the le~t ventricle 

st taerero:re be sreate~ tna11 that at the r1gbt., Eppinger. 

Burwell. nd Groaa believe tbi _ to be two to tour t. _ .es that ot 

t7 

the ri ht. In o-l'der to aocompli h tbJ.s inoreaoe output, the 

left ventricle 110ul.d enlnrge and ~:rtrophy 9 while tho peripheval 

01rcu1 t1on uay be redtu:,ea an a twthe~ co · e-n&ator;y meehanisc. 

The pultnonnr-y veaaels, to aceo · te the !net-eased vol~ of 

blood• muat d1la~e. and such dilat.at1on may be ohared«en by 

the left auricle. Eppinger,. B\U"Well Md OJ'oas, ho ver, maktt 

little nt1on ~ tm3" presaure cha s 1n the pu ona17 ctrouit 

or or ~ com;penaat.ol"Y cbansee that ttlke p-lace tbere. 

Keya et al ( 1943) · place t.he 'Vt>l of the bloOd ohun.ted !it 

+ 50; ~ the left wn:tricular- output. They efrl)loy&d a roontaen--
~ phic method, with an eno» which y el.aim to be <ml.J" 

,t 5,. ds { 1941}, horn XJ)el'it:ient l observations 1n dogs, 

in which fll'l1fic1al patent d tus h bee de b7 &lu1st · oe1n,g 

the 1.en .aubclavinn anery to the pul£Jona ,, !'ound the ~t of 
/be ' 

blood shunted to &bout 46r. Lev.? l.alock { 1939), Pottto~ng 

• lar exper1 nts,~ did not s ·tate the vol: of b1ood shunted, 

but rerna~ked that 1t had vel"J" little ettcet on the penpheral 



blood pNaauN• and that the pulmona17 preaaure wan abont 

h ~ that of: the.97atemic ... a ,fact they ttirihute ,o the 

-emallnesa ot the pu1tnona17 resi&'tance. 

On 't Whole, the above work cu. reaarcted aa suppoi-ttng . 

in large tneaeul'e 1ibe theate of Eppinger f Burwell and Gross ( 1940). 

ttinger (1941),. on the other hand, 1& oppo.aoo to it, and hie 

which was one ot. uneompl1Ccated ductua arter1oano,. t~ na­

right Yen\noulu enlargement olll7. BPO•• dilatation or the 

pu_ M1'7 artery nth atheN>m&toua plaquoa { t>ut no\ or 1,s 

~anche•}, e his'tor,- o~ cyanoa1a o~ lengthy duntton1 and a. 

p radon.eel emboliam of: tJle right renal v in to -the .epleen. 

om thi:0 1 h& col\Oluties, that 1n \hia pal't1cuJ.ar case, at least, 

there must l~ been a veno-arter1al-, aa opposed to the usual 

arte.r1o,-venoua fistula. Re 1nta1no that th1e was brought 

about as the renu.lt or a oompensaton oecbanisn. The pultnona.t7 

arteno-les, be allegee, b7 eonatr1ct1ng~ can ra1a the pNeaUNt 

in the pulmoha%7 circuit to a 1evel tf.llCh nearer that 1a the 

aon than ts genet'"al.17 believ ·,, and, bJ' eo doing, control and 

limit to some extent tb.O amount o:t the anunt.. In bis eao.e thia 

ns dO"Veloped to a de~e tha.t, ae in f. ct an ove!Nloq>enaatton.. 

Tbe resultillg r1ae 1n pr&D8UNJ in the ulmoD817 cit-cult W'Ould• 

in t.im&. cause the right venti-1.cular ha:Qert;-ropby. ~ support 

of his bJpotbesia, he $t&te.a, 'that onl7 \he lal'ger brauchea of 

the pu~ veesela are uaual:17 dilated and not \be smaller 

arteriole • Th1e is due to the rel t:tve ~1ciency ~ muecle 

18 



ftbrea in these veaaela. t ct that the ret t1on of 

growth ie not an eaaential finding ( this '11 be unl1Jtel 

with adequate compenoo.t1on), he res rd8 as a further oupport 

of hie theor7. "Qinall.7 he statea that cyanoais 1 a much 

co :on r t'inding than 1a pneral].y auppos at te ct 

u 1rs as propounded bJ .. ~p1nge , uraell d orosa he r rds 

being a terminal event, .. being t result of r1 ht nnir1cular 

ta11u.re : 

· Shapiro a eye ( 1943) make the st tement that ight 

nt ia the chara.eter1atic te t u of paten\ 

ductu arteriosuc. Tbe7 1 b& de a at. .. e ot ret'errtng 

to the pro inent pulmonsr,- conu e ~ right wntr1cle, for­

Donovan, ubauaer and ..,oaman ( 1943) find. l ft v ntrlcula!" Jltper­

tropl'q 1n 70i or cases. 

The in cri t1c1sm th t c be left lled ae inst the work 

or Epp1 r, urwell Groas 1e· tbat 'there 1 no a tiaf'acto17 

proor that the a.amples or blood, ch tbe ~o from t 

puJm.na17 r-ter7 nre taken at a point where thoroutJ)l ad-

nun of the two at.reams or blood, rt.en l tram t.he aorta, 

and venoua from the pu~ tl'UDk, could haft taken place. 

The7 re dubi us ot ·th1a point unt1 l they had 

experimen~ 1th ga. It 1 ob lou that if the sample a 

ahouJ.d cont ln V rieble unt O &t'tet-1 l lood, the na-&Sa 

of the Yol o of the shunt ba s.m t _ ll be 1naeeurat , 

Thia may account tor f'1guree .. 1 claim a 75, nnt ot the out-

pvt of the left. 'ftm\ricle thro gh t-he ductu io any one who 
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haa: obsel'VC the relative aias or tllc ducts and the aorta 

distal to the duc'\un, this %1gure .. uat se ext 17 blgh, 

and cou1d ;probablU onlJ' be poas1ble it" theN · ere great 

difference 1n ~he Pel t1v., pressures in the t circuite .. 

'rhe roentgenkJru0graph10 tboda ot Keys et al. hove not been 

accepted a reliable, tind rtifici l patent. duct1, enntinS 

~or a few months in wtmsla, could not potui1bly ve enctl.1 

the same e~i'ects as those present 1n t e human from birth_. 

nth ot.ber hand,. 1t mu.st be pointed out that the t1nd1tJga 

of pins&r and Bunell haft bean epted b1' t •3or1't7 ot 

· Obaei"V on e11n1ca1 gi-ol.mde .. 

* b •ins or Dett1np.r be ci-1 t.1cised on the gr:ounda 

that they a based on the :tin nga 111 oa wi 1oh 1s unique, 

and 'the co lus1ou drawn from such lnd1 - PG bound to -»P11' 

to t ~ case only. 1tev&rt.h~leee, Bettingeit s etre se4 an 

a.spec\ which apparently had Mt been ·eoll81de . previoualy, 

lY, the pouibllit7 ot a compensatory c ani exifJting 

in the pulmona17 c1rou1 t. 11th our kllow· dge o~ the powera 

or adapt b1l1t;. possessed b7 the l>odY', it a -s rea,aon ble that, 

sueh compen&atory n-.ecmm1am er10uld exiat. , t r. au\hotta 

~ Pd a being~ a1grd.f1c nee is t.ho fact that, 1f there 1e 

a ehllnt or blood fie_. the high preasU?"e ·sorta to a lower 

pl'eSuure .p 

,he 2reesure in thl.s o1tteuit must rise. Bull and - rueger have 
, 

loq since put tonard tb-& the 1& that ascuJ.ar changes con-

stitute pb,ye1opatholog1e l*e8PO!l80 to pulmona17 lqpert.enaion. 
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FI C. 2. 

FJC..S FORcm EXPIRATION FIG~ FORCED INSPIRATION 

late ot oaee ot :Pa,ent otue rterioa w1 th 
Ul7 ot ulmonal'Y ••a, taken t r , 

t'oroed 1n i rat1on anct expitt tion. ( hie oaJSe 
n pz.oy t po•t .o• m. Ro , 1944) 
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ao that b1'Pertropb.Y of the pu .iO ry a.rteriol ssole woul 

not be unexpect ct, xeept or very isol ted incident l 

c see, post rt nporta o:t investigations or the t te ot 

th e veaael cannot be f'o • a material for this study le 

not availabl 1n o. uth \tr1ca t present. 1 w111 hav to re in 

point ro turth r 1nvest1 t10 p n nd Robb_1 o {19i.4) 

P port a c o tent ductus rterio us l. h1ch 

pu Nl1'7 vee l showed extens1 e 1ntit:lal therosclerosia. 

This, not unre ao · bly', y be r garded a a :turther reault o£ 

asoular Nt on.se to the pu rteneion, tor degener t1on 

r Jvpertro 1 by no an n unusual equel in eurg1c 1 

patholo • olr.ie ( 1944) aru ot re pree ding , eh as 

Coate ( 1929), have reported pulmon ry aneU?T w&ooiat1on 

With patent uotua arteriosus { 1. 7) - again heno.menon 

t t can bee cted under t circ tance cite bove. In 

olme ' cas , the aneury:ana 1n'9'olv not the 1 pu , 10nary 

artery, but v seela of the lu Co ta (1929) 

in 79 caa o pulmonar7 neury collected y h1 , o1ted the 

tent ductu rte1"1oaus e.a the cauo 1n 2~ o · caaes. The 

3or1t7, howev r. involve the 1n stem branches of th 

p nary rt 'f!Y, which ins:, be ttributed o th ot that. this 

i s re ons to 1 rea d bloo -volu: 4e or ves ls poorly 

supplied with cle fibres, and not due to a oonda.r, desenerat1on 

toll01r1ng .bn, rt.ropb:¥. 

Certain clinical ob rvatl ns aupport th conception that 

s so c pensatory ction on t p rt o the l saer 



c1rcul ti There is~ ao a rt.Ile. no dp rt1Jre t'rom the 

no a1 to be~ t ct byte lectroo io o~ 

pate~t uctua rter1osu ThJ.s eee re r le, to say t 

least, .in cases 1n ,h1cb tho l rt he rt is overactive to th 

degree poatul.t d. Ii' t re is no le ax1 evi tion then 

it must an th.1.\t either the left be rt 1& not over· ct1ve nd 
• 

~ ro tlicd, or, th~t the right 1a also o eraetive io 

n almost eq i degree. Nor 1 r cd ca di c enl rgement a 

atri.k f ature, al'Ul.ough onov , uhau r nd So n el im 

7, enlarge ent o the left ventricle. 

· In concl-uaion 1"' may be eai that• in th c or 'the 

p tent ductu arterioaue, s with other tt.eNJ rt inin · to 

ed1c1ne, general1 tion re lWQ'B ditticul:t~ 8lld nearit 

l ays brea down on epeci 10 inst ea. t appe~ more 

le to et t t that the re ction of the body inc se ot 

patent d.uctus al"teriosus varies within w.tde limi"ta. the 

n ext,re ~. t - re sq be 11\tle or co enaatopY on 

the ot the p ·on.a~,- vascul r bed - re lti in a lars 

ammt or blood frQ the aorta to the pulmon ry arte%'7 ( 1.e. • 

. 1gure app~ ch1ng 75% or the outp t of t left · entr-tcle), 

ile, on the other. compeneat.ion may exle to degree caue1 

the production oz a ven terial 1'1 tu , 1n th aae o 

t.titlg r. ccor 1n.g to Ho n (1 25), rdiao enlargelll&n 

Will be cor· · urate With the 1ncre of' l end 

oo 1-ne · to that 1f' tbrough whlch the g r flow p e • 

tnen \heae two extremes will be t gr t 
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14th the meJont7 ehowtns relative 17 little pul:wontc com­

pens t1011. a . .t.e jU<'tpd 1t, clim.cal x:per1encc. fJhile a 

minol'"i t1 mo7 abo\t • twea:'t aenl. e would venture to Mid tie 

add1\1o.na1 nypo'tbe&1•, that tbe greater the pulmon..~ necula• 

~neation., the longs~ berore oatt41ac .ta1lure will set in, 

and conaequentlJ the bettei- the prognoala. It ln81' •ell bf,, 

th 't ~ . examrtfzl tion of the pontmort r:mt rial from tho:ae c•aeo 

wbo ha e ll ed longest. will bear thia out. 



c 11"0 netances. 

a compen Ol"J' 

ay 

In the first instance, it 

ch.am.am tor other de:fec 

r two sete oz 

in tent 

o 4 as aoarctation 

ot the o.rta. aot-tlc val: lsr ateuo 1, in particulni-, 

h1Poplaa1a or co rctat1on ot the pulmon.1117 artery" pu1monar,-

enoa1a (In pu ner7 etenoaia, where t 4 t.ue 1& absent, 

n art.1f1 1 lo e N&n c ted y n1a1oc and :i: ue1g, 1945. 

by anaetoraoeing the left eubelav1an rter-y to the pul.tnotlat7 

rte17.} n t other hand, it. 7 remain p tent or reasons 

no clearly erstood • exiot ·t1ie aole abno 11 t7 -

the ao-c lle uneornpllcated patent duc\us rterioau • When 

nth other abfto Ut1e, the du t,ua 1 often eeaenti l 

Ol" the lntenrmoe Of the circul tion and 1ta Uget.1011 would 

tollo by ael"ioue oonaequencea. 

It 1a bellev bf' null.ock. J e end lly (1939) that 

f'e1r a-aae or multiple de.feet.a sunive th 1"lia t. 7ear or ao ot 

1ntancy. 1h tlMa jor1 tz or ud bbott ( 1936) rie e 

ca e • where tim d~ctue eneted aa compensator7 meoban1 , 

here s c7anoei pNeent. -.rhea aoci ta ootec:t, hen 

p eent 1n older c ldnn dult • are 11.y of mno-r 

n lure - a eh as inor deet"ees of coa!'Ct- tion of the aor1;a end 

p tent interYentric l.ar - pt ,. It 1-s ot inte to i-ecall 

t :t, ceordi-s to •erall.11'9, in hie o~ t1v-a tom.7., certa1n 



rept1les such as t.he chelnnia end l cei-til1a have the 

assoc1at1on.of patent du.clun aXttel'1oaus with d.e"ective tnter­
+ 

ventyieular sept,a as a aomal atate ot afta.1 'Whelk sut>-

rging under nter, they are able to exclude the lun.gs f:rom 

t oil'culation, by dJ.ver'ting the lood UU-ough the duotua 

rteriosu 

t1.on, there ia a ~el1 1n the 1>reeaUPe 1n the lett v-entriele 

ao 1hat blood 1s forced over the a&ptal det'ect fl'Ola the l"ight 

ven~tt1cl• to the lett. A• a X'ezult, al-though the bnin end 

other Ngiona recei..-e mtte and more unox,gen.a'ted b100d1c the&e· 

an1mals are _ able to reiaatn su~Jtge4 for a lone time. 

Aeeordins to Yuir and Bi-own ( 1932) ,_ "flrf-7, ~ s revie:w 

arter1c8U8 to be a ra~e leaton. namely a case in 121 reported, 

or 6.5:~. 1!Ui-r and Brown { 1932) .found t.he pi-oponion to. be 

much b1gner - 20 eaee 1.11 86 or &bout 23)!. Maud Abbot.t { 19.:,6} 
¥ · 

reporrtod an 1nc-i nee of 40$,: Whi~& Bullock, Jones !ttl4 Dolltt:, 

(1939) found 42;~ oZ caaee (eee Table 1). These latter f~a­

appear to be much nearexs the corr.eat figure t.hen the eavll•:r 

ones• as ·1>oth \hose of Attbott 9114 'B'Ullock t al nre baaed on 
postc.ort e»uninattona. Orte.tt ( 1943) 1'ound the propot't.1on 

+ 
fl.le now of blood 1n th1-.e oa• would be inn d1:reot1o.n w!Uch 
1s the exsct reverse or. th!!\~ wb1eh i usually enecnm.tercd in 
p thological patent ductua arter10SUD. 
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11eon a aches ( 19ff:l) place the figure t 1 ; • 

f!hapiro Xeya (1943) e ti te that \her re 20.000 

ople in the u • •• , with 1ta pulati , ot bout 150 million. 

with patent uct1. o• one in 7,000. Bullo ~ J,::mea and :OOlleJ' 

pl ce t h nearer 6 in 7,000. 

Shapiro ( 1944} n a f'e le involved th.'.P ti!ae s aa · 

often as .r.,al s. t-ononn et al (1943). repoJ."t1ng n Oroaa• 

serio., 9t c e o, ttntth& proportion to be rou hl7 two ~lea 

l ; uir and Bro ( 19.36) support t.b1 , ut Gilcl"'.rist 

(1945) fer. t incidence to be al:noat equal 1n the two ee e 

In the pre nt r1 sot elven ca ea, 

u.r mal a ( abl 2). 

re lee nnd 

It has been ~ported that the a nd1tion be t'uoilial, 

with r lt in th gem pla t.he l'Caponsi le etiological 

ctott. 

1 twins. 

th (1929} not1c d the occurrence o th condition 

f 1 teJ>est in 't 1 eo neetion 1 the f ct that o 

o 'tch.e cae o o the presem G rtee a to 

h patent uctu rterioeua (pro ed at 

- to e su1'teF1fl8 

ration), after his 

si tar. who on sotr..ewhat oquivoc l clinical gl'Oundo, ha been 

di gnoa d s n ope ductun. en subjected to o r tion, 

lthich rail d to veal the due\u 

~a-cardiac abnol'tlt!li te y oceui- 1n e1 t.ton nth 

p tent ductu rtenosus, but not veey e nl.y. ,ebb1nB ot 

the toe • club 1ns ot tlle ~eet and undescend test1e have been. 

d scribed. · lJ.ock et al (1939} believe cc sor7 nipple• to 

be o nest anoci te f:indin,. 
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The §lHRtome. 

The -r ct tha~ the vaat major! ty ot: c sea ·of pat.-ent &totue 

arterio .ua are .11din<u)vtu:•ed" during the second dcead ( G1lcbrlat. 

1945) indicates that a1,mptomo oannot. be &t:-1k1ng fe~tUM o~ 

the condition. Th1n point ia empbaai.sed by all authors on the 

T cond1t1on 18 ueual.J.v ndiecoverect:t• aeeldeutall7, dt.11':ing . 
routJ.ne school medical •xam1mt'tiona, oP when the cardise 

apparatus is checked by a: pbJ'aioi n e lled 1n 'for some fflillO.f' 

ail.I nt. 

Siderable ele nt or neuros1a .cmy prevail.. The c1HMJS ms:, • 

dcu.,ePibed s being •tneftl"t-cormcioua•, nd their eym;toma m&J' 

date ;rrom the time the les1on wa brought to theil" attention. 

ne-nerally, then. 1 t 1.e sa1d that ~tomn are abeen:t. 

<J.1lchriet. hofleYe:r, r1na_e hi.melt Ul'lllble to 88l'Oe w1 th thie 

general etatemettt. He :teele tMt onen, only .a.fter cper,,fti1aa, 

the p rents will f1nd that a ohild which they bed preV1oualy 

cons1dered riortOAl• bad 1n etual fact be:en roore 11etleas ttum 

they bad Nttlised.. Ad.tllt.a. t.oo • ho reel& may be eo a.Ci:uatomed 

'to l101' d1seb1lltien that they re.se.t'd t.hem to be normal. 

The 8J'l'.T1Ptom8 that &re usual]¥ ocm;pla1ned of are eaq 

ta~1paJd.ltt7• 4Fspnoe• on exenion n palp1t~tiona.. In all 

the cases e-xam1-4 ror this tbeaie, the t»"igtnal diagl'.l(laJ.e was 

mad• at a caeual e~t.ion.. ?hree ot t: . conw.1a1~a 01' 
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apparently d:tle to the disturbance osu ad by t he no1s,- heart. 

ct1vit~ 1e £1-equently restricted 1n theso p t1enta atter the 

diecover.1 ot the lesion. Sch0oling ... as be inter ted. All 

or Which. un oubtedl.J',. causes so - ele nt of neuroaia. 

Cyanosi o , -tb elevat1on of the :1nirapU1rnomey preasure , 

o in ~1 t& of coughing, has be . deecri bf variouo tmthorn. 

(L1aud AbbOtt . 193'). smith (1929) nd. ech (1932) state thflt 

1t may be induced by ernot10ll&l disturb nceo. Maud .Abbott 

explains tho oya:noaie. on the basin of un t ble intra-orteJ'1nl 

p SIJllll e. Gilchr1~t , G:roaa end ot re believe that it.hie 1 

not e .:on filld1ng. !t has not been observed 111: the present 

eer1.e , in spite of B~tet1Pt& to 1 nee it by elevating the 

1ntrepulmonary preseum. Clubb1n of the :nnsera wn.a aeen 1n 

Epileptif'orm. conirulaionn are alleged to be u occaoion l 

hrotter (1901) Md 1iilestone (1910) have repot-ted 

caeee w1 th hoarsene&a due to paralysis or tho recurrent laryngeal 

nerve - preSUln!l 17 by pl'e-SSUPe oi' a dilated duetu.e. 

,\tt cks or eptataa1s may occur. oroea (1929) stat~ that 

this . y be protu.ee ano th t 1 t ooeu- part.1eu1 Pli" oomonly 

bet en the -es of fou.r and eight. Two p t1ent.s 01· the aerie 

ttepor~ed attacks ot this natur. 

o. The .. Clil\1ca+ , §k!a. 

(a) 'fhp Bod!lz end J&.nt al '.ne'Vel9l!P!.!nt:-

:tients 'With patent auctus at-te:riosuo are uauall.7 <leaerJ.bQd 

ae be1n t.a11. slender and pal , as pre&entt the ot1amnta 
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ot aortic h7Poplae1 end a-rterial aepletion. Often· thei' are 

reputed to be. mentally retarded, and ph91 ic11ll7 under developed. 

Hutr and Brown (1932) t'ound subnormal gl'owth i.n 20, .. of oases. 

Shspiro (1944) .found stunting of srowth in cut 28. and the 

:tiguree or GJ.lcbri&t {i94S) agrcee With the 1-ttier. In the 

pre-aent aeries one eh.1.14 was t ll; elend r a."ld pale, and two 

ll ror their 88• ?be remairAer appcaNd nomnl, except one 

who wao obese. 'l'he reaaonab1e eonclu&ion \hat can be dram 

. om this aee ,UJ to be that 'there does not a.pp ntt to be anv 
c x-aeter1et1c bodily and rrrent l configu t1on aas.oetnted With 

p t nt. ductue rter1oeua. It may perh cr>a be sate that over­

growth appears to be mor.e rare than undel' development. 

(b) ?he Cardiac ARP!rat~:-

lt 1a no more thfln .1a expect · that the essential clin1.cal 

t'eatur s A.re provided b7 the oard1ac pp tus. Yet, 1 t Le 

well tnown that e-..en these oa7 be cn\1rely lacKing 1n tne 

pl1e.sence of patent duotue.. , coording to roes (19.39) and 

others, phye1e l signs mrq be entirely laoki in the f1~e.t 

year ot' llf'c. and it is ue.uallN onl7 i'ter the fourth ye r 

bat t.h cl8'8&1eal pby:aical sign& ma7 man.U'est themselves., 

1) Ausc-ultat1on:- It 1e by auscult tion that the single meet 

atgnif'ieant aign in patent &lotus aneJJtioaus 1s oboerved. 'rh1e 

1 the cluaieal murmur 0£ the patent due ue. orterioaua, 

whlch n& oris1naJ.1y described by Gibson { 1906)"' 01lohrist 

( 1945) {}llgmttJta, end this see.ms ;Just. that the _mu~ should be 

'tel'"m84 the "G1beo11 mrmm~c1,.. The eaaentlal teatnre ot the 
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UP ta 1 a co tinuous qu 11 ty - ver1 1117 1 . c ted by the 

te s " chinei, , "rol li: tb er', "ru&h1 t.er , or 

" op. mb1s quality pears cle rl7 

Gibson :f'ollowa: tttt begin :r the co ne ni of the 

:f'i st , is continued duri the lett r rt 0£ t t 

ao at1d t • It ra-1 t thro.ugh 

the aec nd aound. net diee y gr dually duri the long pauae. 

The murmur 1 diet1net1Y rou thrilling. t. begins ,softlY, 

inc ees 1n intena1tr so a to re eh 1ts ao Juitt about. 

or tcly fter the 1J'lc 1 enc f the aeoo d oo , nd 

t: t point gr,. uali,, · till 1t.s t · e 

co ao can be heard ~o be lo ng. 

Rout1er (1937), bo analysed honocsrdio~hic 117 

records or the mu , st te rourmu gina !'tor the 

t'1rat ao and r ches it int nsit7 with the second 

sound c ntumee at ~hat pitch dui-1 di . tole. einf'orce-

nt, aoaol'ding to him. there or t._ s p ur1 die.atole. 

hie description of' the auacul t, tion a 111th that o:f 

Gibaon1 eo t t ·re1n:forcement oooura during diaet.olo and not 

d ing ayatolc, a is nenllY bel1ev c ing to Jo a 

et al (1940), who d. auscult t1on rdiog ph1c 

tboda, t ccent t1on 7 Var)', ti a oc urring in 

evstole, but re often in e rl di stole. I vi w ot t.tm 

fact that o tt ( 194)) dee.or1 onse 1n hlch the ~urme,r ~ 

ted tter lig t.1on and din 1 • it .oul p ar that the 

llJ'Wlltltlr is rba snot gen rt 1n e t.1,7 t es ny 1n ever7 



I 

ltH. the oontlauou ohan ter ot' tlli 
JIU!... '"'• . 



~ 

• 

oaae. ccount or r1 t1ons such v. been not 
. ~ 

r a typic l phonocatdiogNl.p u t c-ing ae 1g. 10. 

Thia is eeen 

in 70 ch11dNn particUlorly n 1B r garde-d a thee. ~11 st 

ti-eat t~on ( oroeo • 1939 ). 

others h v reporte-d oa 

tt1 r (1941) e (1943 

or p ent d.uctu ecov-ered at 

poa rt • 1n which the mu ur- • o entiNJlY b t. 

Of Whatevei- type• the murm r 1a uauallJ loudeot and best 

1n tho aee:ond left interspaee. Jons et al (1940} baVe t'omtd 

in so case 1n t fi:rat or third C ,. 'flhilst 

Gilchr1st (1945) bellevea 1 to loudest t ~ point 1'heN 
. 

t-be p.ult nary rkry l1ea nearent the oudace. hie 18 UBU lly 

the second 1nterspace • but, 1n 0wcu.suo were there 10 cone1derable 

enlarger.cent of the pulmona17 rtery, t 

n arer the 1 tt anterior aXillary line. In 

c sea it wash "tully a 

ru1't -z be heard all overt. p ccord1 

7 be heard 

of 1lchr1st'e 

very lou 

h common 

dil'eOtioM OZ propogatiott re towards the inner end ot the le 

clnicle a the axill. It 

the back, oppoeite the ep1ne ot' th left acapul. In all caaea 

cl.nv1cle - eleaFl.y heard t t bae· tn)le stolic 

element '3 conuucte4 to the x, where l&o d1 atolic 

IDUl"lllU~ . y be etec,t C ~ Jone et al ( 1940) 

aubeoquentl.7 roved to _ e t t. :uct-us, v1ousl7 been 
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fyp1oal pbonooardiogvam 111 a oaae or patent 
ductus rtex•io us. 

~ . 

I 
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Phonocard1ogram in aame patient atter opera­
tion, 

·Nett s11ghi a1stollo murmur t hat ta still 
preaen,. 



diegno a m1tr l atenosls. ueuall r., the two 

ao a t the p s may be beard clearly, apart f'ro cot\-

d ted Ul'tlUr • 

1he 1ntene.1t7 of the 

( 1939) the ve17 lou and 

rmur varie.. ccording to Gro.as 

sh s are f und in t lo · d 

narrow duct1. 11der and shoPter due ti, pp rently, re 

re onsibl tor the eot'tcr, ns-top tl'llU'DUrs. ettinger 

(1943) escrlb a case 0£ patent ductua d1eeove at postmoi-tem 

1n ch there had b en no ur,nu.r. elic1 ted by the pisevioua 

oardloYBac l r xmn1natioll. Key (1943) repor-is a1 11 r cue 

and cite two from the literature. 01lchP1at (1945) st&tea 

that 1n· some a ults the murmur y be ao aof't a t.o e oape 

ot1c , l as rticulnrly aearo ror. Tb.es soft lllURDUr8 

appear to be p tlcularly preY lent inc a 1n which he rt 

failure ia setting in«. Brown n4 Uir ( 1932) 1nta1n th~~ 

t o:tten beat heard during d•ep 1nsp1r t1on, while 

BUl'Ch (1944) aa erts that 1t la beat rd with the p ti nt 

• .. 
It 1a snerally accepted that the mu r is ener t&d by 

the paa e ot blood tprough th ductue. In the v at majority 

ot casea thia muat b so, aa the mu~ i abolished by ligation 

in at i.nstanc •• However, oume • Keele nd bba ( 1941), 

Gro (1944) • p1ro and eys ( 194.3), bauer ( 1943} and others 

have reported the ra1stenoe o the systolic el nt fter 

ligation. and thia waa .aeen 1n the present rioa too (Fig. 11 ). 

ta b17 an Pezzi {1921) attr1bute t he d1aatol1c lement to the 



d1 tat1on or t pulmo ry ~try 1th ulmo r. incoopetence. 

Inc etenc , however,. le unJ.1 el; the pulraonic second aound 

1s ueuall7 accentu te and a 1. redupl1e t • · sis a 

ver:, a1 _ icant fe ture. as 1t rv a to tteNnt1 te \he con­

di t1on rom oaeo& o pulmonaey tenoais. ti . y ea 117 be 

a ed unleaa no ht tor i te y lo t ::,, 1 t of x1mom 

1ntena1ty of t.he •ibeon ur ( 1UJ.r and· raan, 1932).. In all 

'' 

the c es in their aeries, this :fe ture a obaerv d. 1t1o l 

:, beard,, p l'tioular ly 1n caaee or aubacut bacterial 

e doc-a it1s. Toux•ott (1943) be11 v a t t this 7 1no1e te 

ext na1on o e t t1o · to tb heart alvea. 

11) Tbe long Test.: - .In tl co~se o-f the p eent series of 

1nveat1 at.ion, at st de'f1 ed, ug ated b7 .c ro eesoP e-tz, 

"bloWing test•, which, 1t 1 ho , will prove of 

real vale 1n the d1agnos1s o-£ tent ductu a er1oaua~ nd D'l87 

y t e to be regarded a patho - nic a1gn.. :ihe te t 1& 

ba on the hypothea1e: aa the murmur 1a produced by the amm't 

o blo thro tbe pateni ductue terioaus trom the aort to 

\be pulmoDaJ.7 rte17, an:, taotor which will :red • \he 1'0lume 

0£ t blood mmt d, or de:cre s.e t nte of tlow, auc ea 

l t1on o tbe ifti.Nipu nary reeaure, rill Nduce the 

intensi t7 ot tm m , i-.. 

In order to rai the 1ntr 

1a instruct d to blow tnto a 

o:.r which can e ort by t:t 

u , Oll8l' • re ,. the pat1 n-t 

, or- omo~ r, the op tuns: 
lip ~ne p~eaeure 

t be x rt • muet be au ta! for as long s poaelble • 



Test. 

~, 
N Ill .. 

'11,11111111111 
111111111 

) o o rdiogre.phio raotnaa trom to pa ients 
1th patent duo tus ar rio ua aho•1DS the al­
os t oomplete diaappearanee. cf tie u:mur 1n 

the op trflo-inc, and a r.m d tadizw in th 
lower tr oing. 



trlUftDU1' 1a 11 tened t.o cont1ml0 lY • t the point of 

-......, ....... in enat ty, ror ,. during• f't r th$ lon It 

und t t in .ve-ry oase of mu~Y:'1~ arter1oeu 

80 t . UR D OR DI LO G• 

Iff. !tff!..1 

CES Ni'lON. Thie has been con:t1 by po ·eardiograph1o 

(ae • le). 

it was obf'1ou ly neoeflSIU'7 to observe the eff ct ot this 

t a on othe~ mur • T ble 3 a e the au1ts of the teat 

on n~to pa"t1enta. II1therto, it a not en ound po&itiYe 

a117 other typ · o-r heart lesion, w11h the except1on1 perhaps, 

o m1t l atenoais. In ort1o regurg1t t1on, a condiU.on ob 

18 otten d1ttic.ult to exolu e in the 1ff rential diagnosis ~ 

the quality o:r ita urmttr, the t.eat e been -negattve in se · Ml 

c a• tbe murmur being 1. ~ r un r~ cte or ccent ted. 

This obsen tion in oonnect1on 1fith aortic i-egurgitatlon 

a7 be gn.1'4ed s being e17 81 1 leant. tor, t . and-~ 

presents the mot d1t. lcult. probl in th 

d.U'.terenttal c.U.agno ta. I:t 1 t c aefini e17 be et. ted t " 

the o~ ao~t1c inc tence 1a una.t.tected b7 the blowing 

test. 1fh1le the murmur, o~ patent duct,u r1oaoa r. aea or 

dieapp P • the lution of the · bl w1ll fac.illl te • 

W1 th t.ral tenoa1 t re doee · ppe r t . be ading ot t 

mwnm:cr to a light do.SN in the 3w1 t.7 of ca • In 

1t1on t re a a.re to be an lterat,10 i the 1 t 

inu.rmur. hie 18 not unexpected• t , rrmut is epen.dent 
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·aend~ik Vermeulen 23 To & rro amrmur 

4th letl apaoe 

George ao11e, a, P1'9•8J'IWUO at. 
apex 

Aor\10 regargJ.• 
ta tion w1 th 
.a. 

Joha 47 To & tro all ov.r Aortic 
1. 

ff fl 

A4am Dam.el• 57 Soft 41aato11o 
let\ sternum . (bnertenatve) 

111em ••. d.Me,we 1J I Rambltn& e rlr 
4laeto1t.c 

? 

47 I Yua1oa1 apto11o + JU \ral atenoela Dlm1l'1ahea 
eott dtae\0110 at a118h\17• 

28 To & bo at baa • 
:Rt.amblina d1a.ato110 
at "1)ex. 

Jlttral eten.o 1 Baell arnmau 
+ ao .. u.o repq. 1ncreaeed. 

·Ap1oal nau,m.tr 
a1tahtl:, 

• 
? S!lor, PN•a,atolto M11"1 e\enoaie B11sh,t 

I 4 · ,.ditld.nul1&t. 0 l _ t ! 

s . B.E. = SUbacute bacterial endocarditis. 



,ip<>n the pul.molffl17 circulation .tor its se»el'&tion. 

Acceleration of fil11ns o~ \he left ventr-1ele $3 ceuse tho 

dimtnutLon of the rmur. tU.tl"Gl teno.aia. howeY(u•, w1th 

it mu~ maxS.mal at the apex, doea not produce mu-11-11' U.. 

a.ame probl ot ditterentifll '118gn()81&., and 1 t mQ' nll be 

that the blowing teat mar prove of vaiue 1ft. , .~. lnd1n,g •~a 

ocCUPring 1n the m1t1'8'.l area,. resembling those of w.tral 

stenos1 , from 'the true ~rs or , tral etenoe-ia. 

Thus, hile ,he blowing teat ba& 7et to be eztenaive1y 

t:ested be~oN .tinsl ooneluaions cm be drawn, 1t is tenta .. 

t1vel7 off'ered aa a alp or value in cottnrmtng the diapoaia -

of· p tent ductue: &l"t&rioaue .. 

'l'he murmui- 10. :frequeniir acc-~an1ed b7 & thrJ.U. 'fbia 

t!U'S.ll. mq be contt.nuo,u:i:, qe:tollc or diaatolic in ti:me, and is 

WIU8ll 7 telt at the point ~ ma:umum intensity or the lllU.1ml.U"., 
" 

iro ( 1944) t'oUlld "he ~111 to be t>reeent- 1ft Bo;; of eaNn. 

!181.ld 1t1,ott ( 1936) .found 1t r,,re.aen\ in about )0, }• while Jfltliea 

BJtotm aaaens that it ts pNaent 1n 11bm.lt 50~ of ,caaen. In. -

tu pN8tld eer1ea., 1\ ft8 observed 1n hn out o'£ cleYOn eaaea. 

9trh,ard-t•e •p+tfbonn ~ull9oe ffl81' be el1c1Mt4 in patients 

1fi"\h patent duetus utes-1.oau. Th18 1a an area 0£- 4ul.1-s& 

.in the aeooad and UUrt\ len lnte!"l)o tal apamt& ne~t to the 

ateJ'll'.Um. It is 4\$rlbuted to @larsecant at the pUlmon81'7 

arte17. uuir and Bron {1,32) ma1ntatn that the aig_n mf'17 

neely al1ff.Q'e be f'otmd in adUlta. but ia orte absent in cb114Nn. 

Tb1e a,- tement is aqpporied b7 Shapiro and Y..eya ( 1943} • who 

'' 



t te t tin a ult& 1lat tion of the pulmonary &Meey is n 
al.mo t in r1able ftnding, but 

01: O ldren. 

111) The B1ood 

t t s is n t in the case 

det811ed t e of the blood preosul"e ill tent duotue 

t, 1t o:tten been 
r, ed t t the st char cteri tic re ture eho by blood 

pNnurure Peading in p tent ductua rterio u i a large pulse 
pre sur • Thi , in eases ot n<ie due ti, 1Jhet>e the elmnt i 

eonaid r ble, cloe lJ' re blee that n in ortio regurg1-
t t1on. · be e7stolic pre• ure reTcu1.l little tbnt is ab,. 
no 1 1 but the di oto11c, 18 often low. 

ten dUct1, howevcu•, have shown ri"e-ctly no l blo-Od pressure 
re 1.ngs; eo t t a h1gb puloe l)reaaure, gain, 1 not an 

1T) The hn Te&t:- obn 1n 193 desert te · t ,, h1cl1 he 

co1'l! idered to be or eat T lu 1 the dtagnoa1s of patent 
ductue arterio • The test conai t of taking the blood 

pressure reacUnge t reat - several read1 s boi taken. 
The patient 1 hen aaked t.o perro 10 or more squattl 
exerc1 t fair aped. lood pre.a ure res 1 re t ea. 
.t ~en ......,~wt tel7' ut.el' eomplet1on of th te t at iwapid inter-
'f' la. ccordi to ohn, in ate t ctu rt r1 the 
systolic pNtsaure ria a after xerciee nd the 1 atolic !'alls. 
In one o his ea 011-cln'ia. ( 1945} and 

Veaell (1944) have found thi te tot v lne. ilc-hriat in-
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a:h.ould be perfo 

a.11.ould be taken within. the f'lret .. :tnnte af"ter ~the exe:ro1ee. 

{See tracing after Oilchrist} 

.ersonal experience with this teat (Table 4) eannot 

Bllpport the c lai s o'f Bohn,, Vessell 

of he patients wae a large ino:reae 1n the pulse pressure 

observed. 'rho test ••a repeated several times with eaeh 

pat.tent, w1 th different observers. 

Within 25 aeconrts of the complet1on o 'the exe~ise .. 

a-t the table& will reveal the reeuJ.t of the te tin the 

pre sent se_r1ea. 

A d1tt1cult7 wh1ch was experienced i~ car~yi.ng out this 

test. end which bile not been etre aed by other authors. baa been 

the 4eteffllina"t1on o-r the d1aatol1c pr eaure Nading. This ts 

tr quently dtt~icult, av-en with the patient st rest. and 1& more 

so after exercise,. because af'ler exercise the aounda beoome 

louder, while the chsnge in not-e beco s F.ore gradual. . rn 
o\ber wol'ds,. there ta n-o abrupt tl'anaiti«l -.rrom the elea!' ftote 

to the "mutt'led~ one. The sound. -·q bo heard -to a point on 

it may be thllt other •ners have used 

or the diastolic prcasure. 

In new or the uns-atiefaeto17 nature or the test 1n 

required. e no information about the et:tect of the test on 



no 1 people ·a provided by Dohn. ilchri :t. or other,, 1t 

n · ol.Wioua tbat thie e the r1rot queetion to . be d 01ded. 

11nd1v1duals ere ubjeotea to the test and 

ings recorde • SOtle 0£ theee r 1n .bl I When 

t 1 compared nth the re d o the p ten't uctue pat1enta,. 

it Will be obeel'Ved th t there 1 11tt.J.o, i t.Ul1'. d1ttterence 

n the r adi • In feet, it wotlla ppe r t t 'I r 1 

relst1vel7 grater increase 111 puloe pressure 1n not'fflfll 

in vid ls than in patent ductua ie~ t , when one con.aid ra 

that int. latter the pulse pressure t x-o t 1s lre-aay l ~ 

t in the no l 1ndiv1dual a tter ot tnteNot, 

r re- di o ft taken fro, peopl .1th a rtic inco te e • 

with • 1 r Nl&Ults. The ie 4 · tt1culty eX!)erienced 1n 

observing the alte tion 1n the not h . n N ing the din tolic 

pr aeu , a had en t c ee wit the 

In man, the sou cou1d be he rd to zero, 

It c be concluded. t &re:tore, that 

t le st, the Bohn teat haa not be n :rou 

tent duotue cnees. 

ter xeroise. 

a in preaent h da, 

to be of d1agno&t1o 

value• the clalm of Dohn nd ot l! rs cannot b eubstant.1 t d. 

(c) ripheral Vessels. 

The ripheral puloee in patent d1.1Ctua rtei,10 us rn83 be 

the coll pa or Corri n type. This is obv1ou 17 re 

likel.7 to be the ease where the shunt 1 1 rg , s in wide• 

bor~ duot1. Fiaanck (1878) stat d that p 1 u par~ oxu mq 

encounte d. Th1a wa ot o rv d 1 ~ the cases of' 

• 
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t preaent series. I och81 r { 1891 ) obnerY inequali t7 

of the pu o~ the two side. c ses at the 

present sePie were teeted b;v th o.sc1 llo aph. tn one 

p tient (aee tr cing) there • ef1n.1te iner oe in the 

litude o t right pulse a co a.red with t e l tt. It 

1 fel.t t thJ.a cannot be ttribute · to co l"Ct tion or the 

aorta• bee us the narrowing CUri ueu 11.J' 

It mQ' b t t the shunt of 

blood t ouah h ductus, which lies almottt rp oa1te tbe 

origin o:r t left subclav1 • 
conducted by t l4tter .. ubry (19.30) rn 

diminution of the .femoral pul a a.onpal'e With the radial 

ia in tc t'J.ve of slight ooarctation. In ll. the present 

aer1ea the 1 g pulses were very cl.e rly ~elt. nor was co-

arct tion. ob rve in any o~ the ca e at o r t1on. ilchriet 

( 1945) lie\tes that thS. 1 the only sign 1tbe . b7 coarctntion 

be etect 1n the t'J.rst c e, a · t cha cter1at10 

radiolosic 1 re tureo, such ao ri eros1on, ueu llY mn1.test 

lvea ta l ter age. 

( d) ~let!>;[ £&ptq. 

39 

r naeone alrea.dy discus und. rt o p r on ph7Biolo , 

t:be per11>her l blood flow 1n p tlents i11 th tent d t11S should 

and waa 

uurementa 

It ,a 'Eo 

. 
tudy or hie •set at rerore tndica'ted,, 

the pleth7 grs e , thod · or 
that the p l bl.ood lo 

ts {1940-1945). 

1ns reat waa 
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tedl.7 nat in all case · he Tll e ol , as 

ind.1cated in ig. 12, s 3uat regietr bl• t Bbape, h.ow'e"Y'er, 

1ng 1n no a tm rmal. The r t.e ot blood flo • a cart.au-

lat b7 t venou co estlon t at, w: s oco 1 17 dit:J1n1abe 

be1ng onl,7 4 oc per inut.e for 100 co Of ti on tbe av&ra.se. 

1th t releaae o the vaaocon trictor to , s ach1 ,ed 07 

ofJ:s heating, theP d8 • pronu,t inoreaee or nll t value, 

and the no l To i .let tion level w e ehed. bis was 

f'ound 1n all he eu ject teat n t vasoconatrictor tone 

diminiehed, t.n1cal ster•ba. r ulse as eg1et.ered (Flg. 13). 

It is~ e that 1n tbe nol"Dll 11kli.Y1-duel the ulse-, 1th the 

rel e ot tbe v onstriatoi- tone, lo a h ot typical 

d1crot7 nd baco e more monool"O-tic, but the de reo en 1n 

the c se 1a 4efin1 tel7 ebno · 1 1a only otbel"1f1ae en 

in caees of ao~t1c regurgitation and arterio-Yenou &neUJ.7 

It. can t.be fo e be lethy p b1' 7 be or ftlu 

in the d1agno 1a of patent duct arterio u 

pl.et gr· ph1c trac1n t n dur1 t bl 1Jlg teat 

1 rei,N>dUc d in ·ig. 14. l tbo · b a co le · 11'81e o Ula 

tracing cannot e 1ven et thia at e~ neY rthelees, · there are 

a findir,.g wbic atte o inte It e that with 

the in.crease o the 1ntrapul.mo th.ere t:1aJ' be a 

crea in the ~low through t the orta to the 

nary a e • If t 1s io o# . 1t is the onl.7 ch 1n 

t hae 1cs,. one would e.xpec't the er1plleral blood flow to 

in.ere a • Howeftr, a& 1a e en in 1g. 14, this app rentq doea 



not. occur_. 

1fill al 

But 1t mu.st be Nmlfml. 

ffec the he rt output, 

d, t t the lowi te-et 

o that the ph781oloa 1e 

a 1t , ppears t 1rat ht. point that 

sob n , , ch 1s ot tnt he f ct that ol - 1ng 

t ~1o· n, the pulce. hich a monocrot1e in hp, 

the no l erotic. ohap • Thi 1 never n 1 oth P c.irc 
at nee in the p1etb7orno nte p tent due us · 

a terioaua, when fUlly dilate, nd t expl t.ion 1 not 

quite cl er. 

(e} The Electroca£Mq1!!5!. 

Electroo . iogl'tlph1e atud.1 e on the at · :t duotue a:rter1o--
sus have en extensively pert'o 

( 19~) ~ hapiro ( 1944) othera. 

db: variou orker, · Ohn.it. er 

he conoltl81on t t c n. be 

dr wn from tb.e1 wo '". 1 that there 1a no cha oteJt-1 t1o t c1ng 

t can be att~ibuto to the p tent dUOtua ·rterioaue. hb 

jor1ty o£ tNC1ng obtained were pbysiolo o l { a 1n the 

preaent aeries), but a 11 ntambe~ o t ol · r peopl· 

s na "It# t1on. 1g4 t an dev,lat.to 

atill ere l"aNl.J'. ?hie 1\\ct, ccol'41 1st (1945) 1 

of at lue in d1tterent1 ting p tent uctup arter1oau h 

41 

pu r., tenoau. 1n which 1 t 10 t. rule { lo.xan4e-r,. ght / 

.;lli te, 1925). 

Gile iet. ( 1945) -r l to observ-e r t aX1 at.1o. 

1n any of: hts aeries, an left 1n f o . the adult case 

~ehrd t r ( 1940) • t'eporting on 70· o ea, tountl r11}lt. hirt 1n 

one only. Shapiro (1944) d1 cu 81 62 c e • observed a 
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phye1olos1cal tracing 1n 52 case• bile the were 5 cases 
ach o rigl\t and left 8%18 eviation. J nee• Dolle7 and 

Bulloek ( 1940) de cribe oorne or the minor r1at1ons h1ch mqo . 
be ncounte11e • eee are, prominent w ves 1n leads. II and 
III. not 1ng of the w vein lead I 1 depression o~ the s-T 
interval in leads lI and III, etc., etc. They are of no . aignificance and extNtmel.1' var1 ble. 

It may therefore be concluded with .pir-o and oth~e,. 
t. t t el..eotrocardiogr 1 of Y lue from the neg tive po.11'lt 
ot View - n abno~nl tracing being evid nee g&inst the 
diagnoaia ot p tent ductus arterioau. 

boratory 1'1nd1nga are not 81gnif1.cant in p tent uctus 
art.crioa a. ·1lch1'1st ( 1945}, who does not find any sign1t1C1lnt 
blood picture changes. states that compensatory pol.ye · aemio 
1a not seen a counts of. 5t. llion rod cells, or ore,· re 
rai-e. Int e present series there· s slight no cyt,1o 
naem1a in one or two eases, but otherwise little or note was 

observed 1n the blood picture, urinalysis, etc. It 1s poaeible 
that t vit l cap cit7 1a7 be p ired ~t statistical stu41ee 
ere not available, and this ~ter 1 still be1DB inveatieeted. 
The • , aoco ing t;o · tewart and J ck ( 1940) • as in otber 
to of congenital heart diseas, 18 no .ffeete. Tbe blOOd 
urea waa no 1al except in one case, in oh, on one occas1on 
onl.7, it.w a slightly eleYated - but no 1gn11"1c e waa 
attached to this. 
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'l'AJWI 01 SYJIPTOJIS AJID SIOD AS :IOUJID IJJ PRISIBT SIBDS. 

Race, 
Age 
a: Sex 

TiN4• ataxia Y\ll- and I ental Pallo · Gerhardt 
J>T•pnoea l:Si,1• I con- Clubbing Aooid- · · 1 I j I 
ne•• aiona Cyano•1• diaooT'el71 JSuild. I Kunmr j!hrill Dullness 

:S.J' aged. ·20 - +++ 

c. J'• 18 

1Caail7 
E. x• 12 lt1red 

B. :I• 121Dyapnoea 

co.K 0 ' IDy•pnoea 

C »• 

E J'• 

B J'• 

B .,,. 

• Jt• 
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8 -
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l2 IS1ight 
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ally 

,school 
1:Bzaa. 
1 

lAccid• 

I 
l. 
' 

ental 

Nonaal lGibaon +to & 
· fro 

Bormal. lGibaon 

1Th1D 
Pale IGlbaon 

+to I: 
tro 

rI:c»]i 
' I 
I 

+ 

++ 

I 
I -

rfoT?rorB11ght 
Obe•• t.11ght I'' 1 • 

:nauae 
Smal.l 

. und.e t,del,, 
f Telop• !Gibaen 
ed 
iU.2.gh't 
Pallo.r 
JJ .B. _ .01. baon 

ISJl&l.l 1 
but 

1normal !Glbaon 
I 

•orma1 la1bao~ 

Slight !Gibaon 

+ -+ 

++ 

+-+ 

++ 

+ 

I • 

i 

i 
~ -
l 
i 
l -

i 

I+ 
I I ' Bonaal lllarah I 
auto11o1Syatol1d -

I 

lBmmal ,. llarllh . 
j ayatolic! 
I I i 

+- •Te 

.- indicate• patient who ha• been operated on. 

Blow- • Hoch- Piethjal lieotro 
Leg 1ng Bohn J'ranlc ainger mograph oardie.; 

B.P. Pill••• Teet !eat Sign · Sign J g:raa. 
' I 

126/68 : -t- + 
, I 
1 

130/80 l +~ 

96/48 \+ + 
l 

i 124/461 + + 
t ' ., 
I 
1 104/58 I++ ! 

: ·120/50 \+ + 
I 

JJot f 138/56 , .,.. 
Done ; 

~ 

Not Bot 

,.ye 
' • 
l 

done done .ye 1•T• 

+ .... jla0/48 -·· -·· 
- ~-.;---~i 

++ . 130/32 • .;.. -·· 

-T I I 

Bot i lot -•• 1-ve 
1 

-Jon~ done 
: 

N&t · Bl)t 
done 4one 

-Te . .,.. 

; • l29__L68 i+ + + -t 1140/66 .ye -t-'Ye 

~ ' I , 
\ 110/66 l + + + + i 130/65, .ye ' • .,.. 
f 

t 120/64 I++ 
! 

r i . 

~ + 180/66; •Te J•'Y8 
I I I . ! I I 
i 90/60 i'+ + . l_l6/55f -Te . •Te 
1 - ; - UJlll&t • I 

I I 1•- • I j 
1 110/64 ++ ,tact• , 126/70 ·•• : -•• 
.i ! oril;r i I 

i done _I l 

liot 
done 

• 
'later 

?lot 
done 
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Bamer I Bonal ~-· 
• • 

Bot 
done 

' 

Iot 
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I 

• 1 • 

i (l'ater 1 
(Barner 1 BHMl 

TPulae '' 
' • I Bot done 

• Normal 

unaat­
iataot- i 
.c>l'Y~ ~J • 
Bot done 
c h ild 1· Bot 

1 
too done. 

· ·-11 
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•:r• JJote: Since thie compilation another patieat J.G. baa M•n operated on. 
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~.A. v!G · or 'tYPloal c • of P ~n, J>UotQI. 

1\'lH. enle.rpd pulmonary cou an.4 pl'Oainen, . 
pul.®net7 vesael•• 



dioloq. 

In the p tent uctll8 rt rio u, a in other fo o1 

hear dlae ee, ~he value of rrullology c nn-0t be eve et'.l)has1&ed. 

lhi le all re in greer.:ent t h t the di 8JlO 1 cannot e made by 

ra 1 logy lone, 1 exact v le 1 p rhap bet r ase -:, 

ptnger nd .... 11 ( 1940}. 

•suggest the di sis, eone't1tut to~ en-
(t nee, and beaJt wit.mH,a as to etteetive.n e o cure". 

t con n rat.U.ologtc 1 1 1 r1 lline 1n of' the 

a1 t"• o t le · bol'de:r o~ t t, 1 tely bove the 

b t left entricle~ a een on t 1lhouett. • 

T us, er1oneousl3', is o:tten a tr1butod to t pulmonb'F con 

( · b1 cnnnot be seen on the orc:11 r7 P. • ti ) , but actuall.y 

it 1e due to t enlarpment o the pull'noll!U'7 artery. The 

original ob e at1on was . . de by Zin { 1 98), t t th1e 

bulge o t p na17 artery 1 o en re er to s x-rq 

cap or Zinn. ' 1t1eb utborett {1938}, which 1 t at nd .rd 

wo loy fl7 r-adiologic l aepar ,;it, eacr1bea the 

increa 1ll ize of the "csptt with ~1r tion its t'iecpe se 

. on 1nap1rat1o a sign a been ll le.r, but 

none ot oe ler t ce to 1 t. nt 

o U. pu ·, r7 rter:,, ich ten b 

clearly b the 1ght ont-erior obl1q e Yi w ( ruir d Dztown, 

1932, Donovan et al, 1943) 1& t ceaaaril.7 resent (Gttoas, 

19!JO), ut it io the c one t 

'7 reac urye l propol"t otl8 ( J s 

43 



, 

Right oblique vie o~ ca .. of patent 
4uc~us a1,'"teriosus showing bUlge or 
puloonary arteey u.arked "P"• 



• 

Brow, 19.:,9). It present 1n 821' of o see ot novan t 

l ( 1943) nd h e been obeerYed in every o ae or t PM ent 

eri a (r.table 5). The pulmonary artery nlarse .ent 1 ary-. 

ingl de ribed being very pr incnt (~r1er, 1943) end not 

exc aaive {Donov net 1, 1943)• 

nlarg ent uggeat1ng other 

eueh . a pulmonary tenosi • The t 

l te re ard eaoeaa1•e 

ted consent l ano · 11.e 

u by the uthora 1 

not nee s r11Y be :reg rded s being contrad1ctoey, as ome 

believe, th t at 1ghten1ng out ot the no l cariiac 0 wa1etn 

slrea y indicate cons1dereble enl r 1ent ot t pu on 't7 

It would, th.er fore, pe upon •hot . reterence 

ie · bei made to the ulm )n 17 rt 7 1 t.ael:f or to t bulge 

eor1be t l't on the e1lhouette. 

Jamee rown (1939) emphaa1eea that tb X•l' p ranees 

re considerably atteoted b;y t age ot the p t1ent the 

volm e ot the shunt p rmitted b;y the uctuo rter108U • To 

these y b · dded th taotor& impen 1 ilure nd . ubaeute 

ll oteri 1 endoo rd1t1e. · oroes { 1940) et tea th t in the t1i-at 

2 ye r the:re y be no bnorrrmli ti e to deteote rat11010 1 .. 

c l1Y, but that atter the thi and tourth o:r the ppe r ncee 

may e cbaracter1 tic. 

arked c rd1 o enlarge nt 1 the 11oat1ng 

taotore (aubacute bacterial ru1ooal"d1t1 _ d f ilUl't\} 1 con­

e14ered to be the exception r tber t n the rule· (Roealer, ;9,7}. 

Slight enl rse nt as 1na10 te4 b7 o rdi t orec10 r t10 of 

.. ore than o., a seen in t e o e o the present series. 



Two pl tea copied trom the l"t1ol 
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noven et al (194,), who atud1 d 50 oaees o rat don 'by 

roe • maintain that left ventr1oul r onl rgem nt a cl1ocern1ble 

1n their aeriee 1n 7&:S ot eaoea. these t"1 ~ ha.Ye not been 

eubatantiated by otb re, and, 1n dd1tion, the c,1ter1 theJ 

loy £or 1 1cat1 left ventricular enl rs .;ent are not olea~. 

eaale~ and as (1913) res rd left ventricul r nlargernent as 

ind1c tins the aeaociatlon ot aort10 tenoe1e or ooarot tion. 

Eppinger, nell and OJ'oea (1941} h ve et ted that should 

th m1tr l valYe be too small to ooo , oda.te the 1nor aed i'low 

ot blood into the lett ventl'iole, l tt ur1oul r en srge .ient m&J' 

reault. .. hat let. au~1oulsr enl r n\ ie encountered radio-

logically, 1. an unqueet.iona.bl• ~act. but there ·1a ooneider11bl 

ditterence 1n the 1nc1dence encount 4 by• r1ou worke:rs. 

Roeel r {1937), su an, Or1sbrnan and Steinberg (1943) t1nd left 

u 1oular enla gement to be Nl' • The lat to ooulc ind det"tni te 

oeeophageal displ c ent 1n. only on o se in 34. novan et l 

(1943), in opposition to all other Yiewe, reg r4 let'\ aurioul r 

enlargement a& being one., or the oo nest t'indl sin tbe1r 

eaper1ence. _ y reoor4 an 10.01 enc 0'1.1 71,-r. ' hia fisurer.,ia 

eo remarkable and ao d1tterent trom th :rper1ence o othere., 

thftt there 1e he&1tat1on 1n accepting 1t. he :t1gure, repl'Ocluced 

a 1g. 15, in which they 1llustr te d 1nut1on in the &1z ot 

the left Viole after ope~at1on, does littl to encourage 

acoe tanoe of the1r f1gures. · he t o plat e ar not :comparable, 

a the patient 1a not in tbe same po 1t1on in the ostop ret1ve 

plat in the p o rat1vo on • latter 1 eh, that t he 



poete.r1or bo!'de~ of' the h.$&.l"t, inolUdlng the alleged leH 

uricle, overlo.;po tlle vertebral column. h1le. in the fo~l' 

the rot tion 1& nmch m.o!'e, thereby 1ncre suis tb.e retro.oaN11ao· 

apace aa a whole. It wuld be ~ust tc• condemn the1tt tecbnique 

on o.ne f18Ul'et pet'baps oareleeelf 1D erted, but unt1l con­

tirmati.011 by other ·1orkeH takes place, lef't aur1culei- enlarge .... 

men.ft y be regarded a8 be1.ne; oompart.rtively r N• In the 

pre ent eerioa, where eve17 known method was us d to tllu&trate 

poao1ble le.ft nur1oular enarsement, 1nclud1ng the recumbent 

barium awellow, definite enlargerrient was observe 1n two out .of 

ol v: n oaeea onl:,, and eusp1a1oua evtdenee eoen 1n nothe:t'• 

·orged or conseated pulmonary veat1els ·re t~equentl.U 

aoen.. In the pi:-eSfJllt sroup 1 t w observed 1n ell but one 

caae, being the second raoet oommo:n t'1n41ng. 

Fluoroaoopy baa been regarde a the inoat • luable part 

of the rs.d1olog1c, l e~1Mt1on. and k,moiraphe, although 

Y lu ble, NHS rded aa being an uns t1st' otol'Y eu'bet1tute. 

woaaler and Baas {1913) rem;u,ke4 \hat e,ceeaetve puleation could 

be obsened 1n the pulmoniH\V artery, whtle H'UbenJ {1920) 1 re .. 

Y1c,,wing the litentul'te, oonoluded that t moet valu ble ratio• 

los10 l s1en waa the exo.ggeNted beat of' the lett vonti-1clo and 

pulmonar1 artery. Eaees:r.:ve pulsation ct the htlar veaaele • 

ref'erNd to ea the "H11er.- I>rtnoe•t, ol' Aa · n' atgn, may oleo be 

observed. DonOVM et a.1 found 1t Pl"ll&ent 1n 3Sr ot caaee, 

while 1n the »resent -er1,u,. it wee observed. ln 4 oases, or 36%• 
KJmOgraphy illuatratee e.sceaaJ.ve pul .s\ion taoo, but .tn o» planie 



~ypioal qmogr ot patten.I wi 
pa u.u \1JII ar rioa • 



-n1. pul at1on of the pulmonary rt r-:, ( ee Fl. 16} 1 

natur 11 ot h v acular type. 

To the a amentnrium ot the rad1olo ·1 t 
od 

1nv tig t ion e be n dde by th v nt o 1 oo rdir;>gr pl\v. 
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· Thi ea tte · ted 1n one oasc ot the pr nt er1 s. but eo 70}1 

41odr at a not v 1 lablo, 50'; ~ d to b ua d. Tb . ooncentr t1on 

obt 1ned 1th this uns t1 f ctory, so th t tt mpt have 

b en teropor 11y ouopended. 

B7 this no the outlin o the chrunbere o th heart and 

the re t v eo l (bu.t not tlle patent duotus) oen bed onsts,ated 

( e ~. 17). te1n erg (1943), ho h ve 

ua th xten 1'f\ 1Y, m 1nta1n th t v lu bl inrormation 

tor t differential d1 gnoa1s o oongeni t l he rt dl. eaao ean 

be obtain d. In pt nt duotue rter1oaua o e , 1t provid 

pr-001" thot the prominent ao•o lled "pul ,o f."1 conu " is due to 

p r, rteey• not tber .. di t11 l elli a, but it 1e 

ot rtioul r Y lue in d1t"ferent1 ting other o u eo of enlarged 

......... ,,....,_ ... 1 .. • , co .lox, patent inter-

Y ntricul r sept ~ It 1a part1oular~v int u ttul oae , 
there .or, th t this e.xam1nat1on 

Th or import t r d1olo 1c l ev1tlenc re , r1zed 

111 hat bl (5) M theiP 1noid nee 1n the preaent series 

i ic ted. 
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'l'wo platee th e~l tory di e 1llu trat1 the 
'hlu o aoa1ocard1ograpby. traction aneU17am of 
the aor\ 1, eeen at the point ot oJ'1gln. or the duoiua 
rterloeue. Tb.1• ia a poatoper t1Ye picture, and the 

patient had uperi.ml)oaed aubaoute bacterial on4o-
oard1t1e. ( fter teinberg et «l) 



RADIOLOGICAL FINDINGS IN PRESENT SERIES. 

Ga:rdiac Enlargement Enlarged Enlarged 0Roesler 1s Hilar Pulm. 
Name Age Total ..,. ventricle L. Auricle Pulm. Art. Sign" Dance Vessel 

Asaman's Engorgement 
s1Jm 

F. B •. 31 -ve +Ve -ve ++Ve -ve +ve +:+Ve 

ti. A. 18 -ve -ve -ve ++ve ++ve +ve +ve 

S. H. 31 -v,e -ve -ve ++Ve ++ve -ve +ve 

J. L. 12 -ve -ve +v-e +ve -ve -ve +ve 

E. F. 8 Slight -ve -ve +ve +ve ++ve ++Ve 

H.B. 4 -ve -ve -ve ++ve ++ve ++ve ++ve 

R. r.t. 6 . Slight -ve -ve ++Ve ++ve ? ++Te ---
B.H. 8 Slight -ve +Ve ++ve ++ve ? +ve 

N. P. 7 -ve -ve +ve +++ve ++ve -ve +ve 

J .. G. 12. -ve -ve -ve +ve -ve --ve +ve 

T .. R. 12 -ve -ve -ve +ve +ve -ve -ve 

Total 11 3 1 3 11 8 4 10 

Figure 5. 



A,, p1aegats. 

one o th e o.ne f<>f' the lo l p , 1n ti b t een 

unro' ( 1907) o~iginal suggeation and oroea•· ( 1939) ctual 

euac se,tul o;p . tlon, had been t d1tf1olllty 1n bsolute 

d1agnoa1 • 1noe the work ot · .aud bbot • • . .-Nlffll and 

other• 'this ls no longeit the o ae. Groae (1944) roaintatnett 

that the d1agnoe1a can be made '111th 100: e .. t.-t· inty and 1n his 

eries ot SO ca ea, only fo~ had co lie tion t operation 

which made surger7 ln dvieable. . spiro nd Jt ys (194,) record 

2 case o 1staken <11flsrl0 le out of tot l .ot 140 c • e 

moet 1ngle, uaotul of dtaanoat1o fe tUPO · the Olbson•a 

Ul', . al at the second le, int rt c , b • l.thougb 

thia may be $baent, the 411i8tto 1 can till de. Gross 

h do r ed sucoessf'ullY on two oae 10 pl"Osent d a eyetol1c 

murmur onlJ. 

he criteria tor 41agnoaie have een 8'W'tr. r1zed by ahapi~o 

( 1944) s being 

( ) The rnnchine ru mumur 

{b) Thrill 1n the pulmonic ai-e 

{c) Enl rg0 pulmonary rtai.7 

( d) Enlnrged pulsating ;pulmonary •eeac1l 

(e) nl rge e rt 

(t) Inc~e eed pulse pressure 

( g) t unt1ns srowth 



(h) baence or oyanosis 

(1} No l l ct~oo&~dio r 

( j} I1sto:ey ot rt dis asn tro early childhood. 

h1 co rem, 1v 11 t include pr ct1o lly all t clinic l 

tc tlil' a of the oona1t1on, l!any of them, ho over, r be 

bsent 1n ny o ca , o thnt 1lcbr1 · (1945) . 1nt tne th t 

the c.r1ter1 , oth r than the 01b on*e mu ur, 1eh are .of v 1ue, 

1n order or their 1mPortanoe ,, re inc e in 1ze exoure1one 

of the main trunk of the pulmoMi-y t t-N, inore e 1n he pulse 

pr eeure r v t 4 by earoise, and lone, h rsh n:,atolio mu~ 

her h lo th inner end ot th let olov1ele. (Ith B alreftd7 

been po1n d out that the xero1s t t b not been found of 

valu. 1n t pre nt 1nvoat1 at1on.) rhap t diagno 18 can 

be e t a 111' rorn the c .. iter1a g1 en by Uir and -~wn 

{ 193:2) , who 'Ee l thnt the es ctnt1 l ctt1 te~1 are, 

{ ) cl 1nery m ur 

( ) Rough• long syetol1c bru1t in 2n 

cone na ion, eo•ntcu tion or r duplication or the 

2nd ound 

( ~) rhal'dt • ribbon dullnee 

( d) nl re pu n ry ~\cry 

( e) c . let baence ot eympto 

The diagnoai , ceol"dtng to the , r, y 

ot any t, ee ot the above. 

de en the ae oci t1on 

mhe p tent d,uot,u .r-terlo u , usu 4t; pre en.ta 1 ta lf 
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Olinloally by virtue o the murmur Which it produceo t the 

baa of tb he rt. It 1 obvioua, th reto o, that the condition 

mu t b dift'eNntts·ted fr'om oth r lee:f.one proouoing a1m11ar 

nrurmur • Th e -re cert s.n b e 1c r et1on l · urmur , 

rhe t1c heart 41eeo and other concen1 tal anomal:l.ee. D1&• 

cu e1on of the dif"terenti l 41 gno .. rom ne s1 le ·eature, 

uoh the murmur, lone would nt 11 d1ecuas1on ot he· whole 

subject o oongeru.tal hoa:rt diee ae, b1oh 1a not 1n pl oe 1n 

tbis thee1. Th discuso1on 111 thorefore b confined to thoa 

atto lies hi h present 1n 641 tion to tbe tnU1-our · lso ouper­

tio1 l l'adiolo 1o 1 i-esemblanoe to the p tent ductu , that 1 , 

thoa which p!'eeent n enlar ed pulmonnr,r l't • The , 

so 

ocoJl'di to aua an et al (1943) re the int r• trial eeptal 

detect, 1 iop th.1c d1l t tion o th pulmonary rt ry, 1eolated 

pulmonic tenoeie rith f.\ dilated pu n '17 rtery and Eisenmenger• o 

co lex. 

The emic o.r f'unot1oMl mUl'l!l\lre · ro o , tim continuous 

nd obaerv d chi fl:, at the base- They it ho ever• do not preaent 

the ha h note oh.aMoteriotio of Oibeon•s murmur, but, on the 

contrary, re soft and blowingfii Ra 10 murmur& y b excluded 

on th tolog1o l t1nd1nga, but on wh1ch giv r1ee to ome 

d1ft1oulty in young oh1ldven is the ao-call d ""venous hm'* 

(Shapiro, 194f). Thi • .enovat d by he neck eeel , 1 obsened 

over the ba e prtncip llY, end iB sott d blow1 • It m y be 

abol1 bed b1' l'Otation ot the hea from · .ld to side, o~ bf' di.gt tal 



comprea ton of th neok veesela. 

'J.'he r.t!mJlUX' ot. a,ort1o ~ncoffiI?eten;ce 1 one h1ch s •. t1 

provide considerable d1ft'1oulty 1n d1ftereni1at1on, tor• not 

unoo only, a rh& ts.o history y be o t 1ned. 1~ oa e ot 

pa tent uotu as-t.er1osua (two e ee of t . preaent r1 s hs 

such b1etorie ). tn addition, the pel"1) e al blo tindinga 

and the eite of maumum intensity o them ur may b e1 11 r 

to th t 1n the palent ductus a:ttel"1oaua. owever, a break: in 

tbo continuity or the murmur, due to a paus b t en the eyatolio 

and diastolic componenta • is neal!'ly lwa3,a obt 1nable. Rnd1o-

logicall;v, left heart enlarg :ient r. 81' obtained, · h11e th 

pulmonary · r'tery egment wtll not be at octed. t ts 1n oon-

nect1on with thi murmur that 'Lhe blo'11nJt teat. · volved dul:1.ns 

the i-eaent. 1nveet1gat1on, h proved o gre t 'f'alue (oe table:,). 

tral atenoe1e ·does not, e a rule• enter the d1.tferent1 l 

d1 cusaion, as the murmur is ht'UU'.•d beet I t th pex, and ta 

usuall:, ao veey character1st1c. In patent duotu artei-1osue, 

111 p1te ot the f ct that 01 the:- or ot.h the s7etolio and 

dl atol1o el nts may be oonducted to the epox. the closed heal't 

ounde c n usu llf' be dlaoemed quite olearlJ' thl'ough the con-

4uoted m W'• D1tt1aulty y occur bt,n, e the result o~ 

subaout.e baeter1 lend i-ter1t1e, oompl1c ting the p tent uotue 

S.flterioeue. veget tiona have oxten4ed to the ea.rdiac valves 

{Tou:rott, 1943). It uat be e~hasize thnt an enlar1ed left 

auricle doee not exclude patent duotua J"teri.osua, e is often 

alleged., 
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It 1 when the continuoua nature of the~~ 10 absent. 

as 10 sometimea the case, tbst the most ditnoult7 1e expe.r1onoed 

w1 th the d1agnoa1,t. 

as 1s oceaaionally aeen 1n ;patent duotu artettioeua, 001 be 

observed 1n aevor,al other eondittona, such as pulmonax,1 at9noaie, 

end othetts alread1 rof'erN4 to above. Some. it baa been aald., 

'tl'lQ pNt&ent an enlattged pulmonaey segment, ort raMolog1cal 

exam1n~t1on. TheN are, however, usuall.7 other additional 

teatuNts whiOh make the diapoale clear. The absence ot a.n 

accentuated Ol' Ndupl1cated second. aoun4, such a is tbe rule 

•1th patent ductua ai-te,1oeua, 1a in ti vour o't pulmoMl'I' tat·el\0~1a. 

Condi tiona othett than patent ductue ar-te1•ioeue Wh1ob present an 

enlarged pulmona:ey &epent, u&ually show rked gen.ei-al oaP41ao 

enlargement, ... a teatve dJ.st:1ncil.y rare in patent ductue oases. 

The emphas1o 1s uauall1' on the right ven1~r1c 1.e I ao 1n pulmoJ'18J'1 

atenoa1ai Eiaenmenser• a <H,mpl~x, eto. , at d th1& 1s osso.e1atea. 

with right axte deviation on the electx-ooa:raiogr Intel'-
a-n.c· 

wa,rtcular eeptal dot'ect um.tall.7 has a amall pulee pressure and 

enlai--gement ot the l.ett ventricle and both aurtolea, whioh ts 

o.tten conetderable. Thie 1e partioularl7 striking in t he ltft 

aur:l.clo, when the doteot 10 compUoated by 1tl"al atenos1& 

(Lutembaeher•s ayndt'Otne ) . With the e,ccopt1on ot Eiaenmenaer·•a 

oomplex, 1n wh1ch the aorta 1e norm 1, cun4it1one wh1cb prOd.uce 

an enl rged pul.monaft';y arterial segment, nnd Whtcb have to be 

dit'ter n.tiated trom the pat•nt duotue · l"ter1oeus, usually have 

* relatively small left heal't chrunbe~ ru d the norm.- l aort1o 
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knuckle le not een on the P. • t'ilm. 

The ay tolic mumtJ1' of t.he ;eaten~ ,;n~ rveatric.ular ,'ie:et ,}; 

9.et10~ 18 usually situated low down, in the 3rd and 4th left 

apace para terna11.y, and, as tt rule, d.oea not radiate to the 

lett cl vicle or to the apex.. ( tuir nd Brown, 19)2, h ve 

emphaa1zed that the t1um~ of congenital heart disease ia re-

ark b11' c:onet nt iti char-eater end loo l izat1on.) d1olos1-

oall;r-. the pulmonary artery ay b~ enln~ned but there 1a 

aesoo1 ted enlarge ent ot the right ventt•iolo, wh1oh t'tequently 

l1tte the a ex of the heart sway trom tho d1aphJ' em, s1v1o,g 

"•ooden-sho" tn ot oft ct (Ort r. 1943). 

0th r .foffl of congen.1 tol art 1.eoaae, ueh · allot• a 

tetraloQ {whtcb 1n add.1t1o1' t,o 1ts c e:rnoteriatio po1Jcytheem1, 

does aot produce enlargement of the pulmonar-y rtery) are ex­

oluoed from thi d1eouss1on on thle ~d, 

It bns al~ ady been ob erv d that 111 o e w re the 

uotue remains patent as a compena toey chanis • oyanoais 

ie l.Jiloat an 1nv r1able feature. 

su.aman et al (1943) have streeoed the v lue ot angto­

cardiograpb¥ 1n tb d1.tferent1 1 diagnosis of v r1ou oon-

sent\al he rt d1eeaeea, nn(l val"t1cularly tn ehow1 inor 

recta asoo1 ted w1th \be p tent ductua arter oeus, such aa 

slight co rct tlon and potent eept • 
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n,DIC TIORS FOR 

Altho aotual obeervst1ons ot a large n ber of patients 

with the p tent ductuo arterioeue ovc~ lon .r1od ot time hoe 

not been repol'ted b7 &ft7 medioal cl1n1 , 1nforrnat1on s to the 

courae and prognosis or the condition have been provided b)' post­

mor~em &t u tea ( ae in tho <ulstiJ ot .iaude Abbott, 1936) and 

atudiea or o report 1n t.he l1terature ( hapiro nd. Ko1e. 

1943, Bullock et al, 1939). It has been contended, nd for 

thi ther may be grounds, that t1gure ob 1ned trom epeo1a11:sed 

~eporto o~ this nature do not give n courate 1nd1oat1on o life 

expectancy. Wileon and t ubeohee (1942), by devising tables from 

the 11v1 , calculated to N leot th 11·e exp cta.noy. sivc a 

ver7 much more sansu~ne proe;noa1s than 1a enerally accepted. 

They themaelveo, however, inetn1on that tl ir eer1ea or 38 case 

obs rv dare " ll, nd in ddition it must be noted that there 

were only 2 patienta 1n tbe11" .MJ.'1$ who be.d re ohed the age of 

,o. 'T1h11 there 1s no doubt that so~ case of patent duotu 

artor1oeua 'I sun1ve the strains or ulti 1 prep noiea, r 
ahow excellent phJ81aal devel.opment c pao1t7 ~O'Jt hard work. 

and y reach an or 60 or more, this, tn the opinion ·ot the 

gl'eat m 3ortty of u.tbor.ttJ.est e th e»,ept1on rather than the 

rule. Oilcln-1at (1945 ) ~&ports a c ot pontaneouo closure. 
bbott 

The outlook• s pre ented by the PoOtmortem stud1e of ... au.de 



and the reviee of the literature b;, Bullock et al, 1e veey 

much more ernve. Maude Abbott tin.de thfLt in the seriea or 92 

er.use or uncomplteated patent ductua al.'terioa e • 2~; d1e4 from 

oer41 o :failure. 23;-; rroin eubacute baotei•ial ·endooa:rd1t1e M4 

2% from rupture of 1u1eul7'ama or \he duotue. The avoNge aee 

ot the gl'Oup at death waa 24. No more aptim1st1c re tbe 

fituUngo or Keya and. Shap1ro, who find tbat or the 62 c _mas 

over the age ot 17 c,olleoted bV them, the duotuo ,vas tbe· <l1rect 

oause ot death 1n ov-er 8&,;:. ot the deaths, h attt failure was 

respona1ble for 3o;-; and. sub cute becterirll end.ocard1t1n tot' more 

than 4()sj. m11e vera.ge &gQ ot the sr-oup as J7 w1 tb a maximum 

of 664 .ulloek et al (19,9) rev1ew1ne 60 t tal cnoes, find. that 

1q,,c~ had d1_e4 by tho ·age ot 11i, ,~~ by 30, and 7~% by the age of' 40. 

:tn contrast to these t'1gttl'es, v#1laon and Lubaoliez (1942) atate 

that in ser1 o~ J8 eaees tth1ch hnd bit n ob ·· ei-ved by them tox-

an :verage period or 9 yeera, they had ru,t oi:Jaerved a single 

death b7 au'bacute bacterial e:ndoo rditis. Gilolu-1at ( 1945), 

on the other hand- bellevea th11t the figures obtained at poet• 

mot'tem may not Sive the true retlection u.t the 1noidenc1 of' 

aubacute baeterisl t'#ndoeard1t1&, beoouae the oondit1on often 

maaqueradea under oiher ,erroneous diagnose a, euch as mili.Bry 

tubel."culos10. Pez:trJ (1933) x-eporta eaoe of this natur•, 

Grose (1944) believee the 1.ncS.dence of eubacute baoter.1sl endo­

cardi tis to be about 2_5!:,:. 

It may, theref'ore, be aai.d th&t unt,. ated oa ea of patent 



duotus arterioau y xpect much shorter epan of lif'e than 

the norm l 1nd1V1dul. ye ( 1943) bel1eve thie 

re4uot1on 1n l1t'e e,r;pectancy to be 1n the neighbourhood ot 25 

yea:rs. Theo aes N exposed to all the risk h1ch 'threaten 

the nol"m l 1 1v1 Uf'llt but hav eo1 1 b .e rd pecu11tU' to 

their cond1t1on. Of these, pre tur c tac r 11ur- , tho 

s-esUlt of ,cee atve etrain on the he l"t, and aubacute baote:r1 l 

endocaNUt1 , re tbe .1mpo:rtant ones. eurgic 1 treatment by 

rernov 1 ot th cauae ot strain in the romer will bviouely 

loaeen tile tendency to .ta1lur , but 1 t lo 1n tb tre . cnt 

of uo cut bacteri l endoo rdi t1 q 1:ie further luo1 ation. 

Tl orge.n1 r,urponeibl for sub ute b ater1al endoca1'4it1 

1a, a rule, th etreptooocoua vtrittane. e pred1epos1ng 

oeuse to'f' the end rt ri\ls ot the ulmoM17 rtery, Bo in other 

torme o eubsoute b cter1al endoo d1t1e, 10 tP to the 

endotbel1el lining.. Xn thts o e th tra , ocortt1 · to 

. au e bbott d others, ocow- t o1nt 1n t puloonary 

rtery oppoaite the or1f1ce oft ductua, y th re~ore 

be ttr1buted to the ettaot ot the w1rl1 ot blood curr nt 

e rg1 ti-om the duotue art tt1oeu • th1 a1 te the 

veset.•t1one ·7 ext.end. to the pulmona n otheJt valve 

ot tbe he- rt, d to the dur,tu 1 ta l , ventu 111 re ob1 the 

Ol"tB. rt bl nd ·rsen (1931) ve po1n~e4 out that 1t ie 

e.xtNmely rare tort.he duo\ue 1t lt to bet pri ry seat ot 

the vegetations. These veg t ion N con tantly being 

tpa tised by the torce o the bloo t1~ through the duotua, 
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reaulti · in the dissemination ot embo11. Th prognosis 

tor ubacut bacte,1 1 cndooo.rd1t1e, ith te at~1king 

xoeptton, 1 1nvar1ably r tal. Th oouro • ooo~ding to 

Bl r (1923) is one o re setone nd 1nte BBions 1th 

de th between t ena ot the 31'd month ond the 8th month in 

75>l o:t case • Cheater ( 1937) reported o case of npontaneoue 

cure• !le did Tourott { 1942) , but such case 1;iust be ex.tremel;v 

r re. rtor ha odem. \rea ent • euch ae combined 1ntr :r«moue 

heparin an sulphap:,1"1d1ne th.er P1 (K lsen end 'Jhite , 1939), 

proved a succeeetul as wna originally claimed. The results, 

lt xc t1ons · po!9t y 14 ch ct l (1941), and 11n.n, 

t ughea and aundern ( 1943) <liea : 01nti • Tubbs 

( 1944) , To .l'O ( 1940) have; Npo te the app~ x• nee of ateri le 

lo oulturee fteP sulphon.rn1d th epy a euhoft (1944) 

.rte 1 r.g doeea or nio1llin, but tbi oea not appear to be 

.'hi le l g ti.on ot th duot.,1a annot remove the 

veset t1o alr&ady present, Nporte by Tourotr, Tubbs, oroae 

and thei- , appe r to otter new hope for a cond1t1on tu.ch ha 

previoua1 · bean rega od ea being hop.le a. ourott obtained 

sterile blood culturee within dBys or 11eat1on or the p tent 

~uot a arterio us. hie 1 r 1 r · ble, when on reme bers that 

.-egot t1one are et.111 present in the ulnlonary &l'tei-;y. The 

~len tion eiven by ou,r-oft 1a a follows, tter ligation, 

veget t1on ins d tl ;puL"tK>nru.•y tu.•tery ea to be v1olent11 

tr ti , so that d1elo~roent t reduc d. No 1nteot1ve 

tortal on ent r the aort v1 th ctu ( ioh he believea 

- ~ - - ~ - ' ~--_,,-er-, - - n-, ---•----~~ ~ -=,-,.,~~-~ >">¥¥-

o.M.> L ~ 
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does hsppen otherw1ae), ana the pressure, volumo and i-ate ot 

lo in the pulmon ry rtery io ~eotor d to no l, Thi re­

liev e the over-distension and conaequ nt d1lat t1on of the &mall 

pult'ilo ry veaolo, preven.ting the p e age o embol1, n 11eetoree 

the tt1o1 nc1 of the pulmon(u•y protective . chan1 . • (Tourott, 

1942b, by blood culture atud1ets, btt Bhown that th• lunso httve . , 

th power of remcrt1 or neutralizing infective embol1,) The 

reduction ot the high o,argen content ot the pul.tlona17 bloOd which 

tollowa l1S t1on, n~ Which y favour tho gr wth ot or Woms 

nd the development ot vegetations ( oldero d Bedford, 1925) 

1'111 permit healing to t&ke plnce. erience hae ahown that 

int ae o s. in which vegetation ve xtended to the c rd1 c 

v lvee or to the aort , the result& o urgery re not . 

tavourable a in early oaees. 

It would app r, ther Zor; th t surgery 1 d finitely 

1nd1cated in oaaee ahow1ns o1snn or o rdiac 1ncompetenc and 

c ee o subaoute bacterial endoearditl. 1th this state. nt 

o ne can quarrel. Otto1 (19 ) adda to th1 11st, "retard tion 

of gs-owth and del'elopment,•• a another baolu\c 1nd1cation. l:t 

is when th e rly case are con lde cl that there 1 d1t ereno 

ot o,p1:n1on. ~xpe~ienoe we not 7et hown that ligat1on or 

d1v1 ion of tho tent duotus rter1osue ill pr v nt sub cute 

b oteri l ndoearditic. although the rsument 1n f vour re 

oons1 rable. tn4e d; 1t baa been re orted by Sbap1x-o nd Keyo 

(1943) that 2 pati nta dev loped aub cute b cter1al en ocardit1s 

s a d1reot result of sureic l interfe:renoe. ocord1 to 



Gebauer ( 19h.:,) 1 t 1s 1n the early years ( befor eom.pl1oat1ono 

have dde d1rt1cu1t1e by di torting the anato:iy) t t the 

opcx- tive riek 1a minimal. Yet. this 1e the ti when the 

condition ap. ears to be most 1nnoouou, t or it must be remembei-ed 

that aooording to Iub'b rd, ~ creon and Green {19)9), the ages 

ot maximum 1nc1d$nce of subaoute bacterial endooardit1o lie 

bet e n 16 nd 25, nd oard.1 o failure usu lly supervenes a 

l1ttle l ter. lt 1e t th1 t1me, too, w~ nit 1s o t dift1• 

oult to adv1e that a c h11d wh1oh te pp rent.i, in pex-fect health, 

ahould bes b~ected to an op ration which carri a mall, but 

definite, op r ttve mo:rtsltty.. Exper1enoe 18 reduo1ns the 

mortal.tty, o th t there m 7 e l so h &1t t1on 1n tutux-o .U1 

reco nding the operation ·aa prov ntBtive 1 earrore. 

oroa& (1944) believe th.at wh.11 ooorc1on should be 

e . loye in eco iending the oper tion in c ao of ubacute 

bacterl l endocard1t1e, 1tiwendiftg f ilure or oardioo emb rreaa-
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nt., and 1n aee ehOwing tmpainnent of develo nt, the quee't1on 

ot prevent t1 e tre tment should be lett entirely to the ~ree 

choice of the parent&, after laying before the the i-ite ot 

the C • 



QJtAfIER VI,II. 

'flIB OPF.R~Tl:OJ;;. 

• Pre-Ope~ t1ve Tre&tr.leQt• 

-o er$t1Tely the patient ah.ould be tre ted 1or aft1 
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op ration 1nvolvins the opetling o · the pleur l oa 1ty. 1rt1t1c1a1 

pn othorax 1 1nduoed.:, d y ore h. operation to prevent 

tl"7 UJ1due disturbance tollo 1118 the o en1ng o the pleural 

cav1 ty. T a is con.trol l d b1 r 41ogt ph and Npested if 

nee es ry. Too early an 1 uct1on o~ tb rt1t1o1 l pne 

thor a may produce a restive hN',pera m1 0£ the pleur,. which ml!lY' 

obscure the lan rka. The que tion o th a4.min1atration or 
blood by transfusion baa been the u.bj ot ot 1 .ute. Jones 

et al (1940) be'V' maint 1ne tbat tr natuaio indicted, 

s 11 t.ton in itself' prOduoee r l t1• inore ot the bloOd 

vol • Tubbs (1944), on the other hand, doubt hetll.or th1e 

1nere e ot blood volume aotutil.17 t · a l _ • in h1 

e.x:por1 nee has found trane.tuaiona of con iderablo valu in 

oert 1n c sea. Them jority of urge n v1ae comp omis ·• 

Tranefus1ona are adrninietered t 41 teiy ore or Ul"i the 

op r tion, in a ae haemorrhll ~ ohoul<i ooour, ut cea ed when tlle 

ligature 18 t1 or th clam;po ppl1ed. 

·elch and Thompson (1940) dv1se th 1thdra al ot :tl.Uide 

boure pr -oper t1-vely,. 4 use nembutal, o h1a n4 trop1 

aa pre-oper t1ve druge. 

B. The ,Anaes,pet~o. 

oyeloprop n 1 the anae t tic o choice in er1ca and 
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O . • oq n and ethel', admin1 tel'ed by the intra­

tracheal route throu h a Bo:,le 11 oh1ne hae been found pel'feotly 

o tistactory 1n the preeent ae:r1ea ot oe es. 

o. Tbe TechnJ.que. 

The teohn1quo plofed by the majority of ourgeono today 

1 b ee4 on the original described by Oro and bb (1939) 

nd oroaa (1940)- ome moditioation have be n 1ntl'Oduced by 

oroaa h.1.mselt', an by others. 'base ill not be disouesod 1n 

detail, t the Od1t1oationa ¥411 be indicated. . be d1asrama 

to in th1 chapter With their e1t tion will be und ot 

rticular v lu in underatand1 the de cription. 

The or1g1 l ethod of appro ch to the 4uotua arteriosue 

a t 1catetl by l'O (1907} w the longitu inal spl1tt1ng ot 

the atem • Thia approach, ne tar s ie i:nown. baa no, b$en 

ueed. Groas (1939) appi-oaohod th d otue through t,be 2nd lei't 

int rspaoe anter1orlf• Be enu;,loJa tr 1 1n incision 

extending fro the 1ddle 11ne to t enteriol' aXJ.11 ey Un in 

mal s. ln fe lee curved 1nc1 ion c rr1ed lons the breaet 

told ts uee4 (aee Fig. 1s) and the bree.et elev ted. 'fhe 1n­

c1e1on 1 oarr1e through the eupert'1cial muscles nd the inter-­

coatal muaol e are (li·v1ded. DJ. vi ion o the adjaoent oostal 

o rtilages 1ll1t .tee retraction, but Gros does not find 1t 
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n.eceaaal'y to divide the internal ary veaeela. Other e\U"geons, 

including Prot"ea or Sa1nt, who operated on the preaent oer1ee, 

form their divie1on b tween ligature • Tourott ( 194)) baa 

pointed out that in certain individual the aortic rah, as 



een on the x-ra7 film, 1a aituated more t er1or11 than uaual. 

In these oeeen he advised e,q,onure through the ,rd space. 

uurington (194,) t1nd'.e., tho e:QQSUN, outlined bove inadequate, 

particularly ,vben dealing with compl1eat1ona su.oh as haemorrhage 

tl'Om the duotus ee the reault ot tearing. e m81nt&ine that a 

much better e,cpoaure ie obtained 'by u lng the ord1n.iu7 pootero­

la ter&l approach of lo'beotod.ee, nd · t1v1ees 1t u1 part1cula.r 1n 

thone oaoes in whloh the:re &NJ lung dhe 1ona. 

Ne!' exposure of the med1att1nal pleur , the lett phroato 

erul vnau nenee ·GN 1dent1t1otl1. 'l"bia oauuee no d1tfiou.l\y 

unless then ts hype.u.•eemifl ot the pleur • ae obtained bJ a ,pre-

matur 1nduction of tho af't1:t1o1al. pneumot wrax.. The mec.tia.et1nal 

pleur ie graped and 1noJ.&ed behind and parallel to the pbren1o 

not'Ve and 1n front ot the V&gua. The 1nci ion :.Ls oarr1ea well 

· nrosa the arch of the aorta., The left reeurrent bN.lnob of the 
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v aua 1a 1dont1t1ed and certfully obe&r'\fed throus}1out the operation 

to prevent 1njur, to 1t~ 

the . orta, and behind and immediately adjacent to the duct.ua 

artex,1oeuo latero-tne41ally. It aeniea a.e tho guide to the 

duotus, hteb entera the undtn•11urf' ee of the aot'ta almo.at Mree\ly 

oppoe1t the lf!tft &ubclav1tui flrtery. ltbo11gh a thrill 1e 

ueually obtained in tbta area , 1 \ 1& .Of*ten transwJ. t tell to the 

grent ves els eo that it 18 not alwa:va au etul ,eu1de to the 

ductua, unleu exploratory- <:U,gital compr-ees1on ot tbe latt.ell 

ehould bol1eh S.t. careful blunt dlsaeot1on of this area, 

avoiding 1njUJ.? to the reou.zarent lar,ngeal, Bhould dieplay the 



Bigure 19a. 

If the patent ductus is torn, the pericardial 
sac may be opened and a hernia tape placed 
around the pulmonary artery to stop bleeding 
momentarily in the event of a threatened ex­
sanguinating haemorrhage. 

(After J ohnson et al) 



If the ductus has to be completely divided the open­
in:g in the aorta may be closed by an assistant's 
finger. The left pulmonary artery may be compress­
ed between the thumb and forefinger so as to allow 
the circulation to continue through the right pul­
monary artery, while the pulmonary end of the ductus 
is sutured. 

(After Johnson et al) 



When the aortic end of the ductus is being . 
sutured, haemorrhage may be controlled by 
pressure with a hernia tape around the aorta 
between the left carotid and the left sub­
clavian arteries. The circulation to the 
brain is not interrupted. 

( After Johnson et al) 



duotua. '?he pulmons~ artery, Which 1e of'ten lflrge • end ove•• 

lapo he due tu end lower borde~ o~ the aort ·, may have to be 

retN'.tcted. A tlap o~ pex-1cardi um rrequentl~ ove l1<=e the 

ante~d1el apect or the duotu • his shoulii ·be ~ae,ped b7 

toroeps nd gentl~ d1eaeoted away o a to prevent open.ins the 

perie rd1um if' it 1a pc>aa1bl,,,_ Ft~etne; the postero-l tex-al 

surface or the ductue tu,u.allY t'loea not prov1oe great d1ft1aUl'tf, 

but tba nntero-meilial aapeot m y re(l;Uirte gl"e \ deal ot patience. 

Gebauer (1943) att l'1butca tbe d1ttt1aultl" on the oe&ttl eide to 

the tough nature ot the fib~us t18S'Ue between the duotue and 

the lof't main bronchus• a site ot origin of th!t per1oardium. 

oroa aa~1soa the use ot c\lflVed haemooteta tor ttnding a plane 

o ... cle vo.r,e between the pulrttonary a~ter:y and soi-ts. Johnson 

t al (1942) teel toot, wb1:lf) th1.e 1e in order in simple cfuJea. 

lt m 7 prove d1oaatrouo (as lt 4:td 1n their bands) in inteoted 

oi- Gel('rotto ceaoa. '· he7 advia-fJ the uue ot the 1'1ngor. 1.l"he 

ingor 10 1nacrtod bot'Ween the nol't!l end the pulmonaey arteru, 

and b1' urro'tting clo~ to tbe Nlnttvely tougll posterior well 

ot the orte hove and putmon.'ley nrte~ b low, plane of 

clellvsge, sbove and below, may be esoert in d from both td.doa 

o!' tM duotuo 1 long Wh1ob an 8.MUl"YBtl needle f!l87 be passed, 

without otually coining in oont~ct with t duct a. Tbe7· go 

eo tr ao to ea,- t! t :tn d1tttcult aaeea or in oaees 1n which 

hB.enorrhage ooour-01 Ol' is ant1c1patod., the per1oardium s.hould be 

1no1aed nd the great veaaels e1;pose4 in suoh a !lfl1' that hernia 

tape ~r their teopor~u7 tnterrr..tttcnt ooclue1on tllfl1 be paese4 
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TECHNIQUE4 

( aft er Tourof f ) 

Fi gure 20. 

ORTA 

Frc,. I. 

The Pulmonary artery has been dissected from the aorta 
and is displaced downward by a retractor. After remov­
ing areolar tissue and lymph nodes from the region of 
the concavity of the aortic arch, the ductus arteriosus 
comes into view. 

FIQ. .2. • 

An incision is made in the 
aortic adventi tia at "A". 

A fine curved cystic duct clamp is introduced 
into the adventitial incision and gradually pass­
ed downward and laterally (upon the aorta) as far 
as possible . A similar dissection is begun at "B" 
and carried upward until a "tunnel" has been com-
pleted (beneath the adventitia of the aort~1 behind 
the aortic end of the ductus. 



TECHNIQUE 
CO NTINUED 

F t Q. 3. 

Af'ter the tunnel within the adventitia of the aorta has been 
completed the plane of dissection is carried on to the 
posteromesial surface of the ductus. Note that the retract­
ors within the adventitia hold aside the right branch of the 
pulmonary artery and the recurrent laryngeal nerve without 
actually coming into contact with either of those structures 
the ligature has been passed behind the ductus. 

Double ligatures are tied about the ductus as close to aortic 
end as possible. 



r und the tor ont lot t :t1l t otU:e 1 

l 

th t t 

th ( e ig • 1 q a. b. c . ) ourott ( 1943} , o tho p1•1nc1ple 

t 

ort 1s the atrol'lgeat atruetu ( t r tor& the most 

edi te opentive i l , nlt that 

ort10 d of the ductu 1a th tou est p rt o t duotu, 

liev s th t in infected or th ro . tou duct1 • oub _ :venti ti.al 

tunnel o,ould b e tnbli hod (Fi .lo). 

1.oi a d ent1t1. o the 4ort o e1thel' s1d o the ductus and 

pl ft o ol v ge; ben th the advent1t1. Th1s must 

e e •to noe • n4 1 n()t v1 or eneral 
t .. 

81 C 8 , the reeult 

ro th., aox-ta 1 tae·lt - ue to a ·_ r1ablc area .in 

th all oft o~ta tldj aent to the duetus ! In tbe pz,eeent 

r:1 s, c · e l dt & tion 1th t, n er ntt blunt 1eaect1ng 

tore p , tted eat bll nt o tunnel 

ncu.r nee le ooul be pa 

It b . 01 ted. out t t the t cbt11que of ,Tobn on et a.1 

- s eon in 4 1 a. 1q a,b,c.. 1 the only tlo ths.t haa been 

p .t ·o we,.,, or el w1 h n rho e from torn duotue. In 

t , jority ot e r pot d• in Which \hie o urr , th out• 

come aa nt 1. 

th r:m ol wi h suca 

om 11 le .. 

• 
A tex• :xpoai thtl ductu at1 octor1ly, 1t m y no be 

64 

11 te in co tinui 1 1 li et d n 1Vided, o~ divided nd utured. 

L ion 1ou be pe o <l 1th 1c ter1 ,. uoh e tubul r 



n ai lk • 011 hernia tape - 1 ter1 l t1h1ah 1 ugh \o 

oool 'tho uct 1 tbout cut.t:1 through 1t. Groa , Jonee et 

al. all ac1T1S terupoN'lt-7 ooclue1 n - to obaeM' th ettcote, 
bet'ore 11gat1on ts don,,,. lf no ·111-cttect re observed, the 

to ligature 1 be rtian ntly tie. 

aauao 11 t1on by 1tuelt uns c 1 in ome 

1n tmco, '"'ros (1944) ndv1 ea div ion Tlith autu o:t the 

1V1d ends & the treetmi.tnt ot oho1a • no h o enu,loyed thla · 

th with succeee in bi& lattel' c • .FoUl' :rte~:, clamps 

e pl ced on t.he ductuu .... a h.ioh, aocor ins to oroe • 
an always bee rr1 d out w.t.th p t1 no& n1 ·ani ul t1on, and the 

ductue d1v1cl b t en tbe ,1 le two. ~he distal o is 

"'arn,;.-a"Ad nd the free edgt, Of th di V1ded duetus sutured . 1th S 

continuous o1 le ailk rt.e.r.v aut,ure ... tarting one end and 

eventually retu:ming ot it, pro uc1 ouble autur. The 

pl'ox.t.mal ol pie removed nd th v ntit1 sewn o r the f'lret 

eutur line. 

Ol"O&& • utur a the ~dia t:l.nal pleur , bu ny· &Ul'geons 

piweter to le Vt!t it Qpon. 'lhe inte ostal mtecles r-e tt\ltu.rect 

w1tb C>hrom1 cat- ut and tho rib pron t bv p 1 eti-ong 

o m1 aroun he a,t ee:feral lac • uecloa M Sk1n 

ar clo d n lay r. Mf'lfl1 urg one o t41n exp ion of tho 

lung btU'ore fin.el cloa~ by poal 1 e p au • Oro a pr&tere 

to obta1n eneion by aspirating the pleur l c vi ty thl'ouah , 

tube, he believe that -chi produo . l as po top .,.. t1 \te die• 

tu anoe. In h pr ttt a r1e t osi tl pl'eG Ul' thod 
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a u d• 11th n di t:u..,be.nctt of note. Oilchl'1a.t (1Sll•5) 

report · c wh1e:h ~velope4 a eeptie med.taet1.n1tte. He 

adrtoea tho 1ntroduot1on 1n\o the reg1on of the d'Uetu. of 

tor! le ulphotull!l1de powder· •. 

ll• tho Pogt9J!2t,nt,1V~ .nm• 
The- pat! nts. lib all patient eub3 cted to 1nt"1tho:,aclc 

sur or-7, ohou1d be cnreful.lY observ-ed tol! the tir · t few daJs,. 

o ire.tot-:, e- arraoarnont p,.u .. -t1culArl;1 o uld be ate. d tor. 

Oilobr1 t (1945) aa: 1aoa the uue of n o~gen tent 1n. the t1ret 

24-48 hour po.atoportrt1veJ.V, but 1 h&n not b en found nect'te1s17 

1n t pr oont · Gl'1ea of oaa<uJ* Repe tttd c rbon d1oAi4e tn-

66 

halationn f!'JlY be employed, to na1ot the :.,:pension ot the lung. 

RoGp1~ tori oom_pl1o t1ona are 411:'tioult to nasee end control 

radiography 1a alt1aya emplo,ed. Thi 1voo tb. onl atisf'actoey 

su1de as to the cixpana:ton of tlle lutlG nd lso 1nd1catee tb.e 

accumulation o. !?'lUid. Pleural ettua1on, a not unc1ommon sequel, 

oan be aap1rnted on the 8$00nd or th1l*d d y pootopcruti voly., 

\Jeloh .llfl 'homp ... on ( 1940) ~~port n oceno!o l high pyrcx:tta, as 

ob· rved in 

thi wa not a;pa1'tlnt. Oodeino and nembutnl N'l roco.."mllended 8$ 

pootop r-Btive: eedutive .. 

The peo1al posto.ver.at1ve oompl1ollt1ona t t may be expected 

tt,.u, lie t1on, ccoPfllns to N1!ton ( 1942) r : 

(1} hecmo~rhage from the uuctuG 

(2) p81 

(') pneu1JOnia 



(4) perfor .t1on. ae the result ot the eroa1on bJ the 

ligature 

(5) 1a3ur1 to the reour~cnt lax-rnseal nerve 

( 6) poatoper t1 ve tbr·O bo 10. 

In tb.e preoent e r1es of oaeee the postopera t1 ve ~oui-,oe 

has been r markably emooth and unoventtu.1. Pat1enta tu•e given 

the eual aurains care :o~ cheat case , and st were it tor 

the dieoharg bJ tbo tenth day. I t 16 usually reoo med that 

otiv>ity 8hould be reetrto\ed tor at w man.tho, and after that 

norm 1 l1f ahould be adv1eed. 
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QHA.PTEB . IX. 

SSULTS OJ SURGERY-. 

The immad1ate etteo~aat ooolwsion ot the ductua arter1oaue 

aa obaened at the ope rattng•table are a Heappearanoe ot the 

thrill and th Gibson murmur and a prompt elevation ot the dia• 

•'°lie blood preaaure ( P11.l l ) •. Thia ha• not been ebowa to he.q 

an,' adYeree etteots in t h present aeries of oaeea. 

The 41 atolic preaaure haa NWn&lned elented in all but one 

ot the oaae , whioh will be d1eou.aaed below. 

Bourne ( 1941) 4eaor1be4 an 1ntereat.1ng phenomenon obeel"'t'ed 

in one ot the oaaea 111th 8\lperlmpoeed baoterial end0oard1t1a 

which had been lipted by Tub'ba (Bourne , Keele and 'l'abba, 1941). 

In thie oaee, a a reault ot the obliteration ot the duotua then 

resulted a te po:ra17 wt avik1ng and prolonged impairment ot 

renal runot1on aeeociated W1 th a marited lncreaae 1n the blood 

preaaure. '1'he re were no abnormal ur1narv t1nd1nga, but the blood 

urea was eleftted to the region ot 72 .. %, and t.he urea olearanoe 

waa impaired. Bo'IU'D8 ad.vanoee an 1ngen1oue theory to explain the 

phenomenon. He atatee that 'the pel"ipbel'fll veaaele - tno1Ud1ng 

renal, preoi,erat1.al7 re 1n a at te ot permanent par\tal 41• 

latatton, aaaociated w1 tb a. lowered 41aatol1o blood preeoure . 

He 911ggeeta t.hat the tncreaNd output pe r 'beat or the heart 

to11ow1ns operation would result in. a Nttlex OTer ... reaotion on 

the part, o~ t,hP. arterioles, wh1oh pera1 ta until tle vaaomoto:r 

e7atem ad~uated 1 taelt to the new ctroum tancea. Tb ewnta 
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whioh ooovre4 1n thi& oaae have not been reported bT o\hera and 

have not been eeen Sn &01' ot the preeent sroup of o sea, alt.hough 

the bloOd urea and blood pressure ha•• been kept under observati on. 

G11ohr1at (1945) believes tbai obl1 teration ot the duotu.a 

should AOt Clll7 produce an arre•t ot the dilatation ot \be 

pulmonary artery nd other, oardlac or centnl ft.taular obnngea • 

but a retrogt'eaaion. He auggeata that \ his ahould be eeen p$r• 

ttoularlr in ol.des- people, ae in ,oun, children the reaot1on may 

'be ue rely an arrest ot the powth ot tte h art and veeaela unt 11 

Vie l»o4117 brow th ha• oaugh t Up w.1 th th m. b;pe rienoe 1n the 

p:reeent aeries baa not borne thie out. '!wo oaaea ap4 18 and 

20 ehow.a J'ft&r afier 11gat1oa,ver7 lit\le alteration 1" the oon• 

tov and siae of the heart and pulmonary Ye&eela, although the 

Gibson mumiur baa disappeared or on1, a taint qstolio 111\U'lnU.r 1e 

preaent, and the d.1aetol1 o bloOd preaaure baa remained eleYate4. 

Ole ot 'the oh1.14ren • on 1he other hand. bas ahOo retroaN1e1011 

ot t.h •~oalled "pul.monarv oonua" and a1ze ot tbe puJ.mona17 

T98lMtl8, I 'i is not enp.xpeoW4 \ha\ the more tee111ent naaele 

ot the children ahould ebOw moNt a'biltt7 to rewm to noraal t.ban 

'11oae ot adults. 

!be que.atton of: poeaible reeana11zat1on ot the 4uo\u 

ar\erion · aner li,a.1oiOll'l le a met 1ntereat1ng one. Inored1ble 

aa 1 t mq &e8ti:, 1 i, ha ..t bee proved on many ooo aal ooo b1' a •ootid 

operaiion (G1lohrtat, 194S) or- at. post-moram eum1nat1011. and 

ha• bee1>. the exPf)Jtienoe of all 8\lrgeone pertorm1ns the operai1on 



t mechan1• oauua looaen1ns or th l1gatUN it la 41tt1oal\ 

to understand, parUoularlf' When cme baa p reon 17 obael"f'84 the 

oare and esaot1 tU4e w1~ whtob tbe 11g turee were t:led~ tr1plA 

knots bein uaed 1ft enr, oaae. 

Aeeeaament ot tbe neul a ot operat.1on 1e ol>viouai, d1tt:1-

oult, •• tJl 01>eret1on hu. onlv been praoUe d ~or 6 rear,. Ot 1ts 

1ona•te rreeulta • it oan onl.7 be aa1 d th t while prolonged o'b-

eenat1on Will 'be 'the onl,J true sauae, all our knowledge seeme to 
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1Ddioaie t.bat lite expec nc7 ot theM people should be s.reatl.7 

lncre•aed. !be exoe lve atr 1n on the bean 1a abolished, whioh 

should al'oid earl7 ra11ur1,- bether aubaoute bao'8r1a1 endo• 

oar41tle 1a aotna '° be pre1ented. N 1u to be BHl'l, bUt, 1t the 

in ot the 1 nt.tma ot the pulmonar, arten is ••otde41 it etema 

reaeonable to hope that thia o pl1oa\1on ahould ao longer a,ipe!'-

Yene. 

8tat1atioa or 'the tnO.l"G i diate Jeaulte ate aYa11able, 

TheN a.re aaain not ent1re1F eaUataotOl"J', beoau •••••lllt'Jlltflta 
ot thla tn,e a,- b aed on laola te4 reports. 8\lch report• an 

1nol1n 4 to retleo'& euooe,atu.1 oaaea onl.7. Yertbel•••• Sbapiro 

and 'I ( 1943) ~ i,, ooaawuoat1on with most ot th Amerio an sur,. 

pcna, oonoeme<l 111 th the ·Otention. ha•• tound tile tollowtna•-

Ot 140 ooll oted oaee• open\ 4 on Up to t t t , 107 were un-

1nteo'84, while .)J had au.ba')Ute uoterial •n "°ari! ti,. Ot 

107, 81 were auooeeatul (aauged 'bJ' e d1a ppe ranee ot the Oibeon. 

IIIUr'llmr, and "1lrlll and eleYation ot' diae\oltc PN88'1N); ·1n 14 



t t hi oea indeed t e pl oe. fh problem ppeara to be the 

old que t1on of th ligation ot l ra• Ye la 1n cont1nu1t7, 

and an 1ntall1ble 11 t,ure me.ten 1 h a not 7 t been found. 

Pe rae (1940), 'bJ expe~1menta1 •tud1ea on animals, has ahom 

that oellop ne produces an intense tibrou tiaeue reao\ion and 

that thi mq be euooeaaful 1n ooolud1ns Teeeels. The ori inal 

a~geatton that oellophane 7 be used ror th ligation ot patent 

duotu na ti ra\ de 1>7 Holman {1940), when diaoU8a1na Pearse' 

wotk . Cellophane haa e1noe been u e4 in addition to ordintn7 

lts turea b1' aroae and Jome, Boll 7 and Bul1ook7 Harper and 
ftob1t\SO" 

obman (19!14) , Oroaa (19"4) en4 Qeba; r (1943) report reoanali• 

1at1on ewn with oellophan ., although th 1nc1denoe waa lesa, so 

, Gl"08a to-clq d1V1dea an au.tu a tb ductue 1netea4 ot 

111at1on. In th preaetli aer1ee, too, one oaae, arwr ahowtna 

oomplete d1 - p ar nee of aigna, ol11U.ca1 and r d1olo 1oal, de• 

Yt1loped a aott ay tolic m,armur toward.a ttd end ot tllt aeoond week 

po t-operat1 Tel7. Thi rad 11 beo lou r and event\14117 

'beo e oont1nuou , A 7ear l r the m.vmur ie a. tn,1oal Gibeoii 

murmur and 1he p tlent hu all the radiologic 1 ev1denoee ot 

deterioration (ftae. ;it) 

Ii mu , al o Ncorded th t TOUl"ott (1943~ repori1 a 

oaae ot pere1 1:enoe ot t he Gibson murmur ewn after l1ga\10II and 

d1 Viet.on or ,he 4uotue ar'lei-iosus, ao th t in acme oae a, at, 

1eaet, the UJ'IJRU' mq not be indlc ti.Te qt NOanal1aat1oa.. 

Other ol1n1.c l and radiolos10 l 1Q41cea q Ye to be used. 
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t.he Glbam murmur returned aner operation, and 9 41e4 aa a reeult 

ot rupture or the due,•• at, operation, 2 from eubaNqU.n\ baoterial 

endooarcU t1a and one tran aeptio med1aat.1n1 tia. In 3 the structure 

11sate4 waa ot the duc\u. Ot the 33 W1 th au.baoute bacterial 

emooai-41 ti•• 20 ware oompletelJ' outed·, 8 were not 1mprOYe4 and 5 

died rran rupture . 

It mue, be Pointed out asatn that 'Cheae ttgurea show a cure 

· ot , • •• opposed to the almost 1~ mo .. tal.1 '1 rate 'betore aurger,. 

The uninteoted oaeea, t.herel'ont • ahow an c,perati ve mortali tr 
'( 

in the hand.a ot man, eur,reona ot about a.,,. J:Noh (1944), lllflk1na ,. 

e1m1lar •tud.7 ot oaae repon• t1Dd.• a a1rn1lari tigu.~ tor the 

opera\1Ye rt4lity. AlUtou Ule mor l1tJ' a reported bJ 

8hap1ro and e-7 1e not extremeJ.7 blah, re ~- 20, ot t un .. 

in.tee d o-• were not r-ltedl.T improved. GNee attr1bu.'4ae this 

relatively poor reault io: 

(1) hilUN to ttnd the du.ctua, 

(2) Duotua too short tto ligate, 

( 3) I.1g t1 on ot the wrong ff •eel , 

( 4) H emorl"base from the duo ua, 

( 5) Inco 1ete obli tera\ion or Noanaliaatian, 

(6) oum eepeia, 

(?) '-Operative »nevmon1a, me4iaatird tl , e\o. 

several ot the" al"8 aYGidable. Ill ~• llal'.lde ot GJl!Oae 

(1945) and ot NI who haw done a larp nurabel' ot operat1on.e, and oF 

o,be ra o have nol bad the same expert oa, beneti t1 fl'<m past 

matalcea, th re ha• been a reduo\1on ot the morta11t7 nsuna, 
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~ 
'P.A. Yiew or ca• ot patent. 41101, 
arteMoaua before ·opera:t1on. 

~ 

I~ 

Lett. ol:t11qoe new or - oaae. 
19..11. al.1pt. lndeit.t.at1oa ot 
oea~ bf' left. avt.ola. 



Pla'8.s of earl'le caae aa depicted in previous 
Jligur,e, taken about t.wo weeks dte.r operation. 
~ nwaia\" appearing on lef'i border c»l. ll.A., 
also nol'llllll. outline or oesophagus in obliqm 
film. 



~ 

j ~ 
Platea ot the a11111e oaae about 14 IIODths af'ar operation. 
Bote tDO:rea•d atze o~ the be art and. p N:D1nen t left 
auriole. ob'f'ioual.7 indicat.tng deterioration. 

~ 



Groaa (19Wl} haa a to l mortali tr 1n all oaaea p rtorDl8d b7 

him ot 2 1n 80, or 4 , and both ot theee were early oaaee. la 

the present aerie• ot .5 oases aubt1eote4 to operation there ••• 

no operat1v• or poat.ope raUve mor\alllJ, and 4 patient• wex-e 

inlpro1'ed, While one appears to have reoanaliaed (see figures 

and oitaUon). 

Improvement 1n teobnique, tnorreaaed underatand1ns of the 

1 S.catiOGa, knowledge o'Cthe haaarda and e'heion ot avoidable 

mia • have end wi 11 conatderebly improve the ttsuree,, not only 

ot mortal1tJ' but also or eas&a iha 't have benet1 ted. 
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tARt ,J;,. 
!Ill ,. , PBQ'3T,g QF, ~ TU., .l!!~-JATAt .Oto:!URI QP TJli 

,UtJp!]JS . AftDRiOSya. 
No upec,t ot the auotua a:rter1osue ha gtv,en rie.e lo iaox-e 

opecul tion and experlmen'tal 1nveatlg t1on than t.he queet1on ot 

the meohani of' ita pt>at•Mtttl oloaure, nd the re aona .tor tts 

ooca 10 1 t S.lure. In ep!te ot extensive tnv tigattone, both 

anatomical nd pJll'e1olog1oal1 no sat1et c\017 exPl n ti.on Me 

:vet b•en advanced, The problem has interested se1ent1.t1c 

obsovvera tof' oonst4ettall>l• t1me, o th tit is not aurpl'leins 

that many tb or1e have been advancea nd dtao rded, cn:i, to be 

rev1v d 1n perhaps a s11gbtJ.7 altered toni. Jting the nineteenth 

centvr nd bet'ov, lheoe theor1e wero mo1ni, Slleoulative., ae 

ihe twenttetb 

century, on the other bond, bas sen the de?elopment o~mo:re 

and re labor to e:q,erimen:te la en ttempt to soek the solution. 

The f.oet. l c1rc~la~1~q. 

or a thorough underatandtng or the problem, it i neoeema17 

to . ve br1ef account. ot \he tunot1on ot the due tu dur1ns tntl'a• 

utertne 11:f'e,. Betore birth, \he ductue arter1oaus eerveo ta 

d1ve~t blood from tho imlmOnary rt n to th aort ., aa had been 

observed by Ha?'Vey s ta~ baQk a& 1628. · a the lungs re not 

tunct1on1ng betoN bi~th, a large circ11le.t1on through them 10 not 

.requirod, so th -t blood le tn p rt ahunted 11&1' trom them to the 

ayetemto eircul.f.ltion, The eaet quantl y or blood c11verted 1n 

thle way 1a a aubjeet or d1opute. some worker believe 1ilmt 
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th greater portion of the output o the right ventrtol is 

d1Yerte~ in through the duotuo. 

(19.30} maintain tM there ie no 

h1l others, 1 cl ding Patten 

·taence o 

th t oomntion. Patten hold& 0 'th t lt h 

ny· aort to support 

the unm1 takable 

odouP ot teleology to postulate a capac ous but virtu 117 unueed 

v ao lar plexua 1n growing luns ready t the 1nstant ot birth 

to receive a auddenl.y rerouted current ot lo e r~1ed \o the 

lunge•. ne intaine, ful'tbe~, that 1t 1 unlike anything known 

Fbout the deYelopm nt of the vf!keouler eysiem to t hink o veseels 

beyond o p ci t1 consonant 1th their p ent N!qu1re-

.. ents. U.e contention e l.'eoeiv u~1r,ort tr exper1 ental 

wor-k b7 bel nd ndl (1939); who tound t t ther G n.o 

a 1 s n 1 t 1 o an trt increase int e amount of blood flowing 

thro h the lu s arte~ b1rtb, a co red 1 th t 01rculat1ng 

before b1rt 

he xect proportions or su er1o~ interio en oaval 

blood bich waa transmitted by the r1sht nd le ventricles 

r epeot1vely, 1 nother mfltt r hlob or 150 11 on hfld been. a 

ubjeot ot constant dispute. !I" so-called o l n-Htu!i'feJ tneo,.y, 

wl icb• acoording to Barclay et l ( 19 ) h d 1te erroncouel;r 

be n aeaoc1 ted 1th the name o rY'ey, postu te that th.Orough 

1 ns of the two caval et.PG t ea pl o 1n the r 1 ht ui11o1e, 

tore 1t 1s tranem1ttea, in p rt vi th right ventr1ole to 

the lunge nd duotua 1u:•·teriosua, tln4 in part through tho torsm&n 

oval to the le tlllricle ana then v1 tb left -ventricle to the 

lle d n4 nee~. On the other hand, batior (1791) is credited 
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wit lQ)reae1ng omewhat contrary view, 

was pract1c 117 no nt1x1ng ot tbb bloo t 

b l1eved th t there 

Tbe bloo retu ng tl'Om the hoe nd neck per 11 be, v1 

the uper1or v,m cav pa aed di ctly to the rigbt ventricle and 

trom ther to the lune vi« t he pulmon r-1 ves lo, and to the 

aeeoend1ng orta 1 the duo u rtertosus. int r1or ven 

oav l tr , noh tn oxy n tram the placent, on the other 

llarld, a cl. tbrou h h tor . n 0V' lo to tho l :f't ur1cle and 

via the left ventt-iole eventualJ.y re o .. e t h d nd neck. 

The t o theories have bach had he1t- c ions n tor 
many y r t m tter • e in di ute. the beginning ot the 

present oentury. e~etiimental a1de ~~eM invoked to support t'.bb 

var1ou r nta. he G 1 n-i rrv y t or7 w upported by 

an (1907), K llogg (1928} and tten (19:,0). The 8 b tier 
theol7 oel ved support fi'om raany of the older ob rvere ouch 

111 , "Olt, Z1 g nepeo, to. (clte by n rron, 1944), 

but more recentl obeel:'Yatlons by l'O · o t al { 191,t.2) , lindle 

and d er (1940), 1tehead (1942) a 4 last ot 11 by rely, 
rron and ~anlt11n (1940-1944}. I uld be out or place ln 

th1s tbe81 to g1Ye deta11 tl c unt of the v r1o e er1menle 

that _, de nd t conclusion t were r • It may b 

oageeted · hat tl'u, ex.per:l, I&nt o n , 'ellog and ~ tten 

probably rfo , don an1 l th were ~1 1 oau 

h1tehead has own that mi.Xi ot the c nl stN s dos occur 

when the 88\U.' e htoh r · re pon 1bl for their rtmt 1ning 

aep to b in to tall. ~utt1oe it o ay, then th t 1t ee 
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to have been t 11 hed. 1rly eonolu 1?ely, by the brilliant 

tudi e of relay et al (1940•1944) · t Oxford, t tin the main 

''f'le d the course followed by rad1op que materi l 1n;1eoted into 

the vein , thl'Ough the heal"t and re t v o · elet by 01ne1na~ad1o­

h1cal ,Mttho a .. 

Present nowled e, then, 11 p · r to how that the 1nte:rior 

caval etre d1 -,14es., a rt goin to each uriole,, but the bulk 

paee a brough he formnen o'9' let :tollom.ng the eourSfl aa oui-

11 d b7 b ier. he super1or c val s , on he other hand ,, 

a s through the r1ght ventl"ic l and t>1MllY to th pulmona:r1 

vea ls ml the duotu rter1oau. t te · • the duotu a~tet1o u 

nd the ietl\ml:l$ ot the .aort4 oontr1but about th rune quant1i1es 

of bloo to th d cendina· aort. JUch leoo 11 at blished, 

but newrthel • e;enernll3' acoepted, 1 he content.ton ot PolUman 

( 1907), that t c pac1t.1oa or the two ven XJ1cleo re equal bef'oPe 

b1%'th tbst the preaaure int, 1· qual. (Telle l tt r bas 

al o boen de on tr t by nmnilton et · 1, 1937) Prior to th_ie 

1 t had b en uppo:aod tbat the preaewe in the right ftntl'icl& n.e 

ereat -r th n that tn the left.. 

0~1t1c1 (v1de 1n.tra). 

,cper1 1 nt re open to 

tl!g q!J!ns ,in the puqt~a ;~teriosq ,t~~ ,f~ll9 Birt~. 

rtor birth t d.Uc,tue artor10 4f1d otber channels (which 

do not ooncei-n th1a tbee1a) clos , ancl the blooa which had passed 

t ugb them ie ~erouted alone the N\1nnry ~1olog1c l atb-,a~ 

he xaot ti t which th1 oo.ux- 1 · n t efin.ttel:, eetabl1ehe<1, 
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1. a 2. Open dUtui:l al'tertoauth 'lboraoto n1oera ae ••en 
thro'Q8'.h an openiaa ta Iha left a14e ot the cheat. Tl\$ op 
duot.u (D) appeara •• a oonUnuoue ,,.. ... 1 trori the p11lmot1arv 
arte,r (P) .tq the &Ol'ta (A). • &OPM ne tt the poin of 
envanae ot tb dUot.ua i e not clear]¥ Nea •• l t la ooven4 v OYeit17iD& '11aeue, bUt la Tlai'ble oa114&11far4. 'Ming ol'Oaaed 
1,7 • 4U'k wtn. A ema11 part ot the p'Cd.aloMr, uien MFlll'.l4 
\be o.uo.,ua oan be eeea aotna poa1er1or1" and tnt.rtorlF 1n 
ftl'lflt 1. ho teW pt.Ma .'P11 l\f!U '9fflh Pllotoanph ( ut • 
3 an4 4. 01•••4 uo111e ar~Plona. Y1e·• ca le\wr1q etmllal' 
to ·fi&UN 1. The due'tllil baa olo•d to11ow1n, intlat1on. et the 
laa• with alr, and appo4u·• mu.oh nanower t.!Wl ih ~ ot t.be 
pul.JDDaai-7 ar'te iy. · 

f, c.1 · l 3 . 



but it has been ebown by ~ennedy d. lark (1942) in eu1nea 

p1 & {Fig.-1~.), and Barcroft, Kenned, '"a n ( 193 nd 1940) 

in aheep, t -t a tunc:tional closure occuPe within - tew minuteo 

ot tbe on et ot 1nap1rat1on. This tunot1on l closure 1B a 

rev nible prooese nd the duotus open i reapir t1on oeasea. 

rrnanent oocluaion develop aub equent to thlo, duc-tuo 

rt r1oeu eing oon-.erted into pur ly 11 cntou atructut'e 

- \he 11gamentum r ei-toaum. Theae obeervation by Kennedy 

nd Clark, n4 naroroft e\ al, · ppcter to confirm the ol'ig1nal 

h othea1a ot x- rd (1900) t t there re t o atag e to the. 

pbeno non of aloalU'e -- "Pbte1olog1c l ocolu61on vh1eb oceur 

ahor ly tte 1r , h ~1ne the uctu patent 1n all 1te length 

but prevent1 the paeeap ot blo • and secondly, anatom1oel 

obl1.te1mt1onn.. :n.thel' cxnctl;v hooologou event take plaeo 

1n the b: n t tus le not def1nl.tely known, exper11-1ents1 

ob rv t1on e not poeslbl, but there r in ic tiona th t 

th1 87 be • comon nnd orr1 ( 1916} c 1 te Di 11.a:td ( 1628} 

· , who h d died in the 

irat 8 da;ye ot l1te, thet'e wer c . e 1n hiah the du.ctue waa 

0001 ed on the 1rst 4"Yt ~nd so;~ re closed bJ th 8th da7. 

orr1 themeel• coripil d etat1st10 trorn the 

l1te atut' , 

the t1rat 

1Ch ebowed thtlt ot 1095 oh1ldren who d d1ed 1tt 

ax- o& life, tbe duct we closed ae rollowa, 1 at 
e • o.,~,, , 2nd we k• ~. by the e d ot the 8th week, SO?! nnd b7 

the end ot a Ohr1 tie (19JO), rev1ew1 ,,a con-

cutive au apat , ~ound the uotu p tent e follows: 
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61w 7, , by the end of 2 weeks, 12:·; at the end o:t 8 weeks and 

1. 21' t the end. ot a yeiu,. Po*1orte t.osta ot patency are 

never s tiert oton, particu.laXtlY tn Wl"V young intsnta. 11he 

uaual test coneicts or passing a probe down the duotua. In 

tho e case where only a tunotionnl eloSUJ'e s taken place, 

the probe i·ould ncturaU¥ :paaa t ouch. ev: n nth slight, fo:roe. 

I1etolog1c l oect1on woul4 be the only ncoui- te method, and 

thi • to tbe knowledge ot the author, hns not yet been ox­

tensiveJ.y carried out. The r ot that Billard found eaaea 1n 

Which the duetus ppeared to be olooed on ~he :t1rat da7• n"tlgg& ta 

that in the b.um n, too, closve oaolll'a tn the .firat instance a:a 

the l'C8Ult of phyt11olog1oal prooeas, ·:uh comes iato plQ very 

shortly er birth. 

o. I~ 1,!e,9han1sn ot CJ,p;E!Ure. 

At the preaent stage, therefore, we know the n tux- of 

the pron.at l c1rouletion, and we know thet the duetue closes 

ahortly attei- blrth by a :functional mechmi1mn. nd that e'Qb-

eequent to thi it beoo1l'!Oe obl1ternt d. ow v r, euotltt how 

and why closure takea place ts ot1ll not known.. ·any tbeo•les 

hav been · d, aneea, and they tu:1e pe:.-hapa best . unr.m.1t1aea b1 

Wells ( 190 ) t• 

(a) he tiret exz;anaion ot the l9l"ff6 b~onoh1 by air eompiteasoa 

the uctua a~terio us. 

( b) P..end1 ne of the tll*Ch ot tho ,.u::irta • by 111cre sod preeaure 

attctt birth• oauaes c loatU.-e. 

{ e) B "sinning ot reepiret1.on csueeo a ebang, in the poe1t1on or 
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'the tbor o1c vi oeR, and thua oauses tension and col.lo.pee ot 

the duetu " 

(d) F1br-oue bando pesstng 011ei- the ductus are oonn.eoted :vi.tb. tho 

dia,ptu-asn, nd upon dea,en.t of the d1 puagm nth reop11'!ilt1on, 

tbe ballde a:re pulled down ttnd ooolUdo the ductue. 

( T or·1ee expltl1n1ng closure of the ductua rtertoaua on o 

ohange 1n the d1epoa,1tlon or the tho,.0010 con\ont follows.ns 

reap1rat1on eaan te mainlyi tr · tile 16tb nd 19th oentw.-ieG 

and evon the early part ot the present, oon anatom1oel ntudiee 

1<1ere t inain means o:t ~0.iu1tu:n:•oh. t.t'he riamee aesoa1a.ted 'fii1h 

'them re or Schanz ., IJ.·11zeme1ei.-, · tJnd others.. MoN't 

:reoent:17, Rehmtm and lloback {1941) bav · revived th aatomtoal 

co·ncept or closure. ) 

( e} concentr-10 told ot t1eaue p1teaent t the sort1.c end, ·•Moh 

eta like valve pre?ent1na the tlow of blood from the aor,a 

into tbe ductua, vas tteaort'bed bf 8\raa .. an ( 1' 898). 

It ha be n Bll;,wn b.J ll 1eles- et l ( 1944) that 1n the vaat 

majoi-1ty o~ 1'1llll'l'li'l81, this told ls of little eon equenee, end 1a 

man 1 almost negliglble, 

(1") Thttomboeie in the lunicn nd r.rub quent 1:uthee1on 01· the walle 

to cloae the duotn. 

(e) Fibrous growth in the 1nt1mn l adu to oaelu ~on. 

(h) ctive eontr otton ot the la1ere of tho ductal wall clos~ tt. 

Grap r, von Bra7ok, Bwenaon, Konned7 and Cl rk• tc,} 

' "117 or tho bo•e theor1e wttre advanced beto:re it we.a 

ttppreotated that theN weNI two phaa e to the pb nomenon of 
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cloout'e, eo that only those wbtoh im,ply an. lrmtodiote oomplet, 

action need be oona14ered. Tl:ie only rneehan1 .• whereby the 

ductue can be closed ort within minuteo , 1a by the contraction 

ot 1ts w ll, and. the fa.ct that KeMedy and clarJ. end othere 

1ave ehown that this oonta.wao'tion may be reversed, tondo t o show 

that the ot1on of the ral.lsclt .tn the 11 io apll1noter-likel!' 

n1sto10~1eal tu<'liee by Ol'aper. von Hayok nd othera, and also 

by: the uthor (v1de 1nfr&) hove all.own that the structure of the 

duetus rterioaue is d1ff'ex-ent from thnt of the pulmorseiry nrtex-y 

nd orta - veeaela wh1eh at thi t1 - it ppro,Jtimates 1n oize, 

and that 1t is such, that a eph1ncter-11ke aetion 18 not unlikely •. 

It this 1 accepted .. and all the evtdenoe--~tends to point that 

way .. then the que t1otl ot tbfl rrmchan1am h1ob initii\tea and 

m 1nta1ns the contr&cture or the auotus unt11 it 1 t1na.ll7 

oblitetlated muot still be answered. Ba:rr,on (1944) 1nd10, tea 

that there are tlU'ee possible .mochal'd a, nNnel.¥ 

1) nervous action, 

11) blooo.•bJtOne a timull;: 

111) mechanical f'oi-cee. 

t) Nf!M'~':l!l. Act,!on• • 
The proeence of none on<11nea in the ll o the ductue 

hae aga1a been a me.t1er or dispute. Boyd (1941) demonstrated 

nerv endings in the wall ot the ductu.a. The RN ma1nl.7 

aona-ol-7, but a tew motor t1bree v,ei,e pr~babl.1 nlao oeen. Kenne~ 
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and Cl ~k (1942) and Bat'ron (1941 ) have ~ 1led to repeat thia. 

Kennedy an.a Olerk ( 1942) • otter cutting ever'I' known n~noua palhway, 



till p;r uced. cloeur ot tho ductus by rhythmical itlf1 tion ot 

the lunes. I oul pp l', t fo , t rvou otion 1 

not th 

11) ............................................ s.t1titU..·-.~\ .... \1~ 
1m11 r conflicti rc,,porta h v been n out bout the 

oti n of lood- l>ottne at.1mu11.. K.enn dy n Cl rk m intatne4 

t t re able to bt-1n out closure by the 1n3 tion ot 

ox; en illto the umb1l1c, l vein, bUt not by nit:ro :en. i-ron 

could not u etant1 te tb1 • Other b1o-ch · o 1 u.bat nee 

ve not 

th t tht 

n enens1 ly u . · .. bu , h1le r e ent i 1 

till needs very ch mor inve tis: tton, 't 

eent, t le ot, 1 od•borne stimuli do not P. er to be h 

a en 1 l t ctor in 1nit1 t1 con r ot1on of the otue. 

heor1 y b r g d d s 

,eo l'dc l etion, h1el'l httd be n di carded uri the 1n1t1 1 

t gee o thee er1 ntal era, r be1 {e. g., obaok 

n ehuan, 1941). .evertb lee, n tomic l con 1d ~at1ono 

beao on prtnciple ot o reee1on, Btr tohi an rot tton 

of t uctu , epp r to b too une rtaln to oount fo't' a 

phenor non vhtch1 With tew exceptions, tnv ri bly take pleo<h 

On the d1 obs nation on th et :etur o:t duotua 

a 1o&l ttelat1one. n 1n gutn pig ro u , 

ur1 the p aent ex_p ,r,imen, ·l 1nve ti ntions, eem to ·umJe t 

t 1t1' tha tol'W8.rd d1 pl :0 ent ot pu 

V 8 l , ch re. ult from the xp n ton o t lu 



1n l\er1ng the rel t1v haemodynrunio r l tionah1ps ext tine 

1n tbe larg veeaela. 

rtcr careful review or the theories propounded the 

exper1mcnta.l r thet has been done , on 1a 1 cllned to con­

clude wtth n rron (1944) that the eolution, hen to , may 

be be. ed on aimple haemod,no .10 consider t1on • The theory of 

Z1 g nspeck ( 1905), so rar not tboi-ougbly iUt to the teat, that 

t he ductu 1 1n a tome at te end th t t e 1 n 1a kept open 

by the p seure o th bl.oOd in 1t ( , lyt th t the removal 

ot the preeaure 111 result 1n 1ts closure) my oti l l prove to 

be ne rt truth, conoider tion o the prtnoiple that apply 

to lo v ea le tn general &\UJ eeta to one that perbape 1t 1a 

not so much t . t th ductua empt1ee becu 1t oontracta, but 

t I, t it co traete cause 1t 1 mpt1 ! 

It • n with view to s ud.yi the h emody . lies of the 

heart chambers and gre t Yea els before and after b1l'th, tlmt 

ce:r\ in o rt nt. l etucU.ee b!lve been 1n1 t1 ted. Theoo, for 

.reasons eyond conta-ol, ~ en a a ee on l shortage of pregnnnt 

guinea p1 n. nnd t obnic l dtrt1cult1ea that have hnd to be 

overoo 1e, n e in their initial tagee, but :utticS.ent progress 

has be n rnade to arrant brief reoo in this t G.te. 

». §!Jleri nta+ Obee~~t;ons. 

The ! ethodru- l'?'lhe .pps~.ntue epict 1n F1g.1.lf n conotructed 

tor th pUJ'pose ot meaeul'ing tntr c l't'liac nd a~terial preaaurea. 

It consist or rro bore intrtrt nou ne dle, a o1t!lll$ 
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shortened and r bevelled tor- the purpose. The nee4l 1s connected 



o eyot ot water nd mercury. no tera, tor 1rect N ding 

ot the r eaui- · nd to Pnnk c . eule to~ obt ining c Jera 

rac1 • he . ppr tu we duplio te to enable · 1mult ous 

a 1ng in both Yentrielee o:r two 1:tf"eNtnt v aol. Con-

eider bl tr1 l w quired to th correct re n dle • 

nd t oorreet tlui4 tor the tube obt 1n • 

a 11 -~e rln solution appe r to the beat. Pur 

it ot too rapid clotting 1n the needle ottr t 

$) r to teat tbe Mime.le advcl'sely., 1 
I 

111 e 

olutiott 

... n1 l plo~ d or t rt · ere pre n t utne pigs 

r toll e (p riod o set tion, cco 1ng to I aen, 1928, 

bei 68 d a). au1t ble an eetheilo had to b searched ror . 

reth e not eu1teble, r1or ohloroto , , or ohloro orm-ether 

L1ixtu e. .Pure ether g ve the oat sat1attnotory ult • It 

d1d not e to ect the · o tu ea a r el7. for it ·rm1tted 

to do o ., t 1 bre thed perfeotly well ter.- · 11vetT• 

T p~ gnant in pig wer pl ced 1n sl1ne b th nt 

bOey t e ure in ouch aw y t t th lo r halt of the 'body 

wa au ers • ter nneetbeti the t er, t r tu ·es 

ette d 11 e cS one et time th ugh ion in the 

uterus, t oint tu2l't t r m the pl cent • ,t-i .Jt ome 

11 e bn1 ue was devolope tor per1'orm1 tl)1., ithout 

o u 1 plaoent • openl.n 1n tho uterua 

d wt e 1» clips, the to tu e1ne ke under t 

o~ the lin ll tho ti • re t Q w t ken during 

all th1 o :reTent clu ton ot, . nd tr otion on t oor · during 
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the bove p rfo ramce. ht, lo che t of t . f o tu e then 

ope d a t a~t nd r~ t v eel 1 pl yed. The ho rt, 

in all oe used tor .re dings. s b tin vigorously nd 

tead1 • th1nne o. . the~· 11 nabled one to obaerYe the 

dtt·terent colours ot the venoua ri l blood in the two 

v nts-icles. needles could b 1 rted 1nto 1th r ven\riele 

withe • Thi thorl avoided the oe 1ous objection& tot 

, thod of ll4milton et 1. who tne rted dl e throUgh the ob.eat 

wall, 

dl 

eub q ntly d1 aeoted the he rt to se uhether tht 

h en 1n the vent:r1o l a. 

osdine ·r succeaotully obtained 1n the lat two 

toet e. It a obown that t pr ure in tho lot ventr1cl e 

ro otl c to the 1ght own in the tr c1ng ( • 15' ) 

snd t at he pressure ln the. r 1ght ven ricle wa equal to t h1a. 

/,lthough insu.tr101ent a number o e . s have yet been done 

to b o~ stat! 1oal a1sn,1t'lo noe, it p r that by tb1s thod 

it 11 ehown, to the s t1 f ct1on o all , hat th& pressure 

~ equal. . ubsequent to 

, :tn r au~ of the 
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in the t ventricle beto b1l\th• 

t. t, the t y ~ the ohenges. 1:t 

ventricle nft r 1n lation or t 1 

o~ the d tus t the ea.me time• y 

s - th ireot obeervatlon 

ld result that will 

event llY enable one to decide on t e nature o the chant 

t hat 1.nit1ate t phenomenon o olo u e. Th1 record ma7t 

the tor • b N84 ded a prolitlintu•y report on tbi ap c 

of the phen non. 



E. he,Hietolosz. 

he ulti te noto 1oal obl1t zation o t duetu be 

al be n in at1g ted. ,, i-1 l o 1on . h ve beon eu ot the 

d ctu itt,r1oeu 1n qui t riou atagen o browth. 

T 

gu1J'li 

t th 

ige, one two-ho r ol gu1 a p1£, 
one. cfct1 

gea or:, days• 6 days, 1) daJe 
.. 

n 

the gu.t.noa pifr 

21 dEl,Y • 

e reeult ob\e1ne4 ~re de 10\e 1n the Jnieropbotographa 

(Fig .. J.L, 1-o 39 }. It o n detinitolf be greed m:tll von na,ek, 

· nnecy · lerk (1941), Jager lmd ' ioll . n (1942) that t 

t l 11 the ductua 1 ditterent in tPUOture from 

the on ieh it sq; l 1n 

eia , he duotus ts th1oke · d ha . et1n1t 1, lees 

el otio tie e and mor mueole fibree han, those vesaola. It. 

can lao b shown that oppo d o the 1ew of DI7 (1921) and 

othere , tb duotuo, tter bi"h• is re closed 1n the o nt~ ­

tban at th encl • 

In addi t1on., tho to1loW1 ob rvation have been .• ad 

repN11 rr tbe c llular etru.cture o t du.otu . rter1oeue. 

he dvent1\1a 1 thin, nd posses ea no unusual ohar otertetica. 

'ihe 1n.t1 1a e erel l yer thic" and 1n ernal laat1c l nun 

ia 111 evelop d. It 1 - the di - rttcul 117 hioh ehowa 

1ntere ting te ture . It poe e e two l e~s • n out~. con-

o o11'0ul r ueole .flbre , 1nn 't! ich Ohos 

aev r l la~ re or large polygonal cells 1th t s.ni11 ote1n1ng 

v ouol te proto la nd nuclei cont 1n1 ve~y little clU"om tin • 
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p t 101 cells.. These coll - e o viouoJ.1 

o41f'1 d oth muscle cell . • bermor ela tic ttaeue 

_ o prominent 1n other vessels of t t ta , l'tioul rly o the 

rt ry the Ol't, t that a1te, 1 very sc nt, 

( g.33). Th ebov deeo~iptlon t llle 1th that of the 

rt ~10-venoun anastomoaea, a ts.rot de or1be4 by /·uc uet 1865) 

Hoyer (1877) l ter by oroe r (1903) a others. '!'heae 

The 

by t 

bove. 

er al o 

reaence or n 1nne~ l er ot 

nee or leetic t1 su nnd 

1thelo1d cells deeor1be 

p 

ea rt rio-venouo anaotomose re e 1n the cent..,al 

web o cert in bil'd (o trioh, duck, etc.) and 1n 

a of th ch1ropt ~ , tn p ot the hoof or 

tc. , nd in tho tips d nailbed or the 1 era ena 

8 0 

ww.tJr..al , in t 

cea o~ the nd te t in m n. 

l rit 1n etructure ot t ou tue rterioeu to 

t at rio•• nou anaatomoBOo 1 1 lar1ty or 

tunct on. lb l t or aan re in olo or eono1der bl 

t tt :r 1 1t1al cqntr ot1on. by v1J:t ue o the feet th&t the 

ep1th lof.d ¢ells pose ea the pttopel'tY or 1mb1b1ng flu14, n.d by 

ao t oin , can oool'Ude the l en. 

ctus rter1oeu are ma1n!Q 
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The u ~quent obange 1n the 

tho ot a d11ntegrnt1on o~ th loi c lla, probabl1 

du O C 
nt. of the d etue bJ 

1ngu1arly c llular tibrouo ti eue. T e obang e will be 

beet npprec1 te y look1 t 1orophoto ap and citation. 



Duotue 
I 

fl rt 

t r1o us 

' 

1o • :,0 X 

-) +~.cc: . /.~ 

PU nflttJ' 
./ rt&r, 

DUotue 
--- z-t r1o ua 

·.·· r:· / .·, :;;~~~\:-~­
. :-~~; .,~.' /~ ~:·k·~· ·~ ~!~··-;.• r ~1{\': 

~-j~: :,• ',;.)~'·~·>_. '.·. \ },~.><;·, 

Two ect:tona how1n t comt 
ott tho pulmonary :tt 'r7 • 
In top ct1on no e the fol 
the ductue and th p-olmonary ~, 
In lowers otion the u n 'fl1/ t 

1v n ott brnnch. 

ll e toql1n nd ~oa1n. ,0 x. 
PUll tom guin 
. t111-born to tu., 



uct 
~rt 1 u 

0 t 

,,l tic • 30 X 



Ela tS.o . ' 

8 

1 o 

11 
it 



ctu 
r rio 

, : , 

f:151 . .33_ · _~ 

C 11 

t1 

l n l 



tu_ 
I' l'108 

t= ,·;1. J4-. 

f i. 5· ,35. 



F,j . ;3 6. 
,...---------

uct 
ft 

ct _ rter1o u 1n .,...._.".a..; pi 
) day 

knosl of cell tt1 

,_ 

I .. 

:rter1oeu - 1ne· p1g • t 6 _ ay • 
piotUN, ta.ken 1 h h nu p1o\u taken 

end ... n lum n tr cen 1! of d.uctus .... 
1 whlte tbltombua eompl t olus1on. 



' . , . 
' 

l)uotus Arier1osua - guinea pig - 13 
days. 

Note size 1n comp riaon with wall ot 
aozwta. 

l aatioa stain • 

. . 

nuctue rteriosus 
at 21 days - complete 
t1broe1s .. 

n. and E. 30 x. 

30 x •. 

Elastica. 

30 x. 



(1}. review o~ the liternturo of the surgery ot the »atent 

ductue artorioaua baa been given, 

(2) Ele'f'en patients with patent duotuo have been 1n\reet1gat-ed. 

(3) The nblow1ng teat", h1oh it 1e hoped ill prove of value 

in the d1agnoaie, btls been doscs-1bed tor the first t1me, 

(4) Pletbyomograpblc atud1e& wv ( ta a 1 known) been 

done on patients w1th p tent dootuo ~rter101ua o~ the 

first t1I e. 

( 5) The probl - ot the pest-natal eloaure ie diacuoae4. 

(6) A prelim1naey repQPt ot exporunental stud1ee on th1o e.apect 

is preocn'ted.. 

( 7) H1£itolog1cel etudieo, too, ar deoor1be-d. 
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AS .. a.rs RIOO?J mm>~ .. O,R FURTllg . STUDI· 

(1) 1etolo 1oa11nveet1sat1on ot the rteriolee of the lung 

to oba ne ·an, ol'UUlpa auggee11ns a coiqpenaatory reeponse 

to the 1noreaae4 bloo4 prea ure and volume in the pulmonan 

ve aela. 

(2) Further inveetie; t1o.n ot tho •blowing teat"• 

(;) tber pletbrmnosi- phic atu ••• 

(4) Inveatt at1on ot the ohaqe 1n the haemodynam1o ot the 

sreat Te eela nd he . rt t ·t follow the 1lif'l t1on of the 

._ 

(5) tuc11 ot the effect on the b&em9d,'n 1oe ot the great 

veaael of alteration ot the an teal l t1one ae produced 

in rnOdelth 

( 6} ortl0kyr:1og:r phic studiee are suggested ·,11th view to 

T1eua11z1ns the duotus. 
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