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ABSTRAST

PART I

A review of ttre litenatr:re on the initiation of respiratíon reveals

that ttre peripheral and central ctrenroreceptor and barcreæptor reftex
næchanisns are irdeed fi¡nctional dr.:ring the perinatal period and, henoe,

their ¡ntential role in ttre onset of breathing at birth. rhe r,veight of
evidence fanrcrs ttre viev¡ that the fetrrs in uteno does not perform rhlthmic
respiratory nÞvenxents r:ntil suclr tj¡re as it is sti¡mlated to breathe at
the tjme of birttr. Asphlnda at parturition triggers tlre first breattr but
the j¡divídr:al contribr¡tion of eaclr chemical change has yet to be dif-
ferentiated. F1¡rtlternþre, both physical and c*remical stj¡nrlí ap¡nar to
play a role j-n ttre i¡Étiation of ttÉs eucial event. Tlre precise

inEnrtance of each factor requires inrrestigation. For o<anpre, t}re

evidence for tlre part played by suclr sensoty stj¡ruli as ctranges in blood

pressure has not been oonclusive. It was thus of ínterest to investigate

not only tlre relätirre furyortances of each ctremical factor but also t¡tre

influerrce of fluctuations i¡r blood pressure, alone or jointly, in the

onset of the fir.st breath.

PÃRT TT

Phase One of ttre inr¡estigation delineated ttre influence of changes

in nean systemic pressure in t4 ecteniorized fetal lambs. RespÍratory

efforts uere rnonitored using a liguid pletlrysnogrraph. Ctnngres in nean

systenic pressure in tlre absence of ctranges j¡ blood gas tensions wene

produced on 15 oceasions by rapid infusion or withdrawal of blood, ir¡fusion



of norepinephri¡re or occlusion of one r¡trbilical artery. Despite clrange

of nean blood pressure of as nu¡ch as t508, breatlring was not jnitiated.

on 18 occasions alterations jn nean blood pressure w'ittr ænconitant h1z¡:er-

capnia and hlpo>remia rære produced þ either occlusion of the r¡ril¡ilical
vein, both lnnlcíIícal arteries, entjre r¡rü:ilica1 cord or ttre rnaternal

abdcrninal aorta. I:r all jnstanoes fetal gasping was er¡oked irdicatÍng
that' the initiation of breathing is independ.errt of tte site of Ínter-
nrption of fetal1>lacental gas e:<cfnng,e. By several nethods of analysis ':
tlrere ï¡as no relationship betvæen tt¡e nean blood pressure and tlre arterial ¡1,,:,.,.ii:-
PCO2 and PO2 at tlre ti¡re of gasp. Also, nean blood pressure did not
jJlfh:enoe tlre latent ¡:eriod. It is crcncluded. ttrat changes i¡r arLerial

systemic nÞan pressure per se cannot initiate respjration. Itrthe11üfre,

ttrere is no ínteraction betr,veen hlzpercapnia-hlpoxemia ard nean blood

presstrre ín ttre init:iat.ion of breathing of fetal lambs.

Phase Tv¡o of tlre eryerimental stufrz eva}:atæd the relatíve

s of arterial gas tensicns in 14 exteriorized fetr¡ses. Ttre

fetrrs I/\,as cross-cjrculated vfütlì a¡:tificially ventílated neviborn lanb

at a flot'r rate of 250-300 mvmin. Dtring cross-circulation with ttre ttre

nevfuorn doror breattring room aJr, tlre fetus rnaj¡rtained its arterial
gas tensions and pFI at nor¡nal levels and remained in ttre norrnal apneíc

state for as long as 25 rninutes even if ttre r¡nlcílical cord was occh¡d.ed

throughout tÏris period.. This obsen¡ation conclusir¡eIy shovred for ttre first
j

I tirrE ttìat, ærd ooclusion per se ca¡r¡rot jnitiate breathing. Fetal liquid
ventilation was i:ritiated on 29 oceasions þr adjusting the alveolar

r¡entilation ard conposition of ttre inspired gas of the neqfuorn donor. At

the ti¡re of the first breath, tlrere was a positirre relationship betr,veen



tlre ler¡els of fetal P¿o2 and. pa@2. T'h.is nelationship appeared to be

linear: P¿O2 - 0.13 (P"CO2) t 0.24; (r = + 0.80; p<0.001), At a fetal
Pa@A belcrv¡ 40 rm Hg, tlre first breattr did not occur until ttre p"O2 was

5 nm Hg or less; at ler¡el of p.CO2 betlÊen 40 and 100 n¡n Hg, tlre p¿O2

aÈ the ti¡re of tlre first breatt¡ was always abor¡e 5 nm Hg and ranged

fron 6 to 16 * Hg; and at fetal Pa@2 abor¡e 100 rm Hg, the first breath

was initiated at P.o2 aborre 16 mn Hg and a,s high as 20 mn Hg. rt ís
conch:ded tt¡at tlrere is an i¡rteraction betr¡een arterja] pO2 arul pAO2 in
tåe i¡itiation of respiration jn €heep fetus.

:.;'i3.ú:trf !:$!tü!tt:u:¡:_.::;::;¡,¡¿ç¡Èr¿;:l,i4i*jy:ìf iti.,i
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æNERAL T}TTRODtrcf,'ÏON

At bj-rül, after the placenta can no longer provide o>qzgen and

reûÞve carbon dioxide for tlre fetus, tt¡e onset of breattring is ttre npst

cnrcial act essential for strvir¡al. Sir Joseph Barcroft (1) in L947

classically picÈtrred ttris norentous er¡ent as "ttle earnest of a new vital

principleu and "ttre necessarj¡ initíation of life in a new envjronrrent".

The precise nechar¡isns that, trigger tl:is er¡ent harrc long been of vitâl

interest to t}re physiologist.

fnforrnation on ttre natr¡re of tlre i:ritial respiratory stimulus or

stjmuli is also apropos to the clinicianrs choice of resuscitative

npasures for ttre ner¡icorn born lrrith depressed reqpiratory fi:nction. Indeed,

such lanov¡ledge should have a highly practical clj¡rical significanæ sincé

hr¡nan neonatal deattr, highest i¡¡ tlre first 48 hor:rs after délivery, is

nþræ conûþnly associated r,rith faih¡re of respiratory adaptation t}ran wittt

any ottrer adaptational faih::¡e once the fetw has attained a gestational

age ørpatible w'ith ectrautærine existenae (2 13) . It is ttrus cr.rious to

note ttrat relatively little attention has been directed to the sü:dy of

this problem tlnt has both physiological and. clinical ingnrtance,

conpared to the enoïm3us adr¡ances recently nrade j¡r ttre urderstand:ing of

tlre regrulation of respiration j¡r ttre adult (4).

Êieretofore, ttre j¡fl:ence of changres 5n systemic arterial blood

pressure on tJ:e onset of breattring has not been delineated. Neither has

ttre role of r¡nbilical cord occlu^sion per se nor the relatir¡e contribution
l

of eitlrer hlpox*úa, hlpercapnia or acidernia been clearly differentiated j

I
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(5,6t7'). Yet occlu.síon of the r¡nbiIícal ærd., vùrich invariably i¡itiates
respiration (1r7 r9rgtL}), is acccngranied þ hlpo<enria, hlpercapn:ia

acidemia and fluctr:ations in blood pressure.

TLre present operÍnents on sheep f-etus have been designed to
obtain,conclusive ânsw€rs to ttre specific issues raised abo\¡e. TLre first
phase of ttre ínvestigation deals with the influenæ of changres i¡r blood

pressure and tlre second phase @ncerrìs itself v¡ith the ¡¡elatír¡e jrçortances

of alterations in a:terial gas tensícns and the role of cord occlusion

tr)er se.

A strrvey of tlre literatr¡re, divided into tr¡¡o seetions, will b
given to clarífy ttre backgaround of tlre present Írrvestigation. Ítre first
consíders ttre rnorphologic and tlre fr-lnctional bases of perirratal respi-

ration. Ttre second section considers tt¡e various hy¡rctlreses that, have

been proposed in ttre genesis of tlre first breath.

The critical revíelç,¡ of tlre literatwe and tlre analysis of the

eçerinental resurts constitute the rnainstay of üris thesis.



PARI T. RE\TTETü OF TÍIE LTTERATT,RE

r. rbrçhologic and physiologic Bases of peri¡atal Respiration

rr. oonsideraLion of tlre ifpotheses for tlre rnitiation of the
First Bneath



PART T

A RE\TTEW OF THE LfiERATLIRE

ï. I4crphorogic ancl pÏ¡¡siologic bases of perinatal reE>iration ''ti

T¡r this secLion are ren¡ier^æd. ttre fi.mstior¡al rnoryhology of the

lurrg as an organ of gaseous er<change ard certaÍa aspects of clerzelo¡Nent
i:r:li:;

of tkre net¡ra1 reqgÍratory apparatus. SoÍe aE>ects of respiratorT crcntrol :..,',i,,,:,:

in ttre neonate are discussed in relatíon to Imov¡n eçerùrental results 
i,,;l¡,,

in tlre adult. l'1::ì:i)rj

A. Dq¡elopnent oi ttre }:ng as tlre organ of qa.s e<clranqe

Fbndarental to the est¿blishnent of air breathing are the

anatomical and the functional preparedness of tlre h:ngs. Lu:rg originates

frorn ttre glrt erdoderm and frcnr ttre nesoderm (11rI2). In the h¡nan fetus,

an outgn:ovrEh of cells from the erdoderm appears at 24 days of gestatíon.

This collection of cells later devrelops i-nto the epitheliar porEion of

the Iung. Ttre rest of tlre h:ng develops from tlre ¡resoderm. By tlre

twentlzæighth week of gestation, a sufficient nr¡rnlcen of capillaries

appear i:r close oontact w"ittr the frrtr:re ajr spaces. This rmrks the

beginning of ttre alveolar period in lung developnerrt v*Lich was heralded

by the earlier glandular (series of bnonchial tr.rbes) ard canalícular

(canalicular E)aces destined. to be tlre respiratory portion of tlre h:ng)

peniods. Both ttre combined alveolar surface area ard ttre nr¡rber of
capillaries i¡ æntact, wittr the alveolar sr-:rfaces are stnrcturally not

adapted for E:lnonarv gaseous e.<ctranqe prior to six nonths of gestation,

I i -: ;':
l-+.:r'..-r i.::i:i 11



but they continue to grow from ttris ti¡re onr,m¡rds throughout jntrauterj¡re

U-fe. Therefore, ttre hr¡nan lrmg at term can efficiently assr¡re its
rnaj¡r fr:nction as tlre organ of gas e<clrange.

Íle degree of pulnonary derrelcpnernt r¡aries amcng different
species (7'). Tttus, tlre 1t.ngs of sheep are relatively nore derzeloped.

than ftat of nan at birth. .Inasnrch as the hr¡nan lrng is noryhologically

ready for gaseous exchange at birth, it can be i¡rferred th,at ttre sheep

lung must be similarly prepared at term.

Iãctøeven' the lungs need to develop not only air s¡nces but also

surface actir¡e rnaterial (surfactant) before they can be effectively

ventilated. Il:I ttre sheep fetus, Born and, co-+¡orkers (13) arxf lbiøatt et
al (Ia¡ sho^¡ed that this naterial, which ís a crcnple>< of proteins arrd

lipids f¡articularly dipalmitoyl lecithj-rr and is believed to be produced

by tl:e grarrular alveolar epitheliar cerIs, first ap¡:eared at 125 days

gestation (0.85 of term). The irryortancre of th:ls surface active rnaterial

has tjeen dernonstrated by ReynoJds ard Strang (15). Ttrey,:ôbser¡ed th,at

i¡ jrnature lanbs of 110-120 days of gestation (0.75 of term) , the h:ngs

ocllapsed ccrçIetely on deflation vdrereas near term (140 days) trre

,' alreoli remai¡red distænded follcnrring tlre first inflation. I\rrther, tTrey ¡.,,,,,.,:,..
t 

--'-' i:;t;:: i:'
shovæd on a Vüilhelm¡z stlrface-tension balance that ttre octract from

l

i¡nrattrre h:ng had a higher surfacre tension on conpression of the film
than Ûrat of tl:e rnatr¡re hrng. Ttre absence of srrrfactant irr irmnatr:re

' r:... :"-: ,- :

,l lambs erçlains tlre trigfer surface tension vfrich i¡r ü:rn p:ovides an þ,ii'rL'.i:

e4llarntion for ttre conplete collapse of the lungs on deflation. In

, contrastr the presenae or absencre of st¡rfactant does not affect ttre 
,

pressure requi-red to inflate ttre }.rrgrs initÍally. ÍLrerefore in i¡nnature i

' ì.-r'. ..:
''' :r--r::i
l .-:.



lungs, the cpening pressure for subseqr-rent breaths !^ri11 be as goceat as

tlrat for the fírst breattr. T¡r æntrast, a large kanspulnonarlz pressure

is rpt required for tlre second breath in term }:ngs because the term

lungs retain residr:al ajr. consequently, there is greater r,r,ork of
breattring with eactr breath in tlre inuratr¡re grolæ.

B. DeveloFnent of the ner:ral reE>j.ratory atræaratrrs

Tn the streep fetus, Barcroft, (l) in æIlaboratíon w-ith Barzon

were able to elicít þ nech,anical sti¡rulation of ttre face, respiratory

neurørnrscular rftsverrEnt of the diaphragrn as early as the 38th day (0.27

of term) of gestation (term = L45-L4'l days) and shcned that þr the 60ttr

day oniuards ttre lanb was set for tlre first breath as indicated by its
req)onse to oxygen-want. Tlrus, ttre stage Ís set for the first gasp

arthough only less than half of the gestation perôod has erapsed.

Pronj¡r (16) obsenzed E>ontaneous respiration in rabbit fetrrses

on the 21sÈ day of i:Ttrauterine develo¡xnent (term = 31 days) and oon-

cltldecl t]:at the respiratory center becane fi:ncEional at this tÍne.

llcreoven, he dennnstrated that. respir:atory npvenents oor¡ld be j¡duæd

by tactile and painful sti¡nrlation of the skin as early as the 19th day

(0.61 of term) of gestation.

Íhe conclusions of ttrese investigators regarding tlre functiornl

state of the fetal respjratorlz center have been a:rrived at using jndirect

neÈhods. Tlo date, ttrere is no däta defining ttre activity of respir:atory

neurons in the developing,-fêtus.

C. Ctremical receptors infh:encing ventilation

rt is r¡vre1l established i¡r the adult that, both the peripheral

I t.t'



i'r

ard central chernoreceptors regulate respiration ttrrough blood oxygert

tension arxl acid-base sh-ifts (17). fLrus, 103 o><ygen bneathing gives

ríse to a sustai¡ed h1'penrentilation v¡hen the peripheral chenoreceptors

are j¡tact. If ttrese receç:tors are denervated ver¡tilat'ion is no longen

affected by tlre sane degree of hlzpoxia, but e).trene hlpoxia depresses

respiration. l4creoverr "physiological denervatíon" of these receptors

can be actrieved þr increasing tlre olqfgen concentration of the inspired

gas above 2Là¡ L00Z OZ b the ínspired gas can effectively abolish the

rprrnal perípheral chennneceptor drive and decrreases mi¡ute ventilation
(18). The ca¡rctid bodies also react, to infusion of hlacercapn:ic blood

w-ith transient ineease j¡r ventilaLion ín adult dogs (L9r20¿L¿2) and

with initiation of respiratory nnnrenents in ttre exEeriorized fetal gnrinea

pig ard lamb (23). Recently, Fitzgerald ard oo-r,rrorkers (24) strorued jn

adult dogs that transient vertebral infusion of hlzpercapnic blood also

inæeased ventilation. Thus, whereas hypoxenria stin¡¡lates respiration

nornally only ttrrorgh the peripheral chenoreceptors, h14>ercapnia acts

on bottr the peripheral arxl centsal receptors. Íhe significance of

cheroreceptors ard' thej-r pþrsiologic role have rnore recently gained the

ineeasing attention of researchens in perinatal bíology.

1. Peripheral chermreceptors

Ítrere is aÏundanÈ eçerinental evidence for the presence of

fi¡nctional carotid and aortic bodies in various fetal and nevfuorn

ani¡nals. In 1948, Barcroft. and tsnanrcnen (25) e><amjned the response of

anestlretized fetal sheep at 60 ard 70 days grestatj-on arxl at full term

to cyarride irrjesEed into the r:mbilical vein ard to CCI2 administered via

I :a.ii.:. i:r:::: j. ¡;r:.j
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the nother- Early in fetal 1ife, cyanide j¡rduced vigorous req)iratoq/
npverênts of tlre sane tlpe and rhyttun as tlrat i¡duced by 7 ta g3 @2 in
air aôn-inistered via a tracheal canrrula to tlre notlrer. Ítreir obsen¡ations
follcnring cyanide rryrere attriJ¡r¡ted to a fi¡rctioning carotid body ctrêno:refle<

at ttris early age in tlre fetus. They postulated. that carbon dioxide
was acting at tlre central and peripheral lerrels. [Iovever, t]rey did rot
provide direct evide'ce for this hlpothesis such as repeating their
o<perÍnents follcnring ¡:eripheral denerr¡ation. fo stæport

their aonclusion, tlrey nade an analogryz with tÏ¡e e>perinents of Conroe

(26) v¡lro had earlíer shor,vn i¡r adr:lt. animals that the .-r,""t ry stimulation
of respiratory mc\ienEnts by ryanide, a knorør depressant of tlre respiratory
c€nter, was entirely due to tlre perípheral rs rminly tlrose of
tlre carotid body.

ïn nature fetal lanbs, cyanide failed to elicit a reqgÍratory
reE)onse presuiably due to j¡hjJcitíon from soræ higher centers at term
(1). Rqmolds and l-{ackie (27) rnade similar obsen¡ations, ¡¡lt sho¡¡ed

tllat cyanide was an effectir¡e respiratory stjmulant erren i:n ttre term

anjrnal in tlre presenoe of other sutaneous sensory stimuli. Later, Dar^res

arrd æ*vorkers (28) shcmæd tl¡at the ler¡el of anestlresia rmrst be taken

into consideration. rn rightly anesttretized fetar lanbs (gestati_onal

age 120-141 days), ttrey shovæd that cyarride produced respisatory m)ve-

rnents h¡hich ¡:ersisted after section of tlre vagi ancl cenrical slzrçatFretics

but v¡ere abolished þ carotid si¡r:s nerr/e transection, ïhe dose had to
be ineeased by tt¡¡eefold in order to obtaj¡r a reE)onse in the youngest

grotæ (89-91 days gestation). This r,¡ork suggests ttrat eitfrer ttre

peripheral chernoreceptors beoone rþre responsir¡e ¡,rith increasíng
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gestauional age or there is less inbibition by aentral neclranis¡ns.

Although it rnay be ineffectirre vfien used arone in the term fetus,
cyanide elicit's a brisk respiratory response in anestlretized larnbs

i shorEly after birth (27). Dawes and. I"lott (2S¡ ¿rr¿ Biscoe and Rrn¡es (30)

have furnished fr¡rther eçerirrental evidenæ for tlre presenæ of a
funcbior¡al peripheral ctrenpreflex at birth. The forner 960rç of j¡¡vesti-

gators shor,r¡ed that intravenous injection of ryanide, lobeline or nicotine ir'. - '.

in nqiborn rabbits caused an inæease i.:: rzentilation. The latter i¡næsti-
' . ...t

. gators shottred that ttre unanestlretized ner¡¡born laft had deoreased ventilation :i'....,,

when breattring 100? o>qrgren, increased vtren breattring 1ow æncentrations

of o>rygren and had an i¡rcreased sensitivíty to carbon ilioxide vùren hlpoxíc.

I]1 bottt e:çerinents, ttre responses were abolished or markedly djminished

folrowing transection of the carotid sjrrus and vagn:s nerr/es.

the first dÍrect reconiings from ttre carotid sinus ne¡'¡/es 1,,ere

done by cr:oss and l{alcolm (31) in 1952. Ttley for¡nd an inæease in
inpulse activíþr in the si:rus nqtr/es in neir¡¡lcorn ani¡nals on ex¡rcsure to
low parbial pressure of o>qrgen. Íhe sane finåing was confirned by Bisæe

and R¡:r¡es (32) in L7GT al-so j¡¡ nq¡¡lcorn lanibs. Cross and l4alcolm (31)

atso denr¡nstrated an increase i¡r si:rus nen/e activitlz i¡t fulr term shee¡r

fetuses following e><posure of ttrejr npther to a hlpoxic gas mir<ture.

Iln 1965, Biscoe and- R-lr¡es (33) neasured a¡rd ocarearreA ttre carotid

chenoreceptor activity in 6 tærm fetal lanrbs before and after t]re first
breath. Tlre activity was found. to be low prior to ttre first breattr

and ineeased wittr ttre onset of respÌration. Iïarned et al (9) similarly
shovred i:r term fetal lamb an increase in chenoreceptor disctrarge Ín
whole carotid si.:nr:.s nenze i¡r'rediately after conl occlusicn.
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The foregoÍng direct reærði.:ngrs in both tlre fetus and the ns,,¡born

v7erer however, nade from nu¡ltifiber preparations of sinus netr/e. ïtre

chenoreceptor origin of irrpulse activitlz recorded from such large strands

of nen¡e is open to question. rrdeed, Biscoe, Rr:r¡es ancl salrpson (34)

shcn'¿ed in ttreir study of 22 matrrre fetal sheep using single u:ít receptor
nerye recording ttrat one tlpe (they discussed 3 t5çes) of activity v,sas

irzegrular in natr¡re and had no clear relation to ttre pulse pressure vùave

durÍng control conlitions and was inítially oonsidered as ctrenoreceptor

in origin. Itr)he\rer, fi:rthen tests such as inducing large changes in poz

in blood or saline injected into tlre carotid. sinus at control pressure

ard injecting KCIü, Na$il, KCI or nicotíne all failed to affect tlre ner¡¡e

acLivlQz- Ttrey tlren discorrered that rapid elevation of tåe ca:otid sinus

pressure elicited an íncrease in this epe of irrpulse acLiviþr rater
follov¡ed þ a period of quiescence. such a sequenoe is ezpical of a

ba:rcreceptor re4)onse. Tfiey did, howuøer, delineate one tlzpe of activiþr
v*¡-ich was prrely chenoreceptor in nab¡re as established by ttre foregoing

chernical tests denonstrating that the fetal carotid body :irdeed res¡nnds

to q¡anide- Single-fj-ber peripheral ctrenoreoeptor d:lscharges haræ also
been shovnr recently by Sclnrrieler (35) in ner¡dcorn kiÈtens eqnsed to
varlzing gas mí:<tr:res.

Recently, Dav,¡es and æ-r,¡crkers (36) Uj<ewise deronstrated that
t}le aortic èhernoreceptors are also actir¡e durÍng ttre latter half of
fetal derælo¡xrent. fhese receptors j¡ ttre sheep fetus receirre ttrejr
blood srppry from the reft heart only. Íhus, following injecLion of
mi¡¡imal effectir¡e doses of c¡¡anide j¡rto the left atrirrn of ttre fetal
lamb, ar-ter-ial blood pressure rose along ruith the fernoral r¡asoconstriction

.:._r::!!i{'-:." ,,,.{,, ,. j;+iiìrit4:i
).-.1.-:. 't: :' ::,

ir ,:', :,,-,::,si:;:ì
': . : i:i .: .i- :.. :.
I :: .r r::..'
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and ørplex changes i¡r heart rate, but rarely díd arr¡r respiratory n¡cve-

nent occr¡r. TLrese responses v¡ere greatly reduced or abolished by cenrical

vagotorgz. on the other har:d, i¡jection of ttle sane doses of qranide into
a jugr]-ar vein, ttre right r¡entricle, pulnonarlz or cormÞn ca::otid arteries

;--:.' :: :, --

caused negligjJcle cardior¡asctrlar and respiratory effects, rnilreneas

ínjecuion into the ca::rotid of nev¡born larbs elicited a profourrd hlzperynea.

It has been shown jrt tt€ adult tÌ¡at the aortic ctrenicreceptors are rnainly 
i,,,,:-i,:

concerned witkr cardior¡ascular regulation, and apparently rrcrt dÍreclly ,,-, "'
concerned with reqgjration (37). Ir¡ ttre fetrrs ttre influegce of aortic |.''.1'.,'

1, ,:;:::;,:;:

chemcreceptors (through tlreir effects on henodlmaraics) upon tlre respiratory

response to ca:¡otid. body stimulation should be taken i.¡rto considenation. 
r

Indeed, Dawes et al (36) h1çotlresized. ttrat ttre aortic chenoreceptors 
,

l

probably seffe as the first li¡e of defence j¡r fetal blood gas honeostasis.

Íh-is hlpotLresÍs assun€s gn:eater Íeaning j¡r viev¡ of the featr:res of the

fetal cirsulation r¡trrich is r:níque in tlnt tlre left ventricular blood is
a mi:ctt¡re of highly o>q¡genated verþus bræd \^rith blood of lov¡er oÐrgen

ocntent from tlre lurgs and the inferior part of ttre fetw. For exanple,

a fall jn r¡nbilica1 blood flow secondarlz to fetal h1æotension should

result in a d-ecrease of left ventrícr:lar blood po2. ftre falI j¡¡

ar:terial PO2 rruould tlren e:<cite the aorbic chenoreceptors causing reflex
fenpral r¡asoænstricLion, incrrease i:r arterial pressure, preferentía1

redistribution of card.iac output, to tlre placenta and eventually a rise
iJr txrhilical flow. This sequence of clranges would tend to keep the

artenial PO2 at rprrnal fetal ler¡els. Ttris rnaintenance of blood gas

honeostasis bV the aortic chenoreceptor nechanism terd.s to prevent

stinn¡lation of tlre carotid body before bjrth. Thís neclranisn r^nuld
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aPpear to be onI1z i¡ near ter¡n fetuses v¡iro har¡e fi:ncLional

carotid drernoreæptors. The latter is suggrested since Biscoe, punzes

and Sarryson (34) failed to record tonic carctid ctreroreceptor actirniez

nor oould tley elicit such activity r,rith clanping of tlre æ::d in fetal
larnbs less tl-an 125 days -o,estation in contrast to ttre str:r$z of Barcroft

and l{anrcnen (25) v¡Tro used cyanide stinn¡lation. ft could be that asphpci_c

changes in gas tension are relatively less intense sti¡rmli tlran ryanide
pa:ticularly early in fetal life.

To test their hgnthesis, Dan,es et al (39) furLher studied ttre

effecE of hlpoxemia in teim fetal lambs befone and after denen¡ation of
tle peripheral reoeptor afferents. Relative hlpo:<emia in the fetus was

induced þ giving tlre eir¡¡e lor,rer oxygen rni:ctures or room air to breathe

for 6 to 10 rninutes after initially breathing 100å 02 or an O2-enricbred

air raixtr-rre. A fall in fetal carotid arteriar po2 from 37.8 t 0.5 to
28.4 ! 0.9 nrn FIg was associated with tact¡zcardia, fernoral vasoconstriction,

and an increase ín arterial presstre vùrich persisted after trilateral
carotid si:rus nelr/e transection but rr¡ere aholished þr cutting the vaEo-

slznpattretic tJ.un]<s atú/or aortic nen/es. nldeed, after sectj-on of ttre
latter nela/esr hlpoxernia caused a fatl in blood pressure and. fenoral

r¡asodilatation.

Thus during the last ttrird of gestation the aortic ctrenoreæptors

refle><Iy aontrol tlre circulation to rnaintain nornal gas tensions. It is
likeIy that ttre ca::otid body in tlre sheep fetus beconies responsirze to

changes j¡r arterial gas tensions W 1.2S days grestation.

i:ìtl¡
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2. Central Chenoreceptors

n: adult, Nicholson and Sobín (39) and Nicl:olson (40) denrrnstratd

tt¡at nicotine or lobeU-ne applied to ttre posterior floor of ttre fourth

ventricle instantly depressed ventilation; oocaj¡e a].so depr:essed venti-
lation after a period of þperpnea. rhusrttrey proposed the presence of
chenrreceptors on the posterÌor floor of ttre fourth r¡entricle v¡hich

inchdes tlre area ¡nstrena. Later, Mitchell et a1 (41) de¡ronstrated.

bnisk respiratory responses to increased hydrogen ion concentration or

PCO2 and to rapid injection of nicotine, lobeline or cryanide into npck

cerebrospinal fluid perfi:sing tlre ventrolateral sr:rface of ttre nedrrlla.

Thus, tlrelz oonsidered the site of chenurreceptor action to be i¡r the

subarachnoid space and. not in tlre fourth rrentricle nor in tlre region of
the area postrerna.

Notruithstanding the r:ncertaintlz regarding the site and rnoryhology

of central cbrelroreceptors, their irrportanoe in the control of respiration

in the adult is well accepted (17). Further, str:dies har¡e shovn: that

62, kncrv,i'n to har¡e bottr peripheral and æntrar effects in the adult,

incr:eases r¡entilation in ttre nei,.rborn ard can also stinn¡late tlre fetus (23).

Tttus, crentral receptors are probably also functio¡ral dr:ring tlre perinatal

period and conceirnbly play a siga:ificant part i¡ the jnitiation of

breattring at birth.

In an efforb to elrcidate the role of central stimulation in the

i-

r.ì::.:¡j;

t:. .'

i': -:-:-:-:''-

fetus and neonate, Ilodson and. oo-r,,rcrkers (42) posttùated, on the basis

of j¡rfor¡nation derived from strdies j¡r dult (4L) , that, añ alkaline

cerebrospinal ftuid (CSF) pH r,rcu1d jxhibit breatbri¡g j¡r utero and a 
'

rapid dec:rease iiÌ CSF pH could hitiate respiration at birth. 
i,.*;;,;.,:1
:r::1.-
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Howeven, ttreir data shcn¡¡ed thät tåe acid-base relationships betr¡¡een blood

and cerehrospiiml fluid Ín 20 fetal larnbs str¡died v.¡ere similar to that
in the adult. The cs pH renrained acidic during tlre last third of
gestation arx1 yet no respiratory rÐvsr€nts r¡Êre seen. Neitlrer díd.

alterations in CSF pH betr^æen 7.10 and 7.30 induce a respiratory response.

The findings of ltodson and æ-.r¡¡orkers (42¡ should not nullify
or dimi¡rísh ttre suggestion of BÍscoe arrl Punzes (30) ttrat the j¡ritiation

of breattr-ing ín sheep fetus by oord ocelusíon could be dr:e not only to
peripheral chenoreæptor sti¡m:latíon but also to direct æntral actir¡atíon

of the rnid-brain ard nedulla or both. To sq4nrt their sr-rpposition ttre

latter irrvestígators sholved that nen¡fuorn larnbs increased ttreir ventilation
i-:: res¡nnse to æZ in spite of carotid sinus nerye section.

Obviously' si:i'ply cutting tlre carotíd sinus ner'\¡es but leaving

the vagi intact caÍmot rule out a ¡nssible j¡rfluence from aortic anð,/or

pnronarlz clrenoreceptors. Schwieler (35) imrestigated this particular

problem. He confirned. earlier obsen¡ations ttrat 32 @2 in the inspired

air of nevily born kittens inctæased tireir ventilatíon. Strortly after
transecting both tlre carotid sinus ners/es and vagi, ttre sane hlpercapnic

stimrh¡s again i¡rc¡ceased respiratory fregr:enq¡ and anplitr.rde, indicating
jndeed a central effecb. On ttre other hand, aùn-i¡rístering 10? 02 usually

caused a diminution of ventilation. Not. infreqr:ently, hcmrevrer, hl4nxia

resulted in a gasp-liJ<e breathing pattern of considerable dr:ration.

Just as a gasp-like breathing ¡lattern can occur in response to

hlpoxia erren i¡ the absence of all krpurn peripheral chenoreceptors, in
intact anirnals an i::creasJng carotid chenorece¡:tor discharge due to

persistent hypoxia does not gr:arantee i¡æeasing or continrring ventilation.
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Indeed' Sctrv¡"ieler (35) has denonstrated j¡r nevfuorn kittens oçosed to

hlpoxia ar¡ increasing chernoreceptor disctnrge erren after respiration trad

ceaped. Tn an índ.irect, sense, ttris obsen¡ation srpports the Írrportance

of tfre concept of central chenoserrsors i:r the neor¡ate, but muctr nrcre

djrect sürdy is reqtrired.

D. Barîû- or presso-receptors

As recrently as 1968 (43) , the role of sj¡o-aortic baroreceptors i.,,,.'
l:.::::r..:.

in postnatal respiratory e><citation has been aonsidered but has renained ..
1,,:.:1..

unsettled. Tn the adult, they are Imown to har¡e a direcE, influence on l,'.:':i"

the ventíIatory response since an j.::crease in baroreceptor activíty

reflexly inhibits rrentilation and a decrease i¡r disctrarge augnents

respiration (37). Hov^er¡er, these receptors are ma5n1y concerned with
I

cardiorzascular regrulation. Tlpically tlrey jncrease tlreir rate of firing l

lin response to increased nean arterial pressÌrre ar¡d j¡æease rate of 
i

change of arEerial blood pressure (44) . Trrpr:lses fron ttrese receptors

travel lÐ the sínus netÍ/es to ttre redr:lta where ttrey inhibit the activity '

of cardioaccelerator and vasooonstrictor centers, allovring unoip¡nsed 
i.':,rl;

actíon of tlre cartioj¡ltribitory centens resrhlting in bradycardia, ¡:eripheral :,.,,,,.

vasod.ilation and h1çrctension. Conrrersely, tlte fi-bers cease firing vùren l,.,",'

blood pressure falls below 40 rrn Hg (4S), permítti-:rg r:ni:rtribited activiÇ
of vasoænstrictor ard cardioaccelerator centers 

,. ,

Does baroreceptor fr¡nction appear early in life? ¡btt (46) seered [¡i
f-'ii" ':

to have ans-vrered this qr-restion when she stated "the circulation of tlre
nev¡Jcorn rnanrnal ís not tess efficient ûlan ûÞt of tlre adult". rn tÏre

i

neviborn ¡:eniodr a persu¿rsive piece of evidence bearing on ba:oreceptor -

:.j- .ìtr ç :.:,
t 1-:ri'.Ì.r1.
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fi¡:sLion was the dernonstration of a positive linear ætrelation betr,ueen the

level of i.rr&¡aed j¡rcrease j¡r carotid si.trus pressure and the fa1l i¡r systenúc

nean arterial pressr:re. Suctr i¡rfæmation has been fi¡nishecl þ Downing

(47) v¡?þ str¡d.ied ni¡e nev¡born rabbits fr:qr- L2 hours to 9 days old. ûltren

the static pressure was raised by 30 - 40 nm Hg in one carotid si:nus

isolated from the rest of ttre circul-.aton but with its afferent netr/e,.

intact, he obsen¡ed a significarrt faIl in systenric arEerial pressure.

Denen¡ation of the sinus in five anj¡rals crcrç1eteIy abolistled the res¡nnse.

F\rtherenore, he shor^¡ed that the d:ischarge freqr:enqy of recorrled action

trntentials frCIn a single fjl¡er preparatlon inæeased w'ittr an i:ræease i::

arterial pressure and deæeased with a dec¡rease in pressure. lbreover, he

shcxped tlt,at the reE)onse occr.rrred even at the lcnu nean arterial pressure

of the neu¡born. That aonsiderable tonic afferent baroreceptor activít1z

e><isted in both tlre aortic depressor and carolid sjnus nen/es was indicated.

by the obse¡r¡ation of signÍfÍcant increase fur blood pressure (about 13%)

on conseeutive section of these nerr/es. Bloor (48), aside frcm oonfi-rming

Dov'a:ing's findings of a Snsitive li¡lear:riilationship betr^¡een baroreceptor

discharge freqr.:ency and q¡sternic blood. pressure and of a tr:ighen tfireshold.

in older rabbits, shorred no difference in ba:rcreæptor sensitivity (ba:rc-

reæptor sensitiviþz was defined as change in discharge frequencry ¡:er unit

change in pressr:re) at varíous age grol4)s with eittrer absolute or relaLir¡e

blood pressure changes.

TLre baroreceptor refle>res nay be +rit€ responsive erren dtring jntra-

uterine life. fhis was first suggrested iT 1945 by Barocoft ard Ba:-on

(49) vriþ obsen¡ed jn the near term sheep fetus tt¡at a rise of arterial
pressure caused þ injection of epinephrine or norepinephrine

Ì:_; :j



-:.ìij.:1t
/-,*æ.iÀ,4;;;::_:,:r:_:'Ë:.r=z¡-29;€a::31ÐålÊ.':fi:*:=l::a*,:5:;:;::l:f

was often associated wittr acute bradycardia. Thre bnadycardía was

abolished þr bilateral vagotomlz. About a decade 1ater, Dalres, ¡btt and

nennick (50) sirnilarly shov¡ed in the sheep that ttre sane phenonenon

,i @uld be deronstrated as early as 90 days of gestation. Ibreover,

sustai¡ed tactrycantia has been obsen¡ecl j¡r ttrís sane age fetus v¡Lren sr¡b-

jected. to henorrhage (51). Ítre foregoi-ng obsenzations only irdirecLly
refleet ttre ¡xesence of functional baroreceptors in fetal life.

. A few years earlier in 1952, Cross and tutralæIm (31) had. approached

,, the issue nxlre directly by neasuring the action potentials recorded

from proxinralllt severed carotid sinus nerves. They obsenzed ín tr¡o near

, term lanbs ttre presence of baroreceptor activiþz following carotid

occlusion with rise in blood pressure. ïn 1961, Cross (52) illustrated
in prelnatr:re sheep fetus (130 days gestational age) tonic baroreceptor

acÈíuiÇ tåat, r^¡as rendered nÞre conE)ictrous v¡tren üre notlrer received

L00Z 02 vúr:ich abolished ttre chenpreceptor action ¡rctentials. Ilarned

et al (9) published similar ba:rcreceptor recrcrrlings in fetal lanbs before

ard after clalçing tlre unbilical ærd. All the nenze potentíals \¡iere,

hov,ier¡er, obtained from nnrltiple-fiber preparations.

Veqr recently, Bisæe, pr_lr¡¡es and Salçson (34) reported tåeír

investigations into tlle r¡arious Qpes of carotid si¡rus nerye activity
fron si-:ngle unit. In all 22 fet;.J- Iarnbs str¡died. (I2O-L47 days grestational

agre) baroreceptor afferent activitlz was identified. Ttno tlzpes of such

I activÍty were descri-bed: 1) regrular baroreceptor afferent j_n v¡hich

the activiÇ is slmchronous witt¡ the pulse pressure wave, closely follovn

locaI (carotid arEerfz) changres in artería1 pressure and. is not affected.

þr large clranges in arterial PO2 or i:ttracarotid injection of clanide or

i :........:'':' 1.i- -/':' :
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ni-ætine, ard 2) iregnilar presso-rece.ptor afferent in uûr:lch tlrere is
ir"regular discharge røittrout clear relátion to the pulse pressure wave

h:t othen¡¡ise odribits the sarÊ properties as the fjrst. t"trreover, they

shovred that follovrjrrg cord clanping the responses of both tlre regular

baroreceptor arx1 irregnrlar presso-receptor afferents l.¡ere j¡nedia.te in
conürast to carotid ctreroreceptor res¡nnse v*rich was delayed for aÏ¡out

5 seærds ard coincided \,v-ith tlre fall in arteríd pOe. A1so, thry

fourd that stinulatlon of t]re s1'npathetic nerr/es jncreased barorecE>tor

actívíQr. This latter obsen¡ation is at variance v¡ith the response in
adult cat (53).

E. Sunu¡ar¡¡

11re lung nnrst reach the alveolar stage of develoS:nent before tåere

can be efficient gas exchange to sup¡nrt the nsvborn aninæl. fhis staæ

is fully reached at term gestation at rvh-ich ti¡re sr:rfactant essenLial

for lung stabiliQz is also available. Fer¡iew of tlre literatr¡re rq¡ea1s

that the ¡:erípheral artd central chenoreceptor ard baroreceptor refler
ræchanisns are j¡deed fr,mctior¡al durirrg the perinatal period and., hence,

their potential role in tlre onset of breathing at bj-rü rnrst be considered.

Ït should be erçhasizú., hovever, that thej¡ fi.¡nctior¡aI presence cloes

not, confer to them a rnajor role in the initiation of respíration. This

realization leads to a critical crensideration of ttre various hl4ntheses

'¡'Èrich have been j¡rvokd to e>q?3åin the first breattr.

fr. consideration of tlre h]æotheses for tlre initiation of breath

ïn general four postrrlates have been oroposed to e>çlain the

nechanism of tLre initi.al postnatal hreath-henceforth to be refelred to

L7
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sirrply as tkre first breath. These are: 1) the first breath ís a-

continuation of i.::trauteríne res¡cÍratory ncn¡er¡ents; 2) it is a reaction

to sud'den florv of sensoq/ irçulses acting from outside the body or from

withín; 3) it is a response to asphlaria v¡l:ich acærçanies deliverlz;

and 4) it is a jofurt result of both asphla<ia and sudden sensoqf

bcrnbardnent. at the ti¡'e of bi.rth.

A. Ttre first breattr is a continuatiojr of intrauteri:re reE¡iratory nror¡ement

This fr1çotlresis ì.nrpIies that neonatal respiratlon is not inÍtiated

at the ti¡re of deliverry, that is, the first (posünata1)rbreattr"is not

the "first bneath". Although seem:ingly a paradox, tJ"ris ¡nstrilate is

based :r.upon the belief Ulat tLre fetr¡s j¡r utero nornall1z ¡:erforms rhytlrrnic

respiration v¡trich is æntinud after bírth. A qr:esLion is in'¡rediately

raised: Does intrauterjne respjratory activity norn"alllz occur? Ttre

ansvler to thís problem has been sought from tr,¡o rnai:r categories öfr

irnzestigations (Sa¡. F5rstly, obsen¡ations viere nnde directly tlrrough

the abdom:inaL arñ/or uteri¡e walls. Uncler ttrese circumstances precise

disti¡¡ctlon of generalizecl body novenents frcrn tlrose due to ttre respiratory

act nn¡st be difficult.. Fr:rtlrer¡nore, one would have to be assr:red tÏ¡at

ttre open abdominal and,/or uterine walls do not interfere r^¡ith transplacental

gas orchange. Secordly, the str:dy of fetal reryiratory passages for

aspirated radiopaque dye follcn^ring its injection i¡rto the anuriotic sac

v¡as und-ertal<en.

Ttre crcntroversy over the presence or absence of intrautenine

respiratorlz nnvenents has resolved itself into tr,'n fundanental views.

One view hold.s tÏ¡at intrautê¡:ine respiraLion is a norrnal s¡nntaneous

:.::::,ì'
t:'t,:,
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event. Ttris ænoept was ínitially suggested þz Alrlfeld (55) j.:: 1BBg.

His viewpoint was based u¡nn i:rferences dranm from tambor:r tracings of
a rhythnric novener¡t pattern picJ<ed up from the w'ropenecl abdo¡ni¡al wal1s

of r:nanestlptized pregnrant vücnen. flrese rtrlzthmical nÞvefllents proved to

be of the sane frequenq¡ arx1 anplitude as the respíratory movenents of

the neu¡lcorn i¡fant. Ahlfeldfs obser'øations were extended by Bonar,

Blurenfeld. and Feruring (56). Tlrey obserr,rred. through tlre ecposed intact

uterus distinct fetal respi-ratory novenents in 10 rabbits, 5 dogs and

13 rats. A fr¡rther proponent of tJ:e sane scl:ool of tÌ:ought is Pronin

(16) vùro recorrded spontaneous fetal respiration by reans of a therrnistor

vùrich recorrded the entry of air into ttre lung in 224ay ol,il rabbit fetus

w.ith ne¡nbranes and ptaeental circrrlatíon intact. Ttrejr views were also

shared i:r 1937 by Snlzder and Rosenfeld (57) "v¡tro str¡díed the prcblem

in rabbit ard E¡inea pig fetuses. Ttrese ínvestigators likenrise

obse¡¡red rþthmical respinatory npvenents withi¡ the uterus. It strould

be noted, horrurever, ttrat their technique regurired the utenrs to be

delirrered i¡to a bath of Ringer's solution at 37oC. It is indeed likely
that this rnaruipulation j¡rterfered witJl placental gas o<ctrangre.

Becker and ao-r,,¡orkers (58) noted ttrat in nosÈ str¡ilies lvtrich favor

the oonclusion tl¡at tlÊ fetus nornrally performs respiration tl¡e i¡nresti-

gators had intennpted ttre pregn:ancies for a varieþz of pathological causes.

This leads to a ænsideration of ttre og4nsite vier,s vitrich holds tÌ¡at the

fetus is lying inerE insofar as respiratoqy nr¡r¡enents are ooncerned

t¡rtiI srrch ti¡ie as it is stimr:lated to breathe þr stress or other

ctranges in its control irechanisms. The obsen¡ation of Barcrroft and

fb¡¡¡cnen (25) that rpt all fetuses shor^r rhythmic respi-ration at ,

19
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all Li-nes su34nrbs ttlis viel'¡. Ibre critical strrdies recently done in
rats ard. guinea pigs (58'59) have firmly skençÉhened this secord view-

poiJlt. Becl<er ard- c.c-v.prl<ers (58) conpared. tlre behavior of 75 guinea

pig litters i¡ which ttre uterine vessels to one horm rn'ere clanped near

term. Prior to uteri¡re r¡ascular occlusion of one horn, the o>lzgenated

fetr¡ses jJr boü horns never engaged i¡ i¡rtrauteri¡re reqoiratory-like
i:ehavior. rn oontrast, the group vúrose,:placental blood su¡ry1y vras

later crcrçromised shcn¿ed intrauterile respiration. The obsen¡ations

hTere consistent for each paired gnr:inea pig specinen¡"although scrner,ù¡at

uncertain i¡r rat fetr¡ses. EVen r^ritkr the rats, houever, respirato4T

Irsvenents could be ær:nted vrith far greater degrree of certaintlz in fetrrses

from clanped horns tlnn in fetr¡ses from unclaÍped horns.

In addition to ttrese direct obse¡¡ations nade ttrrough the sérni-

transparent uteri¡re walls and necessarily opened abdorninal r,val1s, Carter

and his collaborators (59) euployed roentgenological techniques. Tkrey

rnjected thorir¡n dioride i::to tlre anmiotic sacs of guÍnea píg and rat
fetrrses and looked for evidence of aspirated contrast nedium in the lung.

As beforer one group was from the horn lrrith uterj¡e vessels c1an6:d;

the feürses in tJ:e o¡4nsíte r:ncla¡rped horns se¡r¡ed. as o><Srgrenated contsols.

Evidence of aspi:ation of ttre dye in the þzpoxic fetrrs ard absence of
aspiration i¡r ttre o4¿genated group v;as npst corn¡inci¡rg amsng guinea piqs

br.rt eErivocal v¡ith the ::aù fetrrses. Tn onder to obvíate the drav¡bacl<

of, flal<e fornaLion of thcr.ùum dioxide i¡¡ tlre rats I anniotic fluid. that

could prevent its aspiration even bV the h14:oxic febrses, ttrey perforned

ñ.trther eryeriniental strrdy in pregn:arrt rats usíng a dífferent contrast

rcaterial (60). Tne an¡riotic sacs r^rere injected with Calcodur blue dye

i',,.;,
t::. -.
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v;drich does not cause flaking nor crosses the cjrculatíon. It can only

firld its way to the giut or lungs if directly svrallovaed or i:rtraled. ÍLre

dye alsost i¡nrariaTrly appeared in the fetal }:ngs vúren h16:oxia supenrened;

otlrerwise, tlre dye nortrally for:nd its way into tlre fetal digrestive tract.

ïn human fetr:ses in uteroo localizatíon of the fetal abdoren aay be

acæn'plished by injectlng a radiopaque dye Snto ttre anu:iotic fluícl (61).

fhe dye is suallov¡ed by tlre fetr:s and crcncentrated j.n the digestive *act.
It is comnfn knowledge altlrough r¡ct formally reporLed ttr,at the contrast

rnateríal never gets ínto the fetal }-rng r:rrder normal circumstances. Ttrese i'..,',,:;;it;,;:;.r:
i.';'tl,::'.,',,'';,.'.':;

data far¡or tl:e vierv that intrauterine respÍratory novenent is not a

spontaneous, norrnally occurring phenorenon. Consequently, it apnears

rnore logical to consíder the first neonatal breattr as an event tlrat

interrupts tl:e norrnal fetal apnea.

B. Ítre firstlreath is g reaction to sudden Fensoq¡ bornbarrdnent

Urdoubtedly, the fetal respiratory neuroregulatory a¡rparatus is
organ:Lzed earl1z in fetal ljfe ard set for coordinated function at ]oirttr.

Mcreover, it ís knov'¡n thati.reflex patln'uays can exlst before tlrey are

brought into active use (47). If in fact tåe fetus is lvholly ir,actíve

in uteno, at least, tr,,n ¡nssibilities exist to eq:lain the ful1 picture.

Either 1) tlre fetal nedullaq' respÍra.tory centers are nol:lErlly directly

inhibited from sone higher centers, or 2) the sensory inpulses from

all sor¡rces j¡lto ttre respiratory center , are insufficíent. Tlre possibility i.-liÌi,i,';. Í:Í
lr. ir,,:. .,: :i.__.rr-;i .-_;,

of inhibition near term from some h:iglrer areas ¡¡sas tested- by Barcroft (1). '

Uslng t¡,¡jn-beari:rg ewes near term v¡ith the *ro*ra* fetus senzing as

a control, he showed tlnt following secbion of the brain stem just

2L
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caudal to the pons respiratory rcfi/ements \i¡ere produced only on rnechanical

stirr¡.rlaLion of the facíal area. Tn crontrast, s¡nntaneous alnpst. con-

tj¡uous respiratory rnovenent ensued folloro"ing section at a level just

rostral to the upper border of tlre pons. Th-is observaLion led him to

conclude that tåe locus of jnl:jJcition of the nedulla4r nechanisras resides

rostral to tlre pons. His obsen¡ations also srlpport the vier,v that intra-
uteri¡re respi.ralion does not norrnally occur in the near term fetus.

Tlre alternative e>çlanation of insufficient peripheral sensor1z

stimrli resulting in i¡effective t¡affic of general activiez r^rithin the

braí¡ stem reû,*cular forn'ation ha-s rec.eived a nr:ml¡er of su¡ryorters

si:rce iirst proposed by Burns and Salrnoiragh-i (62). Ttrese irnzestigators

clenicnstrated i¡r dece¡:ebrate, decerebellate adult cats that. ttre periodic

åischargre of reryiratory neurons was naintaind ín the absence of period:ic

activity in yagal and proorioceptive afferent pathwalzs. Furthernrcre,

they shoved th,at progressive neurological isolation of tlre brain stem

from ÈLre rest of tlre nei¡rcus q¿stem brought about a progressive decline

in the nr¡nber of periodically active respiratoqy neurons within the

nedulla4z respiratory area. Thejr findings suggested to thenr that i::

the unborn anj.n'al the respiratoqy svstem rernains stal¡le beeause of the

ectrerely 1o¡¡ level of general activiþ' witlr the lrrain stem.. I4crecxrer,

they proposed tLrat tlre sudden i:rcrease in sensory i:rput to tlre netr/ous

systen at the r¡ornent of birth crculd. explai.:: the onset of postnatal

breath:ing. This pronosal has for¡nd cu:rent adherents in Averlz (6),

Dawes (7) and purves (63).

Ir.t ¡.:.r: .r. . : .'::l:_
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1. Tactile and proprioceptirie stinuli

llrcm studies in ad.ults, it is kncn¡n tlnt actir¡e or passive Íove-

nents of tlre Ií¡rbs wittr receptors probabry j¡r tTre joints (64) and

ærtain passive total body notions such as vjJ¡ration 5rr high speed air-
craft (65) can inc¡rease minute r¡entilation. That such novenents could,

indeed, contribr¡te to the initjation of respiralion j¡r the fetus has

been raised as a possiJcilíty by Polgar (61). Tlrese npvenents r^¡orrld

probably be play.ing only a rni¡or role i¡r view of the obssr¡ations of

Burns and Salroiragtri (62 t67) that t}re perioclic disckrarge of respiratory

neurons persisted in ttre absenoe of propriooeptive affererrt pathrualæ.

Additíonal evidence tns beerr prorzided þ Llznens rþi (68) rvho

obtained, using glass mícr:oelectrode, i-:rtracellular recordings from the

neurons of reticr:laris forrnation i-¡: adult cats. He shov¡ed tJ:at strearns

of proprioceptive irpulses from joi::ts arxl muscles had onl1' slight
irrfluence on activation of tlte neurons, wtrereas the flov¡ of cutaneou,s

afferent irrpulses v¡ere essential in the neuronal actir¡ation. His findings i

together w:ith ûrat of Burns and salnpj:aghi (62ß7) str:ongly sup¡nrt tJre

early obsen¡atíons of Baræoft (I) v¡ho was able to e1ícit gaqc from

pa5nful pinching of the rabbit fetr¡s ear and of pronin (1G) v¡tro shoæd

tlre same response frcm tactíle and pai::ful stjmulations of the skj¡r of

ttre rahbit fetus. Strrdies similar to that of LlznwrsrþÍ shculd be done

in the fetr:s to defjne ttre precise afferent systems that actir¡ate tlre

fetal respiratory neurons.

2. Thernal stirruli

That cold can be an Ínportant, respjratory stj¡n:lånt was kncmm to

23
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Earcroft (1) - IÐwever, it was Dalues (7) v¿ho elegantly denonstrated that,
indeed, cold alone can i¡tltiate loneatJrinq in sheep fetus. p,e delirrered

the fetus by Caesarean section r:nder light chloralose or local anestlresia.

B1t applicatíon of ice cubes or use of an elctric fan, he could. reduce

tlre rectal terq:eratr.rre of ttre rnaü:re fetal lanrb fron 39.50 - 40oc to
35.50 - 36.5oC- At tlt-is latts ten¡rerature shivering ard respiratory
novenents occutred. !'llren cooled to shivering but prior to ttre onset

of the respiratory response' application of ice cr:bes or ice-æld water

to t-he nputtr of faoe could irnrediately elicit rlrltlrmic respiration, l¡1t
none occurred l¡tren warm netal 0r wal:In water was used.

The nechanisn bV v¡Ìr:ich cæ1ing initiated respiralion has not
'been defined. changies j.:r arterial gas tensions and pH cnuld not be

incrjminatæd j¡rasn¡¡ch as they rernai¡ed norrnal during tlre procedure.

Neither æuld it. be due to ttre tacLlle effect of aj-r rcverent producecl l

r]ry the electric fan sj¡ce switching a fan on or off v,¡ould start or stop 
i
I

breatÏri:rg nþvelnents only r.ùren the lamb's crcat was uet, i-rdicating that 
i

lit was the æoling per se th,at was criticalllz inportant. He suggested

tÏ¡at cooling hY itself resulted. in intense cutaneous stimirlation that ,.i:..:i:=.,
i.: : :' -r;, -

activated tL€ fiEdu1lar1z respiratory neurons. rr factn it is rea¿ily ¡...,ì,.,.,,

r:nderstandable ttrat thre cold. air of trre e>Éra-uterine atmosphere ':"'r'::"':'

represents a drastlc ctrange from the r¡iaïm i¡ltrauterine er.wironnent.

A ¡nssíble alterna-te erylanaülon for ttre effect of cold rnay be

derived from ttre recent r,'prk of lrþIrnon and co-1,¡crkers (69). ÍLrey

disc'ussed ttre role of bradlzklnin as a ¡nssiJrle nædiator of neonatal

circulatory changes in thre hunnrr arxl proposed as one nectra¡risn for the

productíon of the kinin the terçerature drop in ìnnbi]-ical vessel blood

24
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at tkre ti¡re of birbh. Recently, Capek (70¡ studied. ttre pharnacologic

effects of bradykinin on the ssntral net:t/ous system of adult cats aryi

deseibed the consistent occurrence of tachlpnea jsr acld.ition to tlre
ottrer obvíous signrs of central nen¡ous system excitation. Th-is dtral

infornaLion might. be considerecl as an eplanation of the nrechanis¡

j.:nr¡olved in the initiation of breath-ing bv cooling alone. lbreover,

the e><act role of bradykjli:: in tlre onset of postr¡atal respiration

nerits furttrer i:rvestigaLion.

The influence of high tenperatr:re has not been djrectly studied

in the fêtrrs and neorrate. In adult anj¡rals and. rnan, roderate hlperthermia

ís larcn^¡n to produce an increase in ventilation (1S¡. Ttre rnechanism jn

anj¡ra1s is tlrought to tre an early j¡rtribition of inspiratory activier
v¡irích results in taclrlprrea. Ttrus, it seems i,lnlikely ttrat hlzleertåermia

r^¡curd initiate an inspirator:y g'dsp j¡r the fetal laft. ïrdeed, Dawes (7)

v¡as unable to jnitiate breathing bV the application of heat, to the face

of ttre term fetal lanilcs. It ís of j¡rterest that l{raner and laillikan (71),

investiga.ting tlre effect of high teryeratr:re on tLre o{gen satr:ration

of the blood in the nelvborn lamb, obsen¡ed tt¡at tlre heati- from an

electric radiator reduced respiratory actlvity. Thus, the ventilatory

response to hlpertlrernr-ia may changre with agie.

3. Sensory sti¡rn:lus arisi:"rg j¡ the t¡mbilical cord

Another stinulus ûrat has been suggested j¡r tlre past is cord

occlusion per se. courd. the ventilatory response be due in part to a
neural nechanisn arising in the coril? There Ís no knov,rn ,central nelr/ous

system supply to the crcrd. Hov/ever, Fox and. Jacobson (72) have recently
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dernonstrated, by Íeans of a ¡rodified nethylene blue tecfuriE:e, neural

fibers in the htunan rmüciIical cord, but the role of such fj-bers reÍELiJrs

çn'rely speculative at this tiiìe. on the ottrer hard, ttrere has been

no convincing evidence tvlriclr excfudes a role of cord occlusion per se,

vñatever the rtechanisrr inrcrved, in tlre initiation of breathinq.

4- Neural discharþe from nechanorecreptors in tlre thorax

In addition to the sensot1' sLi¡uli from outside ttre body, tlrere

are also ærtaj-n sti¡uli from with-in w?rich ttre fêtr¡s ex¡:eriences for the

first tine at birth. coropress,ion of tåe thora:< during tlre passagre of
the fetr¡s ttrrough ttre vagina might trigger the inflation reflg>< of Hering

ard keuer nediated by the vagÍus. This roould not ecplaín why fetrrses

delivered by Caesarean section begin to breatlre. Irbchanical eq>ansion

of the chest could also jnitiate jnternal senscÈfz afferent irnpulses v¡hich

are ca:ried bV ttre vagus to tlre respiratory center (1). Vúrat initially
triggers the chest opansion rernajns to be shcn¡n.

A gasp reflex sjmilar to tlre "paradoxical reflex'', first descrjjced

þr i{ead (73) irr 1889 to distinquish it from t}re usr:al respíratory

intriJcition produced by Snflation, has vettr/ recently been described j¡r

the sheep fetrrs þz ftughes et a1(74) . ftrey denonstrated that-Ltracheal

inflation to 40 rmn Hg invariably eIåcitect an inspjratory gasp. The

response !üas reversiJcly inhibitd b,y r¡agal crooling or local_ lidocai-¡re

anesthesia to the air ¡:assages. Bilateral rzagotomy perrunently abolished

ttre response, indicating that this gasp response índeed ínvolved a

vagal reflex pathvuay. It has been posttilated. tl¡at ttre "frog sruallcn,rjng',

ît)venÊnts of air jnto the fluid-filleC trache¡. at bírttr -- described þ
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Bosna, Lird ai:d Gentz (75) in the nev¡born infant -- æuld. j¡ritiate the

gasp reflex at the ti¡:.e of partr-rrition. Ttre exact role of th-is refleu<

j¡r tTre initiation of breathing at birth rernains to be established.

5. Sudden changes in q¡stenic bloocl pressure

Anotlter internal sti¡rs:Ius that has been considered is the rise
in systemic arterial bloocl pressure follo'aring severance of the low-

resistance placental circulation. I{rafka (76) i¡r 1933 origÍnalry

pro¡nsed tt¡at the rise in systerúc pres$rre v¡ith consequerrt incrrease j::

cerehral blood flow and greater d.eliveqz of carbon d.ioxide to the brai¡
was essential for the first breath. Iater, Barclay ar¡d co-v.orkers (77)

sul:scribed to ltrafkars h1æothesis ard to Baræoft's (78) origfual study

vfiich apparently shorn¡ed tlrat fol1oi^ring occluËion of the r'tnrbilical cord

the rise i.:n ¡xessure precedecl tlre onset of respiration. Sj¡roe chenrical

changes also si¡nrltaneously occr::n:ed, thie e><act role of the rise i:: blood

pressure has to be delineated. Barcroft (1) assigned to ttr-is factor at

rnost only a mi¡ror role. He nade obsen¡atj-ons of ínstances of initiation
of bneath in the abser¡ce of hlzpertension. Pt¡n¡es (63) shov¡ed increased

afferent i-rçulses from baroreceptors following cond conpression ard

suggestæd that changes j¡r blood pressure míçtht in this nuûmer contrjjcute

to the flood of sensory iapulses ttnt su:ror-md and activate the nedulla¿az

respiratory neurons at birbh.

Recently, hor^æver, Ihrned arul co-r'¡orkers (79) perfi.rsed the carotid

sinus region of term fetal lanbs at hiqh pressates and did. not, obssr¡e

any respiratory res¡nnse. I.frrecnzer, in adr:lts an i¡æease in pressure

in the carotid si¡:us regions decreases ventilation; comzersely, a
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decrease in pressure causes hy¡rerynea (37). Furtlrernrcre, tJ:e rise ín
pressure follovrjng cord occlusion is only transient ard soon folloi^¡ed

þ a retr:rn to rrorrnal.

Ttrus, it is renarkable to note that in tlre absence of conclusive

futa, tlre pronpt rise in blood pressure follcn^dng crcrd occlusion has

continued. to be nentioned in recerrt ,*iUirrg" on tlre sr:bject of the fj-rst
breath as one of cardinal irçortance (5). Ttre influence on the fj_rst
breath of tlre changes:;in pressure has not been q¿stematically stpdíed.

Studies desiqned to produce círculatory alterations similar to those

taliing place follovring occlusion of tlre cord but under norrnal fetal
oxygenaLlon arxl acid-base state are required.

C. The fjrst breath is a response to asph)¿<ia

Ttre evidence for dr¡nsbional clrenxrreflex and baroreflex neclranisirs

during fetal life has already been díscussed.. It has been pointed out

that reaction to sensorìf sti¡n:laLion such as cooling alone, v¡hÌbh does

not diStr.lrb the normal fetal arterial gas tensions and pH, can i¡ritiate
bneathing. I{ovever, it is not in'plied j¡t rny way that ttre chernical

changes in the blood at the ti¡re of bjJth are not irnportant. Indeed,

the ncst far¡ored hlpottresis states tlrat the first b¡:eath is a reaction

to aspþa<ia at the tj:ne of birth. The term asphlxia is neant to enconpass

the triad of hlpoxemia, hlpercapnia ard acid.emia l^¡hich occtlr follorvJ¡g

cessation of placental gas exchãnge.

fn tlre o<peninental anj¡naIs, tlre inaugiuration of reryi-ration is
definitely ushered in by cord. occlusion vd:ich is jni¡aríably associated

vclth asphlxia in ddition to changes in brood pressure. This phenonenon

has long been kncn¡: to ÞIi¡rdle (8), Barcroft (1) , Dawes (Z), Harned (9)
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ar¡1 ltrrv¡att (10) and their c.,o1laborators. It is curious to note ttrejr

obsen¡ations that undistr:rbecl fetrrses at term (r¡¡lth j¡rtact r¡rücilica1

cjrsulation) verlt seldom nnjce anlz respirato4r effort and usua.lly do not

res¡nrd. er¡er¡ to vigorous tactile stj¡rn¡lation. Reasons have already been

given for cr¡nsidering the possible role of fluctuations in systenic

blood Plessure ard of cord occlt¡sion per se. I¡llrether the striking and

consístent effect of cord clanping in chernically ínitíating breatrring

results from h1çoxlc, acídic or hlzpercapn[i,'.sti¡ulation of t]re cheno-

recreptorsr hypercapnic sti¡rulation of the respiratory center, or from

sone conbinatlon of þacoxemia, hlzpercapnia and acidemia'is not yet

settled..

Previous r,.nrks in fetal an:i¡nals involved ttre irduction of fetal
h1Gp'xemia and hlpercapnia tlrrough tkre adnri:dstration of gas nixtr:res ùo

the nicthers br¡t the results are conflicting. Barcroft and colleagtres

(25) administered high Co2 r'nixtures to pregnrant sheep but obtained no

fetal respiratory novernents. fheir sheep, horniever, v/ere anesttretized

with uretlnne and the possibility of respiratory center depression þz

ùhj-s anesthetic rnrst be considered. Trl facE,, Barøoft and. Krane-r (80)

later sltCnved that u:¡ettrane could, i:'rdeed, depress tlre cenËer. In contrast

to Barcroftrs obsen¡ations, snlzder and Rosenfeld. (57) were abte to

denpnstrate t¡ìat tuigh C02 adnLinistered. to oregnanÈ rabbits could elicit
fetal respiratory novenænts in one-tlrjrd. (B/24) of tlréir ani¡naIs. I¡Íindle

(8) studied tlre problem jn cats. Sone fetal cats were delivered keeping

the placental circulatj-on intact ard others \,rere obsenzed thrcnrgh the

upopenecl uterus. Gas mixbr:res æntaining 8-10å coz ín 02 given to tlre
npthers ínvariably initiatsd respiration. I.{oreoven, 5-10å oz in N2

29



30

gas miJÉure also j¡duced bneathing. ttre latter obsen¡ation was in
agreenent w'ith ttrose of Barcroft and crc-+rorkers (25) whc shcx¡red a similar
reE)onse j-:: gri¡ea pigs eçosed to O2-poor atnrosphere bl¡t in cr¡nflict l.riür

tlnse of Snlder ard Rosenfeld. (57) $rtjo obsen¡ed ttrat ano><em:ia failed to
elicit fet¡.l respiration.

The foregoing obsenrations rvere without direct fetal blood gas

nEasurenÞnts. Alttrough ttre occtrrence of fetal hypercapnia or hlpoxemia

vrhen rnott¡ers respectively breatired C02-enriched. or O2-poor gas mi:ctrre

was qcr:]íectly assuned, neittren tlre degree of changre or the resg:ective

crcncu¡rent alteration in fetal arterial PO2 of PCO2 was given due con-

síderation. Recently, Itarned. ard his colleagnre (81) strrd.iecl the effect
of varlzing the naternal gas environnent on the gaseous conpositíon of ttre
fetal btood ard relatæd tlre changes in üre ratter to the onset of
breatlring jrn fetal larnbs. Ttrey shoraed that 6 .5% CÐ2 jrr a-ir adrninistered

to the notlrers caused hlperzentilation ancL an i¡crease in arterial poZ

so that the fetal arteriar po2 rose passively as the pco2 inc:reased.

Thus, v¡lren tlre fetal arterial PCO2 in*eased. to a mean value of 52.9 nnn

Hg (naxi:iurn was 63 * ug) , trÞ po2 al-so j:rcreased to an average of. 2s.4

nrn Hg. Thene T¡/as no fetal respiratory response. Ãdrninistration of
L}Z 02 j¡ NZ also caused naternal hyporrentilation and resulted j:: a
crcnsunîent fall in nnternal and fetal arterj-aI PO2.ard PC02. Ttre fetal
artenial PO2 decreased to a llpan value of 11.6 nrn FIg (lor,,¡est was 6.6 nrn

Hg) and the P@2 also decrceased to a nÞan of 37.0 nrn Hg. Again, no gaq)

was obsenred in the fetus. Could this nean that ttre stirmlating effect

of hypercapnia \^ras nraSked by the acconpanying increase i¡r Foz and the

stjrru:lating effect of hlzpo:<emía was n'nsked by the crcncornitant drop in
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in PCo2? rn ner,"¡born lambs, Biscoe and Rlr¡es (30) have shov¡n that

hlpoxia ¡ntentiated tlre effect of hlzpercapnia in augnenting ventilation

and Ulat, higher cr¡ncentration of o>q¡gen than not:ral decreased respiration.

Thus, tlre cordítions under vfiich lrarned and h-is cci-+¡orkers (af¡ str-rdied.

tlre separate effesb of h1çercapnia ard hlzpo><ernia upon the j¡¡itiation of
breathing j¡l the fetal lamb were ttre least favorahle to obsen¡e a

positive effect,. I't)reover, tlrese oÏ¡sen¡ations rnclersoore tÍre i:ryortance

of nuj'*ing dj-rect arxl sinultaneous ñêastrrsrÞnts of arteriãl PO2 and pCO2

when strrdying their i:rfluence on the onset of ttre first breath.

D. The first breath is a result of a combir:ation of phlzsical and chemical

sti¡uIi

Reasons have already been given for consiclering the indívidual

part played þ' physical and chemical stj:nuli upon tlre onset of the fjrst
breatlr. Sj:raé tlrese sL-i¡u1i might interact to produce tJre res¡nnse, one

obr¡ious situatíon to investigate is the conbi.::ed j¡rfluence upon ttre

initiation of breatt*i:rg of ctranges in blood pressure ard gas tensions

lvh:ich acærrpany cord occlusion.

It Ís knolül j¡r the adult th,at not only the chemical corq>osition

of the blood ¡:erfusi::g the penipheral chenoreeeptors but also the blood

presstrre in these regions affect thejr discharge (82,83). Cern¿nd.t, and.

co-t¡.¡crkers (82) reported that, the discharge fell when tJ:e blood pressure

v¡as raised þr large doses of adrenaline. Corversely, Landgren ard

Neil (83) shorræd a nassive increase in discharge after henronchage.

Recently, I'ee' I{ayou and. Tlorcance (84) denrcnstrated ttrat in adult cats

tlre rate of disclnrEe of aortic body clremoneceptors :ín res¡:onse to
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h1çoxía ças jnversely related. to the prevailing blood- pres$1¡e v.¡¡en tlris
pressure r.¡as altered nechanically cnrer a wide Irange. Ibreover, it is
well established in tlre adult th,at clranges in blood pressure reflexly
affecÈ ventilation. Ttrus, strong argunents exist for ænsidering an

interaction betr.^¡een chemical ctranges and altenations i¡r blood pressure

in ttre i-:ritiation of breatluing.

E. srxflmrl¡ 
i.:,,i,

TlIe weight of en¡idence favors the viev,' that tlre fetus in utero does i,"..,
not perform rhYthmic respiratory rfi)venents until such tine as it is
sti¡rn¡latæd to breatlre at tlre ti¡e of birth. T,{trether the norrnal fetal
apnea is due to jJrllibition of tåe respiratory center from sone higher 

l

centers or due to insuffícient traffic of peripheral sensory i:rpulses

into the nedulla4z respiratory neurons is not clearllz kt:rovrn. Asphlncia 
iát partr:rition triggers ttre fjrst breatlr h.rt the i¡rdividual contrijrutÍon l

of each chemical change has yet to be dífferentia-ted.. Tt is further
knor¡zn tt¡at certain sensory stjluli such as cold alone car¡ i¡itiate
breathing jn the presence of norrnal fetal arterial gas tensions and pH. 

¡._¡r,;,,''.
i.-r ir-

Irxleed, bothr physical arrd chemical sti¡¡lli appear to play a :ole i:: the ,:,rl
i¡ritiation of tl:is sucial event. Treleologically, it seems ruise to as=.uÞ :':":':'

that Natr.re r,çould not rely upon a sÍngle nechanism for ttris vital event.

Ttre precise i:rportance of each factor requires investigation. For exang:le, 
r::i,,-j.::;

tlre evidence fon ttre ¡nrt played by such sensory stinnrli as changes in 
i.'1,.;-.1

blood pressure has not been ænclusive. It thus becones of jnterest

to i::r¡estigate not only tJre r¡elative e of each chemical factor
h¡t also the influence of fluctr¡ations in blood pressure, alone or
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joíntly' js¡ ttre onset of the first breath. These problerns prcxride tlre

basis of the present investiç¡ation ttre results of r¡{:ich and their
interpretatlons form part II (Þçerinental Study) of th_is thesis.

t:

l;:::'.:'1':
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PARI II. Ð(PERIMBüIAL SfUDY: TNITIATION OF RESPIRAIïCN

þpraisal of tlre Role of Systenúc Ärterial ¡rþan kessure

Relative €ontribution of eLranges in Arterial C;as Tensions
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PART TT

Ï}IJTTATTON oF FESP]R¡ITTOI{: APPRATSAI oF ÍT{E mI,E

OF ARIERIAL BT.OOD PRESSURE AI\D G,S 1ENSIONS

The precise nechanism ttrat triggers ttre first breath has renraj¡ed

u:rsettled- fhe preoeding reviern¡ of tl¡e literatr¡re has illustrated that
ser¡eral factors are i¡n¡o1rred in the genesis of t}r-is snrcial event at ttre
ti¡re of birbh. The cr::rer¡t oçerirrents, in tr,o phases, ri,re¡îe r.urdertal<en

in orrder to assess the role of arterial blood- pressure and the relation-
ship betr,'rcen arterial PO2 ancl. POO2 at the ti¡re of tlre first bneath.

Phase one of tlre i:s¡estigation delineates tlre inflrrenæ of ctra¡gres in
fetal blood pressure. The manuscript is now in press in nesfri_ration

Physiologl¡ and is essentially reproduoed below. phase T\^lçr Òf the stgdy

er¡aluates the relatir¡e æntri-bution of clranges in fetal arterial gas

ter¡sions and !q111 be presented. in a se¡nrate section.

r. PIil'SE CNE: APPRAISAL OF S}IE ROI,E OF SySTEMTC AI{TERI¡\I BICOD PRESSURE

A. INTMn]CTION

Ïnitiation of respiration inrrariably oæurs followjng occlusion of
the unbilical corrd (LJ r9rg'I0). Ttre accoirg:anying hlzpo><emía, hypercapnia

and acidsnia harre been faru¡red as the key stÍnuli (LrSrTiBrg). On the

other hând' Dawes (7) has denonstrated the initiation of regular liquid
breath:ing i¡ matrr::e fetal lanrbs þr æolirg with no significarrt change

in arterial pH and gas te¡rsíons. Both nwroer¡rres -- occlusion of the

cord ard application of cold -- caused a transient rise j¡r systemic

r : 'r: _i' j ::1 .::
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blood pressure. As yet, ttre relative oontribution of changes in systemic

arterial blood pressure has not been satisfactorily eh¡cidated. I{rafka

(76) postuúated tlrat ttre innBdiate rise in pressure v*rich accorçanies

cord occlusíon at birt¡t was of cnreial. Ínportanæ. I¡:ì. æntrast, observa-

tions þ Barcroft (1) suggested. that, ttre rise jrr blood pressure had only

a minor role. Str¡díes j¡r adult anirnals, trowwer, have shoun ttrat an

increase in systernic artenial pressure i¡hibits breathing and a deeease

in pressure stj¡n-¡lates respÍration (37185). Ilr orden to delineate the

influence of changes in systemic arterial nean pressure on the i.¡ritiation

of breathíng i¡ fetar sheep, this phirse of the strrdy r.ras design:ed to
produce cirollatory al-terations similar to ttrose takÍng place follcwing

occlusion of tlre coÈd but under norrml fetal o>qzgenation arxi acid-base

state.

B. MHTTIODS

Fourteen near-term lambs (gestatior¡al age r35 to 145 days),

weighing 2.3 to 4.6 kg ard neasurÍng 46 to 54 cm, rrze!:e octeriorized by

Caesarean sectlon fronr 11 pregrnnt er¡les anestlretized with intrar¡er¡ous

pentobarbital, 20 to 25 nq/kg body r,úeight. sr4plerental doses of pento-

barbital , 2 6 3 rtg¡ko,, uere giræn to t}te er¡,es as reçrired dr:rjng ttre

eqnriment. Ttte evTe lvas placed on her right, side and vras Enntaneously

breathing a mixür:re of o4ygen-enriclred aj¡.
Innediatelynafter delirrerlz, tlre fetâtr nose Ì/\ias cap@ ruittr a

rubber condcrn filled with wa::rn saline. Care r^¡as taken to arzoid undue

traction of tJle r¡nbilical ærd and it was ær¡ered with a few layers of

saline-r,uet gauze. Thre feürs v¡as oor¡ered with a heating blarket to nìaintain

i..

l:: ì* +:l



ttre rectal tor-æerature betr¡een 38.59 and 40oc. A tractreostoûv hTas per-

forrned arxl a clarçed canrrula filled røith warm sa1íne rn¡as inserted into
the trachea. TLre ca¡.rru1a r/\,as connected to a volure plethysrmgraph

ænsistÍng of a 3O-liter capacíty bottle containjng 2 to 3 liters of
saline and ttre clanp was then renor¡ed fron tåe canrrula (10). this
prooedure prerzented arry loss of pulnonarlz f1uid. The height of the fluid
in the plethysnograph was adjusted to prevent flow of liquid to or frcm

the }:ngs unless breathing occr.ured. Liquid breaürrit:g bv tåe fetqs

caused a decrease in pressr¡re in the pletþrsnograph sensed by a dif-
ferential pressure transducer (Statham Mrcdel pM 5) attaclred to tJre air
spac€ above the ligtt-id and reoorded on an Electronics for lvled.ici-ne

reoorder. Voh.rne calibration was done at a frequency of 5 to 10 cycles

¡:er minute using a slringe attached to ttre pletlrysrnograph. Renor¡al of
10 ml of salj¡re causd less than 0.5 qn of water faIl j¡r pressure so

that the fêtus eryerienced. no si-garificant elastic pressure change

during inspíratíon.

Heparin, lO nq/kg body r,reight,, tr{as adrninistered intrarrcnously

to all larnbs. Both ferpral arteries r,¡ere cannulated, one for conti¡mous

reærd.ing of tlre nean j¡rtra-arterial pressure (using a Statham transducer,

ItÍcdel P23 Db) and ttre other for v¡ithdrav¡al of blood sanples. Blood

sanples were obÈai¡red iluredíately prior to any procedtue and. thereaften

at inten¡aIs of 30 secords and at the onset of gasp. fn the absence of
a gasp response, blood saçling was contj¡rued for 3 to 5 minutes. All
sanples were i¡nnediately analysed for pH, Ð2r W2 using a Rad.ione@r

mic:¡o-electrode system. Ttre tenperatr:re of ttre system was kept r¡¡itfLin

O.5oC of tlre fetal rectal teÍperatrrre. Calibration of tlre system vras

36
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done daily using buffer solutions of lq:Icr¡¡n pH and gases of kncn¿n ccnçnsition.

ftre influence of ctranges in systemic arterial rrÞan pressure on the

initiation of respÍ:raLion was strdied r:nder tr,^¡o oonditions: 1) Alterations

in systenuic arterial nean pressure w-ith simrrltaneous changes i¡ arterial
gas tensions and pH. Ttris aordition was j¡duced by one of tl:e fo[cmi:ing

procedures: occlusion of tlre j¡¡tra-abdomi¡r,al r¡rbi1ical','vei¡rr ocelusion

of bottt intra-abdorninal umbilícal arteries, occlusion of ttre v¡?rote cord.

or occlusion of the maternal abdomj¡al aorta. 2) Alterations in

systemic arterial nÞan pressu::e witlrout accrcnpanyirrg sigrrificant ctrange

in arEerial gas tensions ard pH. Ttris cordition was induæd by the

following procedr:resË rapid r^¡ithdrawal of blood (50-60 ml) from the

fenoral arterl¡, rapid. jnfusion of niaternal r¡enous blood (50-60 m1),

intra-arteial infusion of norepinephrine (0.2 + 0.3 ng irr 10 ml of

saline), or occlusion of only one j¡ltra-abdominal trnbilical arteqz.

Vühen nore than one proaedtrre was tested i¡¡ the sane fetrrs, a

mj.:nirnun of 15 minutes were allov¡ed between tåe p:rooedures for the

arterial gas tensions anrt pH and q¡stemic arterial pressure to retr¡rn

to near-baseline rah:es. There væts no significant variation between the

i:ritial and the subsequent baseU¡re values for arterial gas tensions, pH

and q¡stenic nnan pressr:re drring tlre course of the oçerinent. A

particular prooedure was terminabed. following ttre onset of breathing.

!üren no ventilatory response was obsen¡ed follo$ring a prcædure, the

obsen¡ation of pressure changre was æntinued for 3 to 5 mi¡rutes.

Statistical analyses (t-test and test for oorrelation beü,reen

tr,'¡c variables) wene perforned and tlre relationship betvneen variables

detennined at the 5? level of significancê.



c. msuLTS

1. Alteratigns in Sizstendc Arterial l,Íean Pressure r,¡ith Si¡:ultaneor:s

Changes in Artærial C;as Tensions and pH

On 18 occasions i¡r 11 fetal lambs the placental gas exctrange

\À¡as severely cenp::omised þz one of the followÍ:ng procedures: occlusion

of the intra-abdominal vei¡r in 6 i¡stances, of both intra-abdominal

unl¡ilical arteries j:r 5, of the vfiole ærrd in 4 and of ure maternal

abdcErÈnal aorta in 3. T:: all i-nstances the fetrrs gasped \^ritldn 1 to 3

mi¡utes fronr the onset of tlre procedr:re w-ittr a rean ti¡re of I m:i-:nute and

45 seoonds. The resp5ratory movenents consisted of 3 to 6 respiratory

efforts ¡:er rninute w"ittr an average tidal r¡olune of 5 ml. Ítre blood gas

tensions arrd pH at the tj¡e of the first gasp viere similar jn the for¡r

nethods used to indr¡æ respiration (Tabre r, Fig. r). The nean (t s.E.)

arterial Ð2, W2 and pH at tlre ti¡re of tlre first breath fron all pro-

cedr-rres (9.3 t 0.63 rsn Hg, 68.L ! 2.34 ncn Hg, anl 2.13 t 0.02 units,

respectirzely) arn the average control r¡alues (26.8 t 1.57 nrn Hg, 51.5 t
2.28 twn Hg and 7.22 ! 0.01 tffritsrrespectivefy) obtaineA irnediately prior

to the prccedures are strcn^¡n in Table IT.

Ttre trnttern of change in systemi-c arterial rean pressure prior to
the onset of gasp was r¡ariable with the greatest change forlowing

occrusion of ttre r:nhilícal artenies (Fig. 2). Ttre change i:: blood

pressure was analysed iJr three v,rays:

a. Tlre pressure at ttre tine of gaEl w"ittr ttre control rralue. Íhe rrean

pressure decreased in tl'Ð jnstances, 5n*eased in 10 instances ard was

essentially equal to the æntrol on 6 occasions, (less than 5? clranqre

ir1 i ,i.-. -
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TABLE I

FEORAL ARIRTAL GAS TEE{SIONS AND pH Är rHE TIME OF IN1TIp3ICD{ OF BREATTil}G
FOLTO!{TNG TNTERRTIPTTON OF PTJACM\TTAL GAS Ð(C NGE AT IOUR DTEFERET+I SÏTES

39

Site of Vascular
Occlusion

Nurnber of
Obsen¡ations

POr PCO.r
(nñ Hg¡ (*r'ug) pH

Vlhole mrbilical corrd.

ünlcilical rrcin

ûnlcilical arteries

Mat€rnal abdominal
aorta

]-:0.2*
(6-ts¡ **

9.3
(5-14)

8.9
(7-13)

8.7
(6-11)

68.2
(s2-83)

69.2
(se-81)

64.4
(55-74',)

71.7
(s6-87)

7.08
(7 .02-7 .L5)

'7.L6
(7.08-7.251

7.L3
(7.0t-7 .23'.)

7.IL
(7.04-7 .23)

I-ii i -

:

,:.:'.:

5

* I4ean
** Range

..- 1,,.

i::.: j.
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f igure 1. Corçarison of the arterial gas tensions and pH
at ttre onset of gasp i::duced þr either occlusion
of the r¡rücilical vein, both r:rnbilical artenies,
whole r¡nbilical cord or the rnaternal abdomi-na1
aorta.
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FEI,I]RAL ARTERTAL GAS MÍSTO}üS
B. AT THE TÏME OF @,SP AI{D C.

TABT,E ÏÏ

AÀ1D ÞH DURING \ARICIJS CCNDITIO{S: 4...CONIROL,
FOLTOVITNG PROCEDI.]RES NOII ASSOCTAS6"T^TTÏH CåSP

Cordítlons lfiml¡en of
Obsen¡atíons

Poe
(nñ Hq¡

PCo2
(rmn Hg¡

pH

nð

B

c

18

18

15

26.9t1.6*

9.3t0.6

25.311.0

51.5t2.3

68.1+2.3

44.4t2.6

7 .22!0.0L

7.1310.02

7 .25!0.0L

* l4ean t Stardard Error
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Figrr:re 2. Pattern of ctrange Ín systernic artèrial ITEan pressr:re prior to
ttre onset of gasp irxluced tV the for:r procedures plotted'
agaÌnst the tj¡re f¡com the onset of ttre procedure (closed cjrcles)
to tlre pojnt of gasp (open circles)

UMBILICAL VEIN

UMBILICAL ARTERIES

UMBILICAL CORD

MATERNAL AORTA
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from control). TLre range of blood pressure clnnge was fron -202 ta +95?.

Vihether the nean blood pressure rvas: higher, lor,uer or equal to contol

values, the arberial gas tensions and pH at tlre ti¡re of gaE) þære similar

(Fig. 3). Fïrtlrenrore, there r,{as no cor::elation betr,æen the absolute

ne¿n blood pressure at the ti¡re of gasp arrd the arterial gas tensions

and pH (Fig. 4).

b. TLre dj-rection of chanqe i¡ systernic nean pressr.rre during the first
30 seaords followjnq the procedr¡re. Ttris was ctrassified as either

deæeasi.:ng, stationarlz or increasjng (Fig . 2). Tlre pressure changes

ranged from -10.5? to +618 of tlre control.

c. Tkre pattern of pressure ct¡ange dr:rj¡rg ttre fi:ral 30 seconds i¡nrediatell'

precedi¡rg ttre gaE¡. Similarly, ttris was classified as either decreasjng,

stationary, or inæeasing (Fig. 2) . Tkre changes in piessure from ttre

preceding 30 seconds to the poi¡t of gasp ranged from -203 to +13?.

Whether tlre ¡nttern of pressure change considered was dr:ring the first
or final 30 secords, blood gas tensions and pFI at tlre tj¡re of ttre gasp

were si¡nilar in instances of decreashg, stationarlz or ínæeasing

pressure (Fig. 5). Flrthe¡ÍÞre, usjng the 3 nethods of analysing ttre

change ín blood pres$rre, tlrere r^ras no relaLionship between tlre q¡stemic

fiean pressure and the tj¡re delay frcm the onset of the p:rocedure to ttre

ti¡re of gasp. (Fig. 2 & 6).

2. Altenations j-n S)¡stenric Arterial lilean Pressrre without Significant

Changre ín Ãrt€rial Gas Tensions ard pH

Ituls cordition was sttrdied on 15 occasions on 6 fet¿1 larnbs (Fig. 7).

Blood pressure was decreased þr rq>id rrrithdrawal of blood on 5 occasions
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and by occlusion of ttre intra-abdcmi¡al portíon of one unilcilical artery

in 2 instanaes. TLre nraximr¡n deæease in pressure ranged from 11 to.50%.

On I occasions ttre systemic ÍÞan pres$rre was raised above the cont¡:o1

vaj.,¡e þz infusion cif norepinephrjne (3 instances) and þ ínfr:síon of

naternal venou.s blood (5 instances). The nræ<irinra i-næease in pressu¡e

rarrged betr¡reen L2 arñ, 522. AltTough the obsen¡ation for pressure change

was aontj:rued for 3 to 5 mi¡utes no ventilatory response hTas seen in any

of the fetal lanbs. Maniprrlation of the systemíc IIEan pressure by these

rnetlrods did not sig:rificarrtly alter the blood gas tensions and. pH- TtIe

nean (ù s.E.) PO2, P@2 and pH were 25.3 t 1'.02 ntn Ê19, 44.4 ! 2.64 rnnHg,

and 7.25 t C.01 r:::its, respectively (Table II, Fig. B).

D. DTSCUSSTON

Ttrese experinents d-enonstrate that conplete internption of

ttre placentaf circulation r:niformly initiated gasp j¡ the fetal lambs '
arrd are consistent with the obsen¡ation of Barcroft (1), Dawes (7) ,

trü¡rd1e (8), Irarned (9) and tlcr.^¡att (10) and their æ-r,;orkers. To internrpt

the placerrtal gas exchange, eittrer tlre v¡hole r¡rücilical cord, both

rrr[cilical arteries, the rrcbilical vei¡ or ttre maternal abdominal aorta was

occ¡råed. Ttre j¡ritiation of gasp with eactr of tåese procedure indicates

that, ttre site of intern4>tion of placental flotø, vùrettrer fetal or maternal,

is r¡ot a deternr-inairt factor. Imzariably, hlzpo><emia, hlzpercapnia and

acideraia acærçanied the onset of breattring. TLie level of arterial gas

Èensions and pH rrrere sj¡nilar to previously reporEed values, witJr the Po2

less than 15 nrn of I{g irr atl jnstances (9 
'10)=..

Sj¡u:ltaneogsly, variable changes ín q¡stecric arterial mean pressure
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occur:]red. Rencn¡al of thre low-resistance vascular bed of ttre placenta

causes an increase Ín systemic vascular resístanoe (8e ¡. The i¡nred.iate

rise i¡r systernic arberial nÞan pressure v*rich r,¡e olcsen¡ed particularly
following occlusíon of both rmrbilical arteries might be oplained on 6ris¿

basis- Accr¡rnrlation of fetal blood in ttre placenta with reduction in fetal
blood volure, as r,tould be e>çected following occlusion of the r:nrbilical

vein, oould erylain the isrediate fall in q¡stemic arterial pressure seen

in two instances røith the latter procedure. Fr¡wever, the pattern of
blood pressure change particrrlarly following cord occlusion was npre

r¡ariable and a rnore corçlex ecplanation is required. Ttre ctrange in
direction of ductus blocxt flow to left-to-right could explain an initial-
falI i¡l pressure. Hypoxemia produces a transient rise in systemic blood

pressure follov¡ed þr hlpotension ín net¡born puppies ard nonkeys (g7 r8g) .

Recently, Stalrlnran, et a1 (89) shov¡ed that hlpocemia and hlpercapnia

lcn¡ened systenic vascular resistance in ner¡born Iarbs. A oonplex ínter-
action betl^;een these factors could provicle an eçlanation for tlre
variable blood pressure patterns seen r,vith all the procedures from thejr
onset to the i¡duction of respiraLion.

could simílar ctranges in blood pressure alone initiate respiration?

Tn the presence of normal- fetal blood gas tensions a deeease or inæease

in q¿stemic artærial ñÞan pressure d.id. not evoke a gasp response in any

of the fetal lambs, altlrcugür the pressure ctrangres were sjmilar i¡r
nagnitude to those obsen¡ed during the j¡itiation of bneatkring. The

anjrrn-ls were viable since they gaçed on subsequent cord occlusion. T¡rese

observations i¡dicate th,at marked changes in systernic nean pressure per

se cannot initiate lrreathÍng in fetal sheep.

,: _ ¿ 
---:-j:-:: 

-ù- -, r_r j_ : : 
-¡_¡ :.:l ì;::-.,-1.:!- :i:j

tr1
JJ.

l:,::,,'.

l



lira¿JY:

52

I:deed, it appears that chsrlical changes are t¡e prinæ-stÍrnrli

for the in:itiation of the first breath. Æ ]Ft, the relative irçortance

of eacl: chemie¿.l sti¡mIús and tlreir interaction and locus of action

renain r¡rsettled. Ttre carotid chen"oreceptors har¡e been shown to play an

fuçortant role in thre onset of req>iration (70¡. r¡r vj-ew of tl'r-is, the

dennnsEations i.in adult ani¡als þ Cernandt, LïLjestrand arrd Zotterman

(82) , Landgaren a¡d Neil (83) arrd nicre recently by Lee, l4aiou and Ttorrance

(84) of an inr¡erse relationshíp betr^æen tlre prevailing systendc blood

pressure and tlre penipheral chenoreceptor discharge in response to

hlzpoxia suggested a ¡rcss5Jcle secorularlz j¡fluence of alterations i:r blood

pressure. To tæst this ¡nssibility, ttre changes in blood pressure $¡ere

analyzed in tt¡ree vrays ard. were related to tlre ler¡e1 of blood gas tensions

and pH at the onset of gasp ard. also to tlre tÌrre delay from tlre onset of

a procedure to the initíation of reqronse. Tú:ether the pressu:re changre

qcnsidened rrras the initlal corçared to the fi:ral, tlre tre¡rd dr:rfurg ttre

first 30 seaonds or the 30 secords i¡rurediåtety precedirrg the gaspr no

relatíonship betÌ,rleen ttre chemical changes and tlre q¡stemic arterial rean

pressure lvas seen. Similarly, tlre ti¡re ccr:rse from a procedure to response

was::i¡dependeht of tlre blood pressure change by the three nethods of

analysis. These results indicate ttrat changes in systerLic arterial nean

pressure cannot, per se, initiate respiration ard do not influence ttre

chemical stjruli to tlre onset, of breathri::g i¡r fetal sheep.

Ítre influence of pentobarbital iJr the present eryerinents ¡rn:st l¡e

oonsidered. C;eneral anesthesia of the nother is ]cr¡crv¡r to delay tåe onset,

of rhythndc breathing. It is possible ttrat pentobarbital anestlresia rnay

rnaslc ar¡ influence of ttre q¿stemic blood pressure on the initiation of

i::
i::

il illi::ìi: j:. :
l- i.i:.:-:-.:alll:;:



of respiration. I-Icx.rê\êrr dr:ring the present ery>erj:rents baroreceptor

activiQz was defi¡r:itely present i-n tlre fetal laml:s si.::ce an i¡reease in

blood pressure tvas associated 1,,'ith a bradycardia and a deæease in blood

pressure withr a tachycarråia. Ttris presen¡ation of baroreaeptor aclivitlz

suggests tllat the present firrding of a lack of j¡rfluence of ttre systernic

n€an pressure on the jnitiation of respiration is valid_.

IÏ. PIfrSE T?Ð: RÐ,ATIVE OOI\TPJBUIION CF CÎßN@S TN ¡\RIBIAL GAS TENSIONS

A. n.TRODIJCTTON

Phase One of tLre strrdy confirned. and exbended e¿rlier obsen¡ations

that intern:ption of placental gas exchange ínvaríably initiated

respiration (1 ,7 t8,9,10) . The ler¡els of fetal hlzpercapnia, h1z¡ro:<emia

a¡d acidemia at tlre tj¡se of ttre first gaq) b¡ere independent of tl:e site

of internrption. T:r tlre presence of normal fetal blood gas tensions and

pII, respiration \¡,as not initiated despite the large changes i:: blood

presstrre and the extensir¡e o¡:eratirre nanipulations during ttre preparation

of ttre speci:ren. Tlrese obsen¡ations sr4Ðort ttre viern¡ that aq.ohlncia is tlre

pri:nary stinulus for tlre initiation of l¡reathing (L,7 19) .

TLre relative contribution of changes in arterial gas tension to

tlre onset of breattri-::g ha¡¡e not been defined. tsarned et al (81) harre

shot,n that neíther fetal hlpercapnia nor hlzpoxemia alone of nnderate

degree elicited gasp in tlre sheep fetus. Although irduced separately,

tlre conclitions of theír *çerirrents r^€re such ttnt arterial PO2 and PClo2

changed i¡r the sane direstion v¿ithin a nan:îoÌ¡r range ard were not

precisely controlled. Ttre present phase of tlre strrdy rvas undertaken

53
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j¡r order to nrcne closely define the relationstlip between p¿O2 and pug}Z

at the tirre of the first breath.

B. METH@S

Fourteen near-term pregnrant e$,es \¡zere used.. The ewes were

anestlretized ard the fetal Ia¡irt¡s e*eríorized. as desæij¡ed. in detail in
Phase One. Care of ttre fetr¡s after exteriorizaLion, sarçl5ng of blood

for determinalion of arterial gas tensions and pH, and. record.ings of
fetal blood pressure ard respiratory response \¡Jere as described in phase

One.

Ne\^rcorn lambs, one to tr,-¡c weeks of age, \¡,ere anesttrelized vrith

pentobarbital, 10 ng/kg body vaeight intraperitoneally arxl a tracheostcnçr

perforned. Tlre tracheostomy cannr:la was connected to a lra:r¡ard respirator
(Iacder 607) and the inspired gas adjusted as desired \^rith úe use of

specially prepared gas cylinders wtrich supplied a resera/oir bag attached

to t}le inflow value of tlre respirator. ConposiLion of tlre gas mixLures

was analyzd bY the Scholarrder nethod. I¡r contrast to the euies, tJre

nevrfuorn did not as a ¡rule requìre supplenental doses of pentobarbital

dr:ring the dr-¡ration of the e4>erirrent.

Ït was essential ttrat changes in fetal arterial gas tensions oould.

be j¡rduced at widery varying and. precise levers. To achieve th-is, the

nevòorn lamb -- henceforth refemed to as dor¡cr -- riias sr:bstihrted for
the placenta as the organ of gas (fig. O¡. pol1vÍnyl cattretens

filled with heparj-:rized saline r,rere used to connect a carotid arte4z of
tt¡e donor to a femcral vein of the fetus ard a fetar fenoral arte4z to

a jugular r¡ein of tlre dornr. A dual-head foller pr:rç j.:rterposed
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between tÏre donoç and the fetal circulations controlled tl:e di¡ection of

flow from the donor artery to tfle fetal vei¡ ard fi¡om tlre fetal arter}z

to ttre dor¡or rreinr¡ at a rate of 250-300 mvlftiJl' Thus, o>q¿genated blood

continued to be srpplied to tlre fetrrs via the inferíor vena caval rettrn

to the heart as in the nornal fetal state. Less o>q¡genated blood j'n the

fetal fencral arterl' $ras sross'cjrculated to the donor for gas e><change'

During øoss-circulation with ttre donor on room air, tJ:e fetal blood gas

tensions and pH crculd be naintairæd at normal fetal levels' and the fetus

rermj¡red apneic for at least 25 nrinutes efven vdren the r¡rbilícal cord

rena:ined occlucled (Fig. 10).

The nev¡l¡orn donor r,¡as artificially verrlilated with room ajr and

end-tidal PC02 was contj:rr:ously rronitored ín an infra-red @2 analyzæ

(codart capnograph). Þcact arterial PC02 was detennined þ direct'

blood sanpling. þr altering alveolar ventilation ard conposition of

ttre inspSred gas of tlre donor ani¡rnl during cvoss-circulation' tTre end-

tidal PC02 could be adjusted to ttre desj-red level j¡r tlre dorpr anirnar

and her¡ce i¡l the fetrrs. For e:<anple, in order to initiate respiration

rvrren arberial PC02 was elevated, the donor was verrtilated with 10? co2

in a-jj ard the errd-tidal Pco2 nonitored. senial blood san6lles r^iere

also tal<en. I{tren Pa6,z $TAS CÑ/er 100 nnr lig it was usrrally necessaÐ/ to

add nitrogen to the resen¡oj-r bag il"I order to lor'¡er fetal P¿O2 to a les¡el

lvhich initiat€d respiration. ÏÏl ordêr to initiate respiration vÈren PtC02

was 1orn7, ttre donon lvas hl,penrerrtÍlated r.¡ittr air until P¿Co2 was at t]re

desired level, lt1hen P"@2 \n¡as less úan 40 nrn Hg it vas nec€ssa4r to

hlperrerrtilate ttre doror usjilg 100? nitrogen in orrler to start respiratory

efforts i¡r the fetr¡s. Blood pressure of both the doror and' the fetrrs v¡ere
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contjJluolls¡ly rnonitored on an oscíllosco¡:e ard rnaintained as closely as

¡nssÍble to baseline trerreIs in onder to prevent a large change in blood

voh¡re in each ani¡rel.

At the türe of tlre first breath, blood was i¡nrediately withdrawn

from a separate fetat feroral arteqz and subsequently analyzú, for ñ2r
PCO2 and pH. Fbllowing tlre onset of gasp, it vras possiJrle to reü¡rn to'
the apneíc fetal state by adjusting blood gases back to normal fetal
levels. This was achier¡ed by æntiauing tlre sross-cjrculation \^rith the

donor breathing room air and adjustíng mÍnute ventilation so that ttre
end-tidal PCo2 retr:rned to nornal ler¡els. Sr-rbsequently, tlre r¡rbilical
cord clanp was released and the cr:oss-cjrcr:laLion sto¡ped. It was there-

fore ¡rcssible to perform nore than orre oçerimerrt on onê fetrrs. Subse-

quenti-¿¡¡¿fysis revealed. no differences in the pattern of ventilatoqf
response between exper5nents in tJre sare fetrrs. Similarly tJre response

was not j¡fluenced by the sequence of blood gas levels used to initiate
respiration

All respiratory responses were analyzed bV oonputing the bnea.th-

by-breath nuinute ventilation, that is, by multiplying tlre inspired

r¡o1tme by ttre freqr:enqz. *re frequenry was calculated as tlre product.

of 60 ard the reciprocal of tlre ûrratioa betr¿reen 2 successirze gasps.

All the first, second and ûd.rd breatlrs were analyzed in ttris manner ard.

tåe effects of arterial gas tensions ard pH v,ere tested. on eacl: hneath.

C. RESTNTS

Duríag cross-circulation wittr ttre donor breatiuing room air, in
tlre absence of r¡i"ûcilica] blood flov¡ for as long as 25 rninutes, Ètre fetal
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arterial gas tensíons and pH remair¡ed near baseli¡re vah:es (Fig. 10).

No gasp was obsen¡ed during this period

D:ring c-ross-circulation r,øithr ttre donor breattring various gases

at vaq¡z5ng a1r¡eoIar ventilationr gasp was j¡duced on 29 occasions in 14

fetal lambs. At the tj¡re of gasp, tlre P¿C02 ranged from 20 to 100 Írn Hg

and tlre prO2 frcnr 2 Eo 20 nrn Hg. Tlrere was a direct linear relationship

bet\,,¡een P¿O2 and PaCÐ2 at the ti¡re of ttre first breath (r = +0.80' F<0.001)

(Fig. 11). At P'CO2 less than 40 nwr Hg, the P¿O2 was always 5 nrn Hg or

less; at p¿C02 level betv^¡eer¡ 40 nrn Hg and 100 ntn Hg, tlre P.O2 ranged from

6 to 16 m Hg; and at P.CO2 ler¡els greater than 100 nrn Hg, the PtO2 was

always abcn¡e 16 rrn Hg.

Ttre positir¡e relationshíp betr,,eerr P.CO2 and P"O2 at the ti¡re of

the first breath was also denonstrated v-?"ithi¡r i¡rdividual ani¡als i¡r whom

it was possiJrle to do nnre than one e>q)eriJrent, (Fig. 12). Furtherrmret

the segr:ence of alterations in Pa@2 did ncÈ, j¡rfluer¡ce this gas tension

relationship.

Dn:ring periods v¡hen the fetus was not being soss-circlrlated v¡itfi

tlre donor anjmal, occlusion of the r¡nlcilical crcrjt invariably inítiated

breat¡-ing on 10 occasions in 9 fetal lambs at leve1s of gas tensions ard

pH similar to that previously obser¡ed during the fjrst phase of the

study. Ítre P¿O2 ranged frcnt 7 to 14 nrn Hg, the PrC02 from 44 to 87 rmn Hg

arrd tlre pltra from 6.70 to 7.17 with rtlean r¡alues (t standard error) of 9-2 !

0.8 nrn Hg, 66.9 ! 4.3 rm Hg and 7.04 ! 0.04r respeetively. A plot of P¿O2

against paCO2 suggested a relationship beü,aeen the degfees of hlpo:<enúa ard

hlpercapnia at tlre ti¡re of gasp but this a¡parent relationship v"as statist-

cally rot highly sign:ificant (p.0.05>0.01) (fig. 13). IJourazer, these values
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Po02= 0.l3 Po cO2 + 0.24

r=+0.80, p<.001
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Figiure 11. Relatior¡ship hetltreen thre arteríal gas tensions at
the tj-ne of gas.o ¡aitiated duríng c::oss-cirsulation.
The slope of tlre regression 1i¡re is highly significant.
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Fi-gure 12. Relationship i¡ 13 j¡dividr:al fetal lanfcs betr^reen tlre
arFerial gas tensions at the tj¡re of gasp obtained
follourJng conl occlusion (a) and dr:ring eoss-circulation
(O). Tne dj-rection of âffor,rs indicates the squence v¡id:

which different paired lq¡els of P.O2 and Prö2 initiated
respiration. Each fetus dennnstrated a ¡nsitive slope
for the relation between the 1q¡els of gas tensions.
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of arterial gas tensions fell along t?re regrression lj¡re derirred from

data obtained during c:ross-ci¡culation (Fig. 14).

Fígrure 15 shows ttrat ttre :relationship between P¿O2 and fHfl at

tfre ü¡re of graÐ was sirnilar to that betr,¡een P.O2 and Pa@2 v¿hetlrer

obt¿rj¡red during cross-circrrlation or cord occlusion. Si¡rce no attenpt

was nade to keq ffi aonstant, it is irrpossible to separate out a

direst effect of P'CO, frcm that of pH.

The sequence of artenial gas tensions and pli obtained from a

single fetus dr:ring cr¡oss-cjrculation and sirçle cord occlusion is shov¡n

in fign:re 16 and illustrates that a threshold r¡alue of blood gases must

be reached. in orrder to i¡ritiate respirati.on. n:rthenrore, it shc¡vis that

the jntsrelation betneen the PrO2 and the PaC02 at tlre tine of gasp

was rcaintained røith^in this i:rdividr:al fetus.

Table III shor,vs the frequenry, tidal r¡olune and breattr-by-breattr

minute r¡entilation of the first, second and ttrird liquid breaths during

the i¡ritial and the subsequent experj:rænts jn ttre sane fetus. In the

initial eçerinents,ttre freguency, tidal r¡ch¡re arrd minute rrentilation

of ttre first breath d.id not differ from that of the secrond and thi.rd-

breaths. I:n tlre subsequerrt experi:rents in the sane fetr:s, the tidal

volrrre and minute r¡entílation of the second and third breaths være

greater úran that of ttre first breatlr (p<0.01)i tlrere \,{as no difference

j.:: tlre frequenqy. The fjrst breath of the i¡ritial ard that of ttre

subsequerrt eqrerinents díffered only in regard to the tidal. voltupe, ttr,at

is, the first breattr of tlre initial e>çerirrørt had gnreater tidat volr¡re

ttran that of the subseguent oçerinent i¡r ttre sane fetu= (p < 0.05) .

TLrcre üras no relationship bet\,¡een the leve1s of arterial eO2 , rcO2
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FiE:re 14. A scatter díagfam wl¡ich shot'irs that tlre ler¡e1s of
arteríal gas tensions obtajned at ttre tj¡re of
.r"='" fof'fówinq'cord occlusion (O) fall alo:rg the
äË"ããf;" fiie of data obtajned at tl:e tj¡ne of
þry a,oing cross-cjrculation (ol. (Pao2 = 0'13
É"coZ + 0.24¡ r = *0.80, P<0.00I).
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Relationship betrveen the arberial hydrogren ion
ooncentration and partial press:re of o>qzgen at
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tr'igure 16. Oiagram show-ing the sequence of changes in
arterial gas tensions and pll prior to (O) ard
at the onset of gasp (S) in an j-ndividual
fetus follcmring cord occlrrsion alone and dr:ring
c:rcss-circulation wiür donor on various gases.
FollowJng the onset of gasp ttre arterial-gas
tensions and pH could be reti¡:¡ed to near
contlol,values arrl a sr:bsequent eqgerjrrent
was then possible. Tn úris exanple 3 e>çeri-
nents were done i¡r tlre sanre fetus o\¡er a peniod
of about 50 mínutes.
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*
**
***
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' ) -lXlE

(1.9-4.2) **'*

J.J
(r.4-6.7)

, 2.8
(L.3-4.2)

jl ij:

2.4 6.2
(0.6-5.3) (1.2-12.5)

3.1 g.B
(0.8-5.3) (3 .8-22.g'.)

2.9 7.L
(0.8-4.s) (2.1-14.0)

$rbsequent Erçerinents

f V'¡
(per min) (mf)

. 3.8
(r.3-10.7)

4.L
(7.6-e.2)

4.2
(1.8-13 .3)

L.4
(0.6-2.8)

2.I
(0.8-4.4)

2.4
(0.8-s.2)
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ii
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Ëi

li
iri
r]
tì

ilri[,
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iÌì
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.Ì¡
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:l ìi
fit
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'- !\r
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V1
(mVmin)

4.6
(1.9-12.1)

7.5
(2.6-17.s)

8.3
(3.s-16.7)

Or\¡
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and. pH at tlre ti¡e of ttre first breath and tLre frequency, tidal voh¡rre

and. minute ventilation of tlre first tlrree breaths dr:ring the initial or

subsequent ocperinents.

D. DTSCUSSION

An obvious limitation of thís study conoerns tlre physioloçric

conditions of ttre oçerinent. Er¡en dr:ring tlre best of erperirrental

conditions, it ís exceedingly difficrút if not actually inpossíble to

e>çose and rnaintain the fetus in a state corparable v¡ittr that in utero.

fnterferenee r,rrithr natural crcnditj-ons t¡ok three forms in tlris study:

1) e>rberiorizaLion of the fetus fucnr the utems , 2) strrgical procedures

during tlre preparation of tlre s¡:ecirren and 3) use of pentobarbital

anestlresia.

The sheep fetus when renpved- frcm the uterus and prevented frcm

breathing nai¡rtains blood gas tensions and pH wittrj-:r their usual range

of nornnl r¡alues for 4 to 5 hours prcxrided the Ln"bilical cord is left
intact. Thus, it has been generally assr,uned that ttre ecteriorized fetus

renêjxs in a nornal physiological state. Ilelznnrur and Rtdolph (90¡

have recently denonstrated that henodlznamic ctranges such as a decrease

in tnrbilical flow ltuty occur Ì,r:ith mj¡rinal- or no alterations ín arterial
pH, Ð2 and PCo2. since concern j:r úe present str.ldy was not v¡ittr

IlEasurelTEnts of flcn¡ but nainly rr.ittr tlre ler¡els of gas tensions r,¡t¡-ich

være determi.ned þr cross-circulation dr.ring the eçei¡rent¿_l pi:ocedures,

ecteriorization does not alæear to be a najor ljmitàtion.

Ttre various surgical proceùrres dr:ri:rg ttre preparation of ttre
specinen conceivably contriJn:te to t¡E flor¿ of sensoq¡ input to ttre



respiratory center. Brrns ând SalrÞiragh-i (62 ß7) have denronstratecl

that peripheral sensory stirruli are i:portant Ín deternri-rLþg.Èhè ,ilei¡e1

of neu:onal aetiviÇ witlrir! tlre respiratory a::ea i¡ the braj.n stem.

Tlreir prcposal regardíng tJre inporEance of sensory input to the neÌ:\rc,us

system at birth has found adlrerents in Averlr (6), Dawes (7) and P.:n¡es

(ø:¡. rt is intenesting, hourever, that despite these sr:rgical nani-
pulations no ventilatorT response vüas seen prcnzided. the arterial gas

tensions and pH rernai¡red. r,rithi¡t nornral- baseü¡re values.

The first phase of the str:dy has shor,¡rr that ttre ler¡els of h1æer-

capnia, hgnxemia and acidemia at the tj:re of ü,re fjrst gasp were

independent of the site of intern:ption of placental gas exchange. The

foregoing obser:¡ations indicate, i::deed, that the chemical ctnnges of
cord occlusíon are the prj-nre sti¡ro.rli for ttre j-:ritiation of the first
breatlr. i@asuren'ent of gas tensions and pH r,vithin ttre cells of tfre
central and peripheral chrermreceptors ís beyond the sæpe õf ttre present

study but neasurenents of arteríal gas tensions and pH ascertain the

degree to \^ñich tltese receptors are i¡rfh:enced bV the chemical changes

in the blood vùrich reaches it;-.
At the tine of gasp induced. by crcrd. ocelusion alone, trre levels

of arterial gas tensions only suggested but did not reveal a clear

correlation betr'æen e.o2 and paoo2. Ttre levels of prco2 ranged frcrn

44 tun Hg to 87 nm Hg. With the aid of a cyoss-circulation teclrrique it
was possÍJole to exEend the range of p"co2 values at the tj¡ne of the

first breath over a nnrch wider range th,an heretofore possi-hle. with

tlre use of th-is technique in thís phase of tlre study the oq:eri¡rents

clearly indicate a corelation betçreen P¿O2 and P"@2 at the tine of ttre
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first breat}l. This positive linear relationship between,-tlre ler¡els of
arterial gas tensions in initiating breathing is not suqcrising since

hYpo><emia and. hlpercapnia are l<¡rcn¡n to augrrent each other,s effect on

ventilation in both the adult (4,g]-,gT) ancl neu¡l¡orn ani¡nls (30035).

Fur$ern"ore, tltis P¿O2-P¿@2 interrelation at tlre tine of gasp provides

an oplanation for tÏre obsen¡atlons of T{arned and. crc-u¡orkers (Bl)

who failecl to elicit gaw irr ttre sheep fetus þz inducing fetal h1çer-

capnia or hlzpoxouia thrrough the erve. AltLrough induced separately,

the conditions of theír experi.nrcnts were srrch tfiat v¡hen the fetal paCO2

was raised to str:cy the effect of hlpercapnia alone, fetal p"o2 was also

raised and vice versa. Tltus, thei¡ qqceri¡rental oorrlitions v¡ere tlrg

least fa¡¡oraJ:le to obsen¡e a positirrc response.

The regression line relating arterial pO2 and pCO2 at the ti¡re

of ttre first breath had a s1o¡:e of 0.13. this sugçests that under tlre

present eryerircental oorditions, a Inrn Hg change in nro2 vras seven*or

eight'fold nore potent a stj:ntúus for tlre onset of breathing than a l+nn

Hg change irr Paæä, but ttr:is slope rr:ight have been infruenoed by

pentobarbital. Recently, FLorez and Borison (93), utilizing tidal vohme

as ttre index of @2 res¡nnsiviÇ, denonstrated i¡l cats ttrat pentobarbital

redtrced the slcpe of tïre co2 response curye, rndeed, it is ¡nssjJcle

tlrat, the use of pentobarbital in tlre eu¡e and the nev¡lcorn clonor altered

tlre res¡ronsiveness of tlre fetal respÍratory center to both ctremical and

mechanical stimuli. T¡Iirdle (8) and Barcroft (1) have shor.¡n th,at d.oses

of per¡tobarbital v/nich anesthetize the notlrer depress the respiratory

response of the feü:s to nect¡an-ical stimulation. This effect rnay

becone nagnified under acidenia r¡'hictr causes accr¡rnrlation of barbitrurates



in lipids and deepens', anestlresia. Thus, although an interaction r.n¡as

shor^¡r¡ between Puo2 and pu@z at üre ti¡æ of the first breath, it is
like1y that this interaction \'ras obtr:nded by thre presence of pentobarbital.

The c:oss-circr¡lation techn-ique itself does not appear to have

played a role since fetal respiration tras not i:ritiated d11ring the

procedtre for as long as 25 minutes provided the arterial gas tensions

and pH rernained. at norrnal fetal levels. Since ttre r¡nbi1ical aord.

remained. occhl1ed ttr:roughout tåis tj¡e, thre absence of breattr-ing also

provides ænclusir¡e proof for the first tjJle tåat corrd occlusion ¡:er se

cannot initiate respiration. FLrrth.er, this obsen¡ation i:dicates that
adequate fetal gas e<ctnngre was possible using the neviborn donor as the

placenta. It4creover, the obser:r¡ation tt¡at tlre arterial gas tensions

at the ti¡æ of gasp jnitiated þ cord occlusíon also fell-along the

saÍÞ regression line derirred from data obtained dr:ring cross-circulation

indicates th,at the proædrrre itself dic1 not influence the p¿o2-p¿co2

relationship.

The direct linear relationship betr.aeen P.O2 arri p¿C02 was also

denpnstrated i¡rdividr:aIly in 13 of the 14 fetal lamtrs studid, and was

i.:ndepend.ent of the sequenc€ used in varlzing tLre arterial gas tensions.

This suggests th,at the gasp response rernained dependent on the jnter-

action betr.'¡een P¿o2 and pu@z despíte several "first breaths" j¡ the

sane fetrrs.

The tidal r¡o}:ne of ttre fj-:rst breath j¡r tlre i::itial eryerirrent

on a single fetrrs was goceaten tlnn the tidal voh-me of the first breattl

Ín sr:bsequent eryerinents. Ttre reason for th:is is obssr:re sj¡rce the

lerrel of blood. gas tensions and pH at ttre È.irre of gasp did not ínflrrence

7L
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thre frequency, inspÍred tidal rzo}¡re or breath-by-breqÈh minute r¡entilation

of eittrer ttre first, second or ttrird liquíd breath whether the initial or

subsequent oçeri:i.ents withj¡ the sanre fetrrs were conside¡:ed. Ihese

obsenratíons appear to i:rdicate that the first few breaths constitr:te an

all-or-none phenonenon. ÍLre influence of blood gas tensíons on the

ventilation after tïre first three breatl:es r,¡as not studied si¡læ blood

gas leve1s were Erickly read.justed to normal fetal levels follovrjng

a response.

It ís lÌJ<ely tlnt the optirral e4>erinental desígn :requires i.::vestí-

gation of the fetrrs in utero røithout the jnfluence of anesthesia.

Houzevier, for technical reasons this was not ¡nssible i¡r the present seriess

of ocperj:rents but does not detrast from the ra'ftue of new obsen¡atíons

on a fi:ndanental physiological problen.. Thus, although precise quantitation

is illfficult tlrere undorbtedly erists an i¡teraction betr,¡een h14rc><emia

and hlpercapnia at tlre tine of the first breatl:.
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GMüERAL SUI\ß4ARY AIiD CO}üCT,USION

Ttre present work is an i¡nrestigation of ttre role of arterial
systemic nean blood pressure ard. gas tensions i¡r the inÍtiation of
respJration in the sheep fetr¡s. Near-term pregmant ewes and ner¡ùorn lanbs

were used.

Part I gives a review of the norphologic and pf¡lzsiologic bases of
perinatal respiration and. of the various þz¡nttreses whicl¡ have been in-
rrcked to oçlain the first breath.

Part II describes in tljo phases ttre i:nitiation of breattring þ
various oçeninental procedtres. Resp5ratory efforts were nonitored using

a liqrid plethymograph. Phase one delineated the infh:enoe of ctranges

in nean slnstemic pressure i¡ 14 orEeriorized fetal lambs. Changes in nean

systenic pressure in ttre absence of changres in blood gas tensions r^ære

pro&roed on 15 occasions by rapid infusion or withdrarn¡al of blood, i¡fusion
of norepinephrine or occlusion of one unhilical arterlz. Despite ctrange

of nean blood pressure of as nuch as t508, breathing was not initiated.
Or¡ 18 occasions alterations in nean blood pressure with ærrcpmitant hlpen-

capnia and hlpo:<emia viere produced þ either occlusion of tIæ r¡nbilical

vein, boÛì unlcilical arteries, entire r-unbilical ærd or ttre naternal

abdominal aorta. In a-Ll instances fetal gasping r^¡as er¡oked i:rd.icating

that the initiation of breattring is irdepérdent of the site of inter-
nçtion of fetal-þ&acental gas exclrange. By several nethods of analysis

ttrere !ùas no relationship betr^¡reen the nean blood pressure and tlre a:terial
Pco2 and Po2 at the tine of gasp. Arso, nean blood pressure d.id not

influence ttre latent peníod. It is concluded. that changes j¡r arterial

i.:.:....-.i.:.-::.
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sys@nic nêan pressure per se caruþt initiate respjration. F1¡rtfietrm)re,

ttrere is ro interaction between þzpercapnla-h1z¡n><emia a¡d nean blood

pressure i¡r tlre initiation of breatåing of fetal lambs.

Phase TVo of ttre e>çenjJrental study evaluated tlre relatir¡e
inportances of arterial gas tensions ín 14 e>cteriorized fetr¡ses. The

feh¡s !ì,as qross-circurlated vrith artificially r¡rer¡tilated. nevjborn lamb

at a flo^¡ rate of 250-300 mLlmin. Drring sross-circrrlalion w"ith the

nevuborn donor breathing roon ai:, tlre fetus mai¡rtained its arterial
gas tensíons and pH at rorrnal ler¡els and remained j¡r the normal apneic

state for as long as 25 ninutes s/en if ttre rmrbilical co¡rd was occl-uled

throughout this period. Tltis obsen¡ation conch¡sively shovrcd. for ttre first
tj:re that cord occlusion per se canrpt initiate breathjng.

Fetal 1i$Lid ventilation v,as initiated on 29 oæasions by adjustjng
the alveolar ventilation ard conposition of tlre inspired gas of the new-

born donor. At the tíne of tlre first breattr, tlrere $ias a ¡nsitíve relation-
ship between the levels of fetal arterial PO2 and pC02. Ttrís relations¡ip
appeared to be linear: p¿O2 - 0.13 (p¿C02) * 0.24¡ (p¡g.g0, p<0.001).

At a fetal Paoo2 belon¡ 40 rm Hg, tlre first breath did rrot ocsur u:rtil the

P¿O2 was 5 rrn Hg or less; at 1er¡el of p¿@2 between 40 and 100 rrn Hg, tlre

P¿o2 at the tftre of tlre first breath was always abo\re 5 nm Hg a¡d ranged

f::om 6 to 16 * Hg; ard at fetal paC02 abo\¡e I00 nrn Hg, ttre first breath

was initiatæd at P¿O2 abrove 16 nrn Hg and as tr-igh as 20 rrn Hg. I?re inter-
action beü^¡een P¿o2 ard pa@2 was also denonstrated in 13 of ttre 14

i¡diviûlal a¡rimals studied. rt is conch¡cled. that ttrere is an i¡tenaction
betv,,een a::terial Po2 ard pco2 in the initiation of respiration in sheep

fetrrs.

i I ,-,:, -. - -:.'
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