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The aim of the work desceribed in this thesis wasg t0 ses whether
1t was possible to reline and exteriorise the pleursl caviity and Go
determine whether an animal can ventilate gsuch a ¢avity es & vesult of
natural vespiration, These two problems had to be solved if implentable
prosthetic lungs are Lo beooms feasible in the fubture.

& sevies of exporiments were performed on 16 dogs, 200 rats, and
glxz pigs. Filrast the effect of a plagtic fabric on the pleursl nmenbrane
was explorved in five dogs. Unforiunately, the fabeice provoked much
pleural effusion followaed hy smpyema. Those parts of the chest wall
(including the diaphrszm) which did fuse with the fabelc becams rigid
plagues. Thevefore, the use of this material was abandoned.

Hoxt, skin was tested as the new ploural lining and found
sotisfactorys  Sxperiments in rats showed that a readlily reproducible
technique could transform the left hemlthorax into a stable skin=lined
covity which could be opened bto atmospherde pressure without embarrassing
breathing in the right lung, and the animal could ventilate the cavity
via & separate opening dirveatly through the chest walls

Bxpeoriments on gix pigs demonstreted that these yesults could

alego be obladned in larger aninmals.



The skinelined hemithorax in the rats and pigs experimented
on was poorly ventilebed when compared with the nopmal hemithoras,
Therefore, additional devicss for ventilation must be provided for a
prosthetic lung ilmplanted din this cavity. However, much work remains

40 be done on thig model befove it becomes workables.



- -

AGKNOULEDGTHINTS

i i e et g R b de e

Profeassor DeGe Holrose directed the projeet and it is e
plﬁé&ura o thank him._ At verious steges of the work, I received
ugeful ﬂupg@@ticm%g advios, and encouragement from gonlior people
including Professors J.8. Celnsn, AW Kay, JuV, Maioney sy G0l
R.Bs Wolbourn: 1 theank theom alls The atefd of technlelans under
Profosaor Relrose were unstinting in the halp they geve me st all Ltimes
Apgistance in the operaling theatre, the Xepay wvoomg; and in the laboprge
tory came fyom Mys. Jenonifer Booleltl, Massre. 8. Adems, R, Elliot,; and
Be Williems, and in the Animal House from Messrs. Verney and Wilson
who looked after the dogs end the pige with kindness and competence.

The Royel Posbgraduate Medleal School provided a stimdlating
atmosphere and I thenk the surborities for all the amenitios so
freely evailable, Facilitices and equipment were kindly pub at my
dlaposal, Dy Ju.B. Hughes lont me his minlature Kyogh splrometer and
Dy ByJdeB, Grant helped me to seb it up; Professovr Dollery let woe make
use of his plg sblese

Vhen I aterted the work in Jomwry 1970, I wos on Study Leave
fron the University of Ghans Modicsl Scheol and L held o Smith and
Nephew Surgical Fellowship for that years Vhen my tine yan oub,

Professors Welbourn and Helrose genorougly obtained an extension Loy



o b

one more year, Meny obthers pleyed thelr perd including & delegation
of Professors Bontall, Calnan, ond lelrose who met Perofessor A.A,
Kwapong, Vice Chaoncellor of the University of Ghona, who finslly spproved
the arrvengoment, ALl these moves would have come to navghlt bub for the
ungonmon gesture of geodwill fyrom one went  Mr Terwy Verma, Ho went
%o Ghane that T might stey in Lopdon and finish the worlts The debi of
gratitude I owe hinm I now scknowledge with humllitye

Laat but not leagt, T thank ny wife, Vivien, for seoreterdal

pssintance and Dy Hugh Clege Tor reading the dvait,




CIAPTER 1

THTRODUGTLON

FEEERS AR LS e S R

At NATURE OF Tiiu FHQUIRY

Knowledge and techulqgues in medioine and surgevy have reachad
the point thet replaceoment of organs which formerly seemed impogsible,
has today become & veallity, The progress in orgen replacoment has
taken two dlrections. One has led Lo ‘rangplantetion of viable ovgans
from one person bto ancther; the obther has led to implantation of
prosthetio, funcbloning organs composed entively of nou~living end
inert materials,  Although problemns have arisan in the dovelopment of
progthetis organg, the alfficuliies ave nob insurmounteble. The search
is challenging and must contimw (Bodell, Head, Head, and Formolo 1965).

In goneral, luplantable prosthetio organs present twe sepavate
problems,  One is the construction or engineering of the device itsslf,
The other is the interaction &t bthe boundayy or boundaries between the
host and the implanted prosthetle orgens Implantable prosthetio lungs
vregent at least btwo such boundaries. One which may be desoribed as
Hinternal® is the boundsry between clroulating dlood and the perfused
prosthetic lung. The other or "external" is the boundery belween the

delicete pleurel membrense and the Loreign dody, .0, the implanteble
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progbhotic lung, permanently in contact with ite It is this second
boundery which is the special concern for thls investigation which
began in Jenuery 1970 in an atbempt o enswer four questions.

1e Anatondeally, ia 4% pragtleeble to change the normal pleurs
inbo & tougher lining in such o way that in the consclousn animel the
pleourcal cavity can be brought into direct and consbant combacht with the
gxberdor? Lt was reesoned that the pleural cavity, thus relined and
duly exberiorised cowld %@‘mmplnywé.te house a prosthetic lung salely
and permenently, 2. 8y which route might the implented prostheblc
lung receive alir?

3o Fumetionslly, can the animel ventilate such a cevity with
pobural breathing? L. Could 34 achiove adequate venhlletion oy would
the dmplanted prosthetic lung need additlonsl devices 4o boost Lis

venbiletion?

By REVIEW OF THE LITERATURI

Le glatie Prosthaesas

Interaal sppliehces of verdous kinds heve been used widely in
orthopoedie murgery Lfor yoars, and much researcoh has been applised in
avolving motals which neitbhor coraede nor cause haymful reactlon in the

Living tissven in whilch they arve smbedded, Examples of such inert




.
o7 -

metals and alloys arce the special steel (L8/8 8li,), the chrome-oobalt
alloy (vitellium) ond titanium (Adama 1957)

Matals, howover, are not of graat value to those who are in
need of soft tlasue substitutos, and wnbil recently there was no soft
tlesve substitute sviteble for lmplentetion. However, o whole new
£leld of materials boseme aveilable with the advent of throe now
plasticea:  Teflon® (Muon'), Decron® (Tevylens™), and the Silicones.
(*Trade name, Tal. du Pont de Nemours and Company, Wilmingbony “Irade

amg, tmporiel Chemical Lndustries Lidas, London.)

Teflon is o polymer of tobrafluoro-gthylonse and Dacron is o
polymer of polyethylene tevepthalato., In soft dlassue surgery, they
are employed mostly after weaving into various temtiles or matting inlo
folt (Velour)s Silicopne, on the olhewr hand, is o generic borm covering
& wide vaxdety of materislss The pilicones used most widely in
nadicine ayre the polyrers koown os tho polydinethyl siloxsves; they axs
flulds of varying viacosity which are used as fluld or as zubbere

Teflon, Dacron, and the modicsl grede silicones produce wminimal
tissue reaotion and they change little after implantation (Leiningoer,
Mixkovitoh, Poters, and Howks 196h)e Teflon and Dacron heve been used
ag ertifiolal steems fox the ingrowth of tissues end thely wident
applicotion has been in cerdio-vesculer surgery where they have been

ermployed to construclt vasculay prostheses (Fry, De Weese, Kraft, and



RBreast 1964), and as sowing mings for avrtificisl heart valves (Storr and
Towmexds 1961).  Decron velour hos also been uwsed for Partifioial skint
(Hall, Diotta, and de Bekay 1966) and Por permititing the atbtachment of
artificial limbg through skin dirvectly into bone (Hall, Sppright, Hngon,
and biotta L967).

The silicones, howsvor, have enjoyed the widest application as
inplant materials, pavitiouvlavly medical grade si;icon@ rubber which la
probably the mogﬁ_axﬁenaively nzed implent tedayve  The following
@K&mpl@ﬁ show the renge of this applicgtimn: hgﬁraaa@haluﬁ valves wnich
porve Ho drain C8F from the brain juto the blood strean {Nulsen and
Spits 1962): as pfaatgﬁtie Cinger Joints (Galn&n 1971)s oz the bhall
in the cegerand=ball type of prosthetic heart valves (Storr and Bdwords
1961); thoe coverdng for The wires of implanted cardiac pacemakers
(Cherdaock, Gage, and Groatbatch 1960, Kamtrovidsz 196h); and as
peritoneal=atrial shunt for the treatment of intractable escites (Hyde
and Biseman 1966).

Mony othor eveas of the body bhave aeen Teflon, Dacron, oand
silicone rubber lnplontse lzoaples arve "bile ducts, besticles, boap
ducts, stapes, mandible, troches, oesophagus, dure mabter, ureter,
uretbhre, coatings for cranlal ansuryams, herniel reinforcoments and
tondonse Tho past hag ssen the succesaful development of statio

implenta ond the futurve will aes Purther sophistleetion of these, snd




eieo the developmsnt of dynoelo dovices suel ea inplenteblo heords,
léi.ﬁ“im_y{a@ smunelen, and fim*agzm_ Tho technolosy Cor pong of these new
Sowlopmands 1o elther hove now o 18 on the hordnon snd 30 4n Ghe
Porkunnte Lot of foturs blosnglnnors, mws;i:,«refm%;se& and phyeiolnng to

iy

dovolop Bhen® {(Breley 19707

)

4 ?f’wfﬂﬂ‘a -13::-\*"" ey
' S i LI, W S ¥ Bl
ey Pty :uu{-':\{f.é hi&fn"- o S&.ﬁ%‘» YL, x;&' Wi \;;a%ii%

fdehenph mong peoathetlc segong hove been desoeribed, 4% 1o
gonarally agsosd Whet sown ers a% tho smliosd cxporimentel sdogen of

7 FAY oy phatge” s Byl T g @ g ‘.:f“ 53t g1 "] T oy erasipansy 17
Qovoliorent, P espuple, aebilodal shin (eil gb el 3965), o wesrelile

L SHTE R Al Vs

Rl

priiddoiel Blduey (Manny, Lindon, and Spawiks 2906}, o prosthetie
veedbhzoal pphineter (Hovgent end Dopelclh 1974), o prosthotile Hisddos
{Btooloy, Penduolic, ond Peiostly 1971), ond on duploentoblo prosthetic
onad, sphinetor (Kdatronidie, AiWold, ond Hoxdovhony :&.5?1?23.}% £ the

*

ghhoe aod of ho appotyam ang progtboetio orgahs vhioh aro eotablishod

L]

heady dn oldwiendt pesotine Dor omseple the aptifioial kidnuge

Rhees b o wigdis outopory 0 uidals boleng presthebie honyius,
Bl prostheble sul, ovd prosthetlio Jungi.  Bogosveh fubo Sho dgvolome
ment of these mropbhetic ovpenn hap beoown o eobiga thed ragenily dhe
ok hen resshad the stare of olinlond 615‘3135?}.ﬁ.il’i\%t‘iiﬁa':.&‘!i}g

Roled and nis coldnegmos (1960)obtoined suoouvagiug rosulis
Wtk prosbhobic beweks op 4l Liokie, Uell, Govloy, aud Do Balsay (964

In 1963, Liothe pnd his collodgues sadinfactovdly dnvowporespd @ bovsber



hoart in one paltient although, at thet perdod in time, the stop vas
probably premsture. Absumd and Sekuved (1970) have reviewed the Gevos
lopuent, types, and present status of prosthetic hearts, and Xlola and
his colleegues {(1.971) concluded rightly that to achlieve 100 hour
survivael with o total mechanical heset, wovkers in this Dield must
re-axomine the interpley belween the anlmal and the prosthetie heart,

Seribner and his colleagues (L970) have devised ertificiel gub
to provide llfewsustaluing parentevel aubritlon and have used the dovice
on patients with chronde bowel disease in & manner siwilar to tho use
off homne &alysgis to meintein patients with chronle renal Qigeaaaa
Atking end his colleoegues (3.970) descwibed technical dmprovements in
the device with which they mainbtained parenberal feeding in alx oube
patients for up to two moaths., Five pationts bensfltted markediy;
one Aled with yeast sepliceemlios

Although the prinoiple of The prosthetic lung ig as old as
heavtslung machines, prosthetic lungs employed for longslerin pecfusion
are recent innovations, J.H. Gibbon Jr. (1937) who published o paper
on the ortificial molntenance of the cireulation during oxpevimental
ocpclusion of the pulmonavy arieryy, is uwsuvelly regerded ag the doyen of
workers In this £ield (Melrose 1956)s  Since then operations within
the chambers of the heart hoave become commonploge and most sve possible

because of heart-lung machines (artificial oxygenators) of whieh thore



are meny varieties for omample robeting dise oxygenstor (Melrose 1952).
In the design of oxygenators, the most vexed question remains the ¢holoe
of method far gas oxohange end thaers hes been a gensral leaning towards
the principle of imitation of the normal pulmonary anatomy where the
blood 18 separated from the gas by o thin membrane (Melrose 1958).
Hembrane bleod oxygenators (mewbrane lungs) were conceived in
the early 1950%s by Kelff when he noted thab oxygenstion as well ag
dlalysia occured in avtificial kidnays and the first membrane omygenator
was desoribod by Clowes, Hopling, and Noville (1956). Since that time,
meny devices have been proposed by others including Helxose, Dramson,
Osborn, and Gerbode (1958), Crescenzi and his colleagues (1959), Kylstre,
Houlopoulon, end Kelff (1961), Marx, Baldwin, ond Miller (1962), Kolobow.
and Bowman (1963), Bodell snd his colleagues (1963), Crystel and his
colleagues (1964), Bramson and his colleogues (1965), Peirce (1966),
Raten end his wollesgues (1967), Lande, Bdwards, and their colleegues
(1970), Dutton and his collesgues (L971), Murphy, Norris, and Mawtin:
(13?&), and Melrose and bis colleegues (1971). The gommon objective of
these wovkers: 1s to improve the efficiency of the membyraene lung, and
o nake it practical for clinical use in orgen perfusion and open=heard
gurgery in smell dnfapts as well o8 in adults. To protect patlients
while interfering litile with the development and marketing of the

nembrane lungs, the Americon Seclety for Artificial Internal Orgens
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formed o Subcommittes Loy gas exchangers vnder the chalrmmnshlp of
Pairoe (1971)s  The Subcommitliee hes since published o short report as
guidance for developers ond menufacturers of membrans lungs intended

widinately for elinical uso,

3e Long-tern Bxbrossorporesl Blood Gas Exchanse

PR,

-Longmt@rm gxtro~gorporeal blood gas exchonge is at present the
level of spplication of the membrene luog which is nesrest to the gosl
of an implantable praﬁthatia lung., Recent reports are as follows.
Hill, Bramgon and thelr colleegues (1969) reported eﬁperimantml (and
olinloal) esperlences with prolonged oxysenntion and assisted cirveulatione
The aims of the @xp@rimenﬁal study wore to saee i in fact prolonged
oxygenstion produced sovere pathologlcel ohanges in 14 dogs and if the
menthrane lung would funcblon effectively for long periocds of time. The
duration of the oxygenabtion varded from slx to 36 hourse The variesbles
which thoy measured were heemolysis, bleood gos tension, serum eleotroly-
tos, plasma proteins, blood sugar, and platelets; pulmenary compllance,
lung mowphology, and the nmortalily of the praéaﬁura wore also recordode.
They econcluded that prolonged oxygenation, leces up to 36 hours conbie
auously, can be performed with minimel damoge to blood and no pathologlie
gal effects on the body or lungs. These observetions have been confizmed
by others including Lende and his colleagues (1969), Lende, Bdwards, and

their colleagues (1970), and Timmons, Lindsey, ond Woolverton (1970).



Noteworthy expeurimentel work on prolonged extras~gorpovesl blood
gan exchonge comos from Kolobow snd hip colleagues (1968, 1969, snd 1971),
who have persistently pursued the design,menufecture, end use of a amall
mombrane lung with which they are asble to sustein lambg Lor long povdiods
of times In the Pirst report (1968) they descoribed partial extrae
@Qrporaal“gas sﬁeh&ag@ in elert nevborn lombs with a membirene lung
porduged vﬁaﬂan arﬁeriaévan@uﬁ shunt for perlods up to 96 hours, A4 yeur
ister, they veported high survivel end minimal blood damnge in lambs
gxposed o continmuous venﬁ»van@uﬁ“peffumion and membrane blood g&a‘
erohange for perlods up to & weel, end in 1971 ¢hey extended the period of

the procedure up %o 16 days. (Bighteen lambs were perfused for & total ‘
oft 116 deys venglng From 2e16 doys,)

Glinlcally the membrane lung has been omployed in an abbtempt to
aalvege terminal coges of cardiceraspiratory insufficioncy. Hili and
his colloagues (1969) kept Pive patients glive for up ﬁé 2h hours; ond,
in 1971 they maneged to keop anaﬁh@ﬁ six patlients going for periods
ranging from 12 hours to 6% dayse. Londe, Bdwerds, and their collesgues
(1970) wveported 20 patients on whom Llopg~term extvawcorporesl ciroulation
wap naintained up Lo 72 hours, Dovson mﬁ& hig colleagues (1970)
vaported the response of Dive dwnfents ln the terminel stages of reapiproe
tory ddatress syndrome in whom the perfusion peried varied from 5-12

hourss, & 10«-day ond o Pour-day porfusion in humen infents have olgo
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been reported (White 1970 and Kennedy 197L)s As with all innovabions,
though, the patients lo vhon the procedure woas used were moribund and
they 2ll dled sventually. Howevoer, theose initial veports ave promising
and Yelrvose {(1970) and Kol{e (1970) are persvedod that the fubtuve lies

with monbrane lungo.

bw The Foaeibility of Imolounting Progthetlc Lunes

MO SR L B SR T e NS S b & F00 JIEEn KV ooy

The subjeat iz receondt end tho literature in sconbys Adthough
lmplontable proatbetic lungs have hot yob beew wade, Bodell and his
golleogues (1965) showed that it wen feapible to implant prosthetic
1&&@@}-huﬁ only in ghordw=lived oxpopliments. Thoy gf&fﬁﬂﬁ 10 tonwi'ont
langths of Telflon between the pulmonayy artery ond left atrium in soven
gheen and thren dogse EBach gredt contolned 10 ten~foot siliconoe
sopillory tubess They arrvensged btho gystem in such o way that blood
undex the noreal pulmonary avteriael pressurd perifused the silicono tubes
while prossuriscod ozygen flowed evound thems There vwas o rise in
arterial oxygen tension and & Rell in avrterield corbon dioxido tension
when both blood and pressuedsed oxygon wore allowed to flow slmulitaneonsly
through the sygtens  They conoludsd that, "The artificisl lung has
potantial as & regpirvebory boopteyr for potients with diffuse pulmonary
disensa,  Davelopnent of larger modols might lead to replacement of

ong or both lungs'.






A CoBOOTt qf aa Im pIlm taM ,# Mwibrmm# Lww
(v S. Palroe. II 1966)

Preliminary drawing for an inqg)lantable membrane lung composed
of ultrathln silicone membreme#  Details of possible air and
blood manifolding are shown»  xhcocept for the pressure core»
the case» and the manifolds» the entire apparatus would have
functional gas exchange thereby reduoi% sise greatly#  See
text"# Trans# .Amer#.Soc# Artif. .Intern#,0rgans» 25*% 33 **339
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In 1966 Peirce; whose gonbributions towards the theoretical
aspents of the membrene lung have been poteworthy, suggested that ultra~
thin gillicone membyrene could be used o conplruct an lumplantable lung
for basal oxygen neods,  The next year he followed this with an exesle
lent weview avrtidle entitled "The Hembrane Lung, 1ts Ixouse, Present
Status and Promise™s  Acoording o Poiree {1966 and 1967), o permencntly
implantable prosthetic lung might ocoupy tho pleural covity, be perfused
by hleé& under the nowmel pulwmonary avterdsl pressure and fea@ive its
gos ap aler from the Sroohos an o result of nobural breathing (Fige 1)
Such e prosthetie lung, bowever, pressnts mapy uasolved technioal
problens not diregtly related to the m&tewiml usade

The work descrdbed in this thesis is en abtbenmpl o provide
posaible solublons o two of thesw problemaz. To recapitulate, first
there was the aifficulty of meking the pleural cavity equal to the task
of kousing safely snd permensntly o functiloning foreign body such as an
implantable prosthetic lung. Beoondly, thé'rou%@ by whilch the prog-

thetie lung eould rocelve air vemoined to be esbablishods

C: GENERAL DESCUSRION OF THE PROBIINS

Ly a possible polubtion to the first problem, Peiree (1966 and
1967) euggested Lhat the pleouvel spoce must first be Lined with silicons

'elkin® (1.0, Daoron~backed silicone rubber mombranc) and that in this
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way the pleurel cevity could be effectively exteriorised, He added
that silicone Yskin® should be instelled abt o preliminery stuge and g
pugumoneotony be carried out at the same time. IXn theoory this suggestion

is sound baocouse Dacron and silicone are implant meberisle which couse

Lomd
LS

1ttle tlesue veootion (Dedninger eb el 1964).

Holrose (1970) sgreed with Pelres thait din pvinciple the normal
ploural membroune sould agcept sllicone "skin’, but be hed doubts aboub
the practicability of thia, Helrose's veservations sve valld bocause
the nommel plewral membrene will resct to fresh heterologous plasme with
inovessed caplllovy pormeability end ezudation of much £luld vich in
orotein (Courtrice and Simmonds 1954)e 1t wes o help vesolve this
ispue that T Anvestigated the offoect of gilisone Yakin' on the ploural
nembrane ag one of the first pragticnl steps towserds preoviding space for
a permenantly lmplonteble progthetic lung.

T4 wan srgued that o thiocker end less vascular pleural pembrono
might react less vicleatly to lrpitantes.  Tobin, Van Liow, and Bhan
(1962) showed thabt in guboutoneons gas pockebs the gos molesuleos acted
ag foreign bodics vhich induoed the depositlon of collogen fibres in o
Hrection pareliel to the walls of the cavitye In this wey the Lining
of the cavilty beosme bhicker and progressively less vascuwlars. It vas

proposed to take advantage of this chservatlon.
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On theo assumpblon that It was possible anatomicelly to reline
and oxterlorise the pleural eavity, the next thing to conslder was the
wype of ges cavibty that would wresult and how 1t wonld function.

ALY noxmally or pathologloelly ocourdng or artificially produced
ges cavities in the body may be dlivided into four functlonal types:

(1) closed noncellapsible, (ii) clesed collapsible, (11i) open nonventie
loted, and (iv) open ventilated gas cavities! (Pliper 1965)s For
oxonple, vhereas the normal lungs are open venbilated ges cavitles,
noriel poranassael aly slouees ave open nonventllabed ges cavitiesy the
middle oar is & cloged nongellapsible gas ceviity, and exauples of closed
aollopeiblo geg cavitles ave proumothoran (closed), pneumoperitoncum,
suboutoneoun emphysens, arbtifilceial ges pockels, and so on,

An extoriorised plouval cavity ls an open eetlficially produced
gas ecevity, Funclioneldly, 1t might be ventilated or nonventilated,

I 3t is ventlilated, it might be poordly or well ventllateds This work
seeks @lso to establish wbet heppens in practico.

Ap o possible solution to the second problem, Peiree (1966 and
1967) sugepested that tho prosthetic lung might receive air from the
Trachen o8 o result of netural breathiugs, lowever, such on srrengement
would pose serious problems releted to the diffferent compliances and
aivway resistonce of the prosthetlce lung and the naturel lung on the

opposite sides Hugh-Jonos and his colleagues (L971) heve emphosised
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the gross imbalance belween the distribubtion of gas and blood as a
potent cause of fatel reapiratory failluve in lung transplontation.
(Host of the inspived aiv goos to the orlginal lung bub most of the
blood goes 0 the now oncs)

It wan veasoned that the problem might be solved 1 the two
halves of the thoren cowld he go partitioned thet they funotioned as
seporate ventilating chombers with The normal lung recelving sir from
the btraches and the prosthetlic lung receliving alr indopendently from &
separoto opening dreotly through the chest wall, This work sceks to

guplore and evaluate such o possibility,
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S##pl# of DooroiHMiokod rubber ocmbrmn#
(eiliooce *skjko*) oaplgyod to toot th# effect of
Billoene *eklm* en the £1mvl eecbenne of &e#
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JHE THOIICAL EXELORATION OF THE EFFEGT
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TNTRODUCTION

The fixst practicel stop toward providing space for implanitoble
propsthetic lungs wag o find & suitable moterial wlth shioh o reline
the pleursl space; bnd the offect of silicone ‘skin! wap investigobeds
Hilicone fekin' (Ducronsbogked silicone rubber mombranc) was chosen Lo

test the validiby of Polree's viewss

HATERIALG AND HITHODE

Five aduld dogs, three mopgrels and two greyhounds kept undex
gtenderd labevetoxy conditlong; were used in those initial and explovaw
topy experiments; thoy weighed 1849, 2946, 19:k; 2hals and 25.2 kg
regpectivalys The giliome ®okint smployed was 30 mlorons thick and
the averegse y@@é off the Daevon mesh was 300 miovons in dieswebers The
sample dmplented inbo each postpneounonectony pleurel space measured
150 x 100 mm (Figs 2)

In a well equipped theatre all msjor sporvations were pevformed

on dogs under general ansesthesis and with full asepbic technique.
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Ansesthesle was indusced by 0«5 per cent inbtravenous thiocpentone sodium
(doses 5 mg/ke) and meinteined with fluothane/air mixzture (concentra-
tvion of fiuothane 0.5 4o 1.5 per cent)e The Falmer Tdesl Respirvetor
provided intermittont positive pressuce ventiletion through a guflfed
wibber endobrachesnl tubes The tidal alr varied between 400 and 500 ml
and the rote of ventilation between 14 to 18 stroles a minutee

Al Tive deps bod e standerd left pnoumcnsotony, whioch wes
perforned as followse The left chest was opened through the bed of
the uwnresected seventh »ib and wound towels end rib spresdors were
applieds The ioferior pulmonsry ligement wes divided and the hiler
ptruchures wore identified and doalt with individvallys The pulmonary
artery was PPoted, leclated, ond divided between two 1/0 silk
ligatures and the prowimel stump trensfized with 2/0 atreumatic catgub.
The pulmopary veins were divided between 2/0 silk ligatures. Usually;
two velns bul sometinmes one and sometimes threo drained ehch lobae
Pinally, the medn stem bronchus was elamped and divided,; a litile at o
time, proximal to the elamp; the stump weas closed with interyupted
atraumatic 3/0 silk;, cheoked to ensure that it was airtight end then
allowed to retwact beneath the aortlie vrche Haoomostasis wes sabtisfag-
tory; the 498 was closed in layers and waterwsealed drainege estae

blighed via a polythens tube introduged through a sepavate stob=~incisgione



In dogs one and two the sample of silicone ‘skin'® was implanted
imnediately after pneumonectony = il.e6., Jjust before the chest was closed.

1.0

In dogs three, four, ond five dwplantation was delayed for Pive wecks,

Pogtoperative Observationsg

Two cbservations were of speciel lotevest in the immediate
postoperative perviod: +the volume of fluid aspirated from the chest and
the weight of the dogss The chest was aspirvated continyously with an
electric suction apparvetus for four to six hours on day ones On days
two and three, suctlon was applied three times a day over 30eminute
poriods at 10 aclle, 2 peMa, and 6 pame  The total volume aspirated was
measured and accepted as the volume fox that day. The chest was
aspirated on alternate days {or one week and less frequently alfter that.
The dogs woere welghed once a weeks

Dogs four and five died 24 hours after pnewmoncctomy; they were
both greyhounds. In dog three the chest drein was removed on the third
postoperative day end & week later 500 ml of nitrogon was introduced
under X-pray conbrol into the postpneunoncctomy pleural space. This
vesboraed the medlastinuwn back to midline. The dog was Xerayed three
weeks later and the gpace refilled with an additional 200 ml of nitrogen.

Mive woeks aflter the puneumonectomy the dog had a sccond thoracoton
¥
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(through the bed of the sixth rib) and the sample of silicone 'skin’
wes lmplanted into the nltrogen~breated cavitys The pestoperative

ghaervvations wore the samg as bheforo.

Results ave avellable for the three mongrel dogse. Dogs one end
two falled to thrive, and a mean of 680 ml of blood~sbained £luld & day
was aspivabed from the chest (Table 1)

The oxperximents on dog thres provided much useful informotilon.
Afber the standard poeuwnonecbomy the wean chaest aspirabe was 17.0 ol o
day (Table 2). | The paéﬁﬁnaumoneaﬁdmy gpace gonbaining nilrogen goas fop
foux weeks f@maﬁn@d free of fluld ag judged by Xevey scresenings. The
dog's welght was gheady (Teble 3), and at the second thoragotony the
Lining of the cavity wes found tagbe fibvrous, evascular, and 23 ma
thicks Howewtr, when silicone *skin® wog iwplanted inte this caviby
the following were obsorved:

%) A meen of 390 wl of bloodwgteined fluld a dey was aspivated.

Thie Gﬁﬂér&ﬁﬁﬁﬁ with 17.6 wl o day from the asame cavity boefore

pilicone 'aldn’® was implented, and it confirmed experience with

normal pleural rembrane, wheve & delly meon oblbained was 6860 ml

{TPablen 1 and 2).
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Tht in A whioh wifl tCllled £1TO Weeks
fitter tne Implantation of Sllloono *Sfdn* Into

the Postpneumonectoniv Pleural Cavity

SjJAgone 'Skim' a, the PoaallA. H f Pleural Lining

Silicone *skln' @) has been stripped by sliai’™]
dissection from tlie pleural surface of ribs six aidd
seven leaving a raw area (B), The thickened pleura
is seen (yellow) and the centimetre ruler indicates
pleura to which silicone "skin® did not adhere



-

n 26«:’

13) The dog lost 045 kg alfter standerd pneumoncetomy; but it
lost 6 kg in tho four weeks during which the postpnsumoncetony

1 o

ploural apace contained o somple of silicone 'skin' (Toble 7).

o

galn, this confirmed experience wilh dogs one and two, which

elso foiled to thrive while harbouring the implant (Taeble L)
ii) The dog developed empyona.e

iv) At the third thovacotomy it wes impossible to remove the
implanted siliocone *skin’, which had adhered firmly to the
chest wall and the diaphragm, and it‘was therelfove nocessary
to Kill the doge

At neoropay, 700 ml of £luld was presout in the left chest,
and the silicone 'skin® had fused fizwly, with the formation of
hard fibrous plaques, with the diapbyegn and the backs of xibs
six end seven, the sites of two previous thoracotomnies.
Silicone ekin'® adhored less fiemly into the coestovertebral
groove, and elgewhere in the chest cavily not ét all (Fige 3)e
Figure L4 shows the photomigrograph of Dacron fibres embedded
in young fibrous tissuer  the gpecinen was token from the

pleural surfage of the diaphresme.
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Photomicrograph of speoimen tokon from the pleural
Aurfaoe of the diaphragm of a dog into whoae cheat Silicone
'skin® (Bacron*baol”ed silioone membrane) had been implanted
for five weeks# It shows the Dacron fibres (arrowed) in
the middle of the field; top right hand comer shows much

granulating tissue and elsewhere young connective tissue
(Hand S X 150).



Efreqt of Implonting Silicone 'Skin’ into tho

Exosh Pogtonoumonectony Spag
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19 DoRs

Bodyaeisht and Volume of Ghast Aspirate

Dog One Dog Two
veight ooy e ol
Aeplrate > Aspirate
Pay 0 189 nee 2946 2ee
i 120 150
2 225 550
3 295 600
6 1840 600 27 ¢5 2,000%
8 600 '" ’
31 650 Meon 775
15 L7453 700
16 800
20 1645 Ly 755"
Meen 638

£ :Qgg Kﬁ.l:.l.. @‘i
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Table 2

AN F#-J-“‘L’.""“ISW!

Bftact of Tmolentine Sitieona 'Skin’ dubo
lhe Nitvosenwbvrasted Pogtoneumonecbony

B T R Rt e SR S

Space of a Dog

118 MY R g

Volume of Cheat Aspirabe ;%e Tore
"o hiber tho i Linlentation

Vol (ml) of Fluid

Before Afber
bay 1L 3 LEG*
2 25 110
3 25 450
& 700
6 600
8 22.0
10 200
Mean 176 390

# Drainage tube removed electively three deys aifber
preunonectony.

* Mve Weeks postpneumonectomy; spoce kepd open
with refills of nitwogen gos; 4t romsined fres
of fluld as judged by Xeray screening
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Table 3

AR 2R

¢

Jfeet of Tmplonbineg Silicone *Skin' into

;3&@‘ Witrogan=traated Postonounonesieny

TR A

Snace of a Dog

Dodywelsht Belfore and Aller

PRT S s e

the j,mgl anmm on

E Weight (kg)
Belore After
Weak O 1944 e PP

1 3940 2060
2 1849 192
3 1940 18,0
4 . 2042 16,2
e 206k LG40
6 §bsa 1640
7 coee 3562
8 2o LRI

AT

* Miret thovacotony, left pnewnoncebony poerforned.

s T:ﬁvc} weeks postpaeunonectony, space kopt open
with refilla of nitrogen gas. Second thoragoe
tomy:  eample of silicone 'ekin’® implonited.

T Pmpyens drained.
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DISCUSSTON ON STILICONE *SKIN® AS N NAY LINING
FOR TR PLEUBAL GAVITY: —TENTATIVI CONCLUSLONS

The indtlel experimonts in the present gtudy showed that in
three dogs silicone 'okin'® provoked mach pleural effugion whioh nesded
protracted chest drainages one dog developed an empyemze This was
conbrary to what ove would expect from Paeirce's assumpbions end
confirmed Helrosels opinioi.

In this cne dog the pavte of the chest well (including the
diephragn) which did fuse insepevebly with silicone *akin' end therveby
gove the requirved yresult became stiffs histologloal exeminetion of a
specimon from the svrfece of the diaphrvegm showed the Decron fibres
ombodded in fibrous btissues. About this, Broley (1970) bas sbtated that
although it glves the sensebion of softness Dacron is not o sof't duplent
naterials The tilssue which grows into the interstices of Daccon
beoomes fibrous tissue, which in time will shrink end hoarden, so thot

LR

the ultimate effect iz one of atlifl scar tlssve. Because of this
Daoron conngt be uvsed wherd pormanent goftness is needed.

Tt i therefore tentatively concluded that although it waa
techaically posaible to get the pleural surfaces 0 fuse with silicono

Palin® the resultent chest wall would be so atiff thet an animael would

be vnable to ventilete 1t as a vesult of normal breathinge
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The two practical difficuliies met with were much ploural
effusion (which nesdsd protracted ohest drainage) end infection. These
obgexrvations wers equelly valid for the otheor plestie fobrics in ourrent
use, namely Teflon and Volour (Decron or Teflon)e It wes thereforo
considerod unjustified to pursne further this Lino of onquirye. Rather,
& fun&amental&y difforent neterisl was sought as the vew lining for the
plourel geviily, and the use of aubogenous skin for this purpose vas

dnveatigated.
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AUROGINOUS SKIN AS THE I
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THQ BASTS OF SUBRSLH % N PUBILS

W!qh mme

The wltimate objeotive of ualng autogenous skin was the
possibility that a skinelined hemithorax couvld be opened directly to
atmospheric pressure without embarrassing bresthing in the contrelateral
lungs  Skin, the natural sgovering of the body, also lines most body
savities which ave naturally open to the ouitside for emample the oral
cavity, bthe nostrile, the ouber ear, and so one. It gesnmed reasonsble,
tharefore, to »eline the pleural cavity with skin before exteriorising it

The experiments deserdbed in this scotion were performed in an
attompt to answer three guestions, First, would skin grefts 'teke’ on
the noxmal pleural swrfacesg? HSetondly, could the demaging effect of
shed hely and sguanes in the free pleuwrel cavity be prevented by grafiing
closed capsules of gkin into the eavity? Thirdly, could one adopt two
vechniques vaed by plastic surgedms to provide skin cover for extensive
surfoanes: ©the use of postege stamp grafts, and the technique of feneg-
tratlon degeribed by Feller end Hill-(l965)? (The use of skin homografts

wes considered unwlse as it would introduse another somplex varieble,)
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MATHRIALS AND METHODS

Kleven adult mongrel dogs whioh velghed 25,6 4 1.2 kg were
employeds As already described in the preovious chepter, all operations
ware performed with the dogs under genevel anassthesie end with full

paeptlc techniguess

bt Talcing Ghe Grafy
Two different techriques were employed o obtaln free slkin
grofts:  complete exelgsion of full thickness akin followed by defatbing
with o sealpel, end the use of a Humby knif@ﬁ This determined tho
oves of skin preparsds Helr was removed with en eleotric hely ollpper
and o wazor blede wes used Lor a ologer shaves Tho sheved area was
gorubbed thoroughly with a 2.5 per cent solution of chlorhexidine in
waber and washed down with normel saline.
In the fivet nlne dogs the baok was prepayed and e rectangulapr
plece of full thickress sldin was exeisaed; 16 moasurod sbout 150 x 100 mm,
The raw eres wag covered with werm seline packs Lo control bleeding |
(datherny was euployed occesionally) and the ekin wound closeds The
free graft wos plmed onlio o plece of cork and defetbed in the usual way.
{(In the last two dogs both shoulders and both gluteal regions |
wore prepoared in entioipation for taking split-skin grafts with the
Humby knife. But I found this technique d1fficult in both dogs,

hecsuse I asver managad o oblain sulflciently bread sheets of gkin




without outting down deeply into muscles These two dogs wers there-
Pore elinineted from the studye)

The nine dogs wore divided into threo groups of four, three,
and two, and the skin grefta wewre shaped in theee different ways. In
the Firat group (Wog. 6=9) the grafts were oubt into 20 x 80 mm flat
roctangulor pleses sultable for uvde of onlay gralfts.

In the socond sod third groups the skin grais were subtured
with 2/0 silk into copsvlea which were turned ilnside oub so thot the
" hadrebesring surfaces wers onclosed. i grémp swo (@ogs 10-12) the
akin awpoules were closed completely. They messured 60 x 60 mm,

90 ® 30 mm, snd 120 x 100 mmy they woere keopt £lat and roughly rectane
gular dn phape with & ff&m@wéw@ of thin gtalnless~nteel wire.

The teshnique for inorcasgling subografl coverage (Feller and
Hill 1965) wman used in doge 13 and M (group three)s The bechnigue
oconsisted of alitting the free skin graft in meny places; cach slit
was about 15 mm long ond the gpoces Detween thom about 25 mme In thisg
vay the skin graft could he stweltched 6 cover move surface ares. To
koep the alin cepsules stretehed they were filled with silicone nenb-
rone 4o measure 80 m 60 m 60 may  (The sampie of silicone employed was

75 miorons thiek, 300 mm wide, and 4,500 mn Long,)




B: Applying.the Slin Gealts

Le In group one {Qogs 6»9) medisn sbernotomy was chomen,

With the dog placed on its bagk, ils front paws were held forward and
the front of the chest prepared snd draped., The skin inclsion wos
made co~grbonsive with the sterrume & ouiiling dlathormy was used to
geparate the apposed mediel borders of pectoralis major musoleg. Ante-
rhor pexforating branches of intercostel vessels weye also diathermised.
Tho gteroum was split with o shavp peiy of 15 ou long twowbladed
secatours, (A Gigll saw was uasulteble beocavse the eternum was too
porrows  en electric saw was tyiad bult Pouad too ripky, becouse the
sternun had o showp conbral rldge off which the saw slipped vepeatedly
ond dongerouwslys) The cartilege of the manbriun wes split to get a
wide emposure olthough 1t meaund poow wound healing ofterwards. Twoh
peivs of rib ppreadery and wound towsls were applied and the chest was
opened widely.

In dog six both helves of the chest cavity were useds On the
right side the pavietel pleure was sbripped off »lbs five to nine end
off the dlephregn, (On the ribs, the pleurs stripped readily but not
on the dispheogne) Ooming Prom the vaw sres was conbrolled with waxm
galine pookos The left half of the cheat wos left undisturbeds The
strips of onlay okin grafis were subured with interiupted 2/0 cabgut o
perioardium, modlastinum, vib oage, aorta, oesophagus, and diaphragn.

Both lungs wore espendsad fully ot reguler intervels during the operation,




Dozs seven and elght hed ainiloxr operatlions omxcept thot only the left
plewrel cavily was empioye&; the wright was not intexrfered withe In
those thyee doge, then, the lungs remained in situ to provide external
comprassion for the onlay akln graftss

In dog ulne, howsvoer, the laf% Jung was removed helors the
grafts wore suluved on to the strusburses Listed, so thet iﬁ thin dog
the slhin grafts had no exbernal compressions

Two cheat plastic dmins wore dnderbod and brought out through
peparate stab incisieons. The intwathovacic ports of the dealnage tubes
Wars &uture&\lanﬁaly whth eatgul inbo the coabo-gternal groove anberdorly
to koap them away fron the ahin-grafta, The wound was olosed carefully
in layorsy as fdil&wms dntergupted horigsontal mabbress subures of silk
to goatanl, Q&K%i&&g%&g\t@ﬂ Layova af'a@nﬁinuau@‘gilk Bo musalegAfollawaa’
by inberrupted nylen to skin, The drains were eonnected via a Y~ploce
off fivm plaatié tubhe gealed undorwator, and guction al batween =3 and

«5 mn Hg was applicd.

2o In groups two and three tho alkin cspsules were implanted
into the normal left pleurel ecavitys Thoracobomy was performed through
the bed of the unreseebed aﬁvemfh b  the lung wes not removed. As
alyeody desoribed, the chest vas closed ocnvefully in layers end o

waharesealed draln esboblishad.




[ 5&-:»

{over)




- 38 —

The Baais of Subsequent Studies;
Autogenous Skin ae the New

Pleural Lining Showing

Three patches of free skin grafts have 'taken' on
the unstripped pleura. The out edges of ribs,
three below and one at the extreme top left hand
comer, are also seen. The central patch of skin
measured 8 x 3 am. The dog was killed four weeks

after the strips of onlay skin grafts were sutuwdd
onto the normal pleura on the riba.

'"E 8 9 4



3¢ After operation, the dogs roceived deily intramusoulasn
injegtions of one mege undd crysialline penielllin and one grammo
sbreptonyein for five dayss; the chest dradng were removed on the

third day end the dogs were killed in the Pourth wooks

OBSERYATEONS AND, TINPATTVE CONCLUSIONS:

Lt R Rl OB

TR BASES OF SUBSEQUENT SPUDLES

In growp one all the onley grafis Thook?, and Flg. b shows en
exanple of skin gfewing on ﬁh@ﬁxmmﬁm& plenval surfaces of the vib oapges
Adheslons had formed in dogs six to olght bebween the grofis eand the
lungs. In dog nine, which had priovr pmﬁummnﬁatémys the pleural cavity
gontained over 1,200 nl of bloodwgtained fluid,

In group two thoe glosed akin.aapsu19$ Yook on the novmal
sureounding atwuatué&a: Iung and wib coge., Theve wes minimal Fluid
in the free pleurel cavity. Hovever, bloodwstained £fluld hoad gathered
in the lumen of éh@ skin capsulesy 4t amaunﬁa& to 15, 20, and 25 ml in
the thyreo aégag In group thyree, however, the fan@&ﬁr&taé aliin copsules
wore Pound ewbedded in thieck fibrous exudateo with ebout two litres of
finid In the froe pleuval cavitys

| These obsorvations agreed with the following stabement: "Freo
akin grafts "take' on eny living tlssue exeept cortical bong: they

will Ytake® on fot, fascia, musele, tendon, periosteun, marrow, durs



o L0

mater, arbory, newve, and bowel; but there sve obvious dissdventegos
in using freo grafts in some of these sites® (Sackson 1967),

Four tentative gonclusions wore dvasms First, free skin
graftes would 'take’ on the pleural surfaces whether stwipped or nob,
Secondly, the skin could be spplied as onley grafts ory preferrebly, as
skin oapaules in whieh the haireboaring surfeces had boen onoloseds
Thivdly, skin capsules grafbed into the novmel pleural cavity were
assogioted with haemorvheglc pleurel effusions Fourthly, when the
capsules were fenostrated the fAuvld oscaped into the free pleural
cavity; however, when the capoules wera closed the fluld agoumulated
in end romeined econfined within their lunong

These tentetive conclugions wero scoepbed ag the baslis of

subgognent studicas
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n&uld

rtm skjsmHn#a HwAthorm R»t PrwaratK»

Tho h«d.thom baa be#n cbanged into a stablo
aklm#llned gaa cavity” nbioh oan bo opened to the
exterior without eebarraeeing roepiration in the

eontralateral lung. The experimental preparation
i# preeeated ae a model for providing epaee for
implantahle proathatie lunge.

m
_

FIBROSED L LUNG

HEART

SKIN-LINED CAVITY
LUNG WITH

PERMANENT STOMA
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THE CREATTON OF A SEINwLINED AND EXTEREORLSED
HIMITHORAL:  An Deperimental Model

A A R T A ""‘E«JA"

fow the Provision of Boace fov
Smplenioble Frosthotle Iungs

EARLL

LITRODUGTL ON

The eim of this pexd of the work s threefoilds PFirsl, Lo
etbempt to transform the hemithorex lnto o skinelined covity. Secondly,
to dnvestlgate the possibility thet the shinelined hemithoresx could be
opened directly to the ewxterior withoul eombarressing resplretion in the
contrelatoral lung (Fige 6)e Thizdly, %o see whethey the animal could
vontilate such a eevity as o result of normol breathlng.

Three poinds were considered, IMirst, if the ploural cevity
wore lined with skin instead of the nommel plourel membrane it might
bocone equel to the task of housing en implanteble prosthetic lunge
Secondly, 1 the skinelined hemlthoraex could be opened directly to the
alr outside without embarrassing respirvebtion in the remainlng lung the
thoras could be chang@a into two separabe ventileating chembers which

reoelved aly from independent openings, with the aly inspired through




the btreches ventilating the novmeld lung onlys (This sxwangement would
eliminate the problems of venbtiletion limbalence which usuelly acooumpas-
wios lung replacement, whereby mp&ﬁ of the insplred air follows the

1ine of leapt resistoence into the less vigld of the two lungss) Thirdly,
a quantititive asseassment of ventilation in the pkin~lined homithorax
would enswer the gquestion whether addivionel deovices for ventilebion
woudd benngeded for dmplarntable prosthedic lungs.

The provision of spece for 1mp1@ntﬁb?a prosthetic lungs had to
be Javestigated in a suliable Eabnyabamjzumxma to astablmsh the genersl
prinoinles, to dofins zhe d*ffiau?%&aﬁﬁ and to meke ebaevvaﬁJenﬁ that
might be applied to mong

The experimental animal chosen fir 8t was the rat For two ressons.
Mirsty the rat had much Joose skin relative 4o the slze of 1ts body, so
that, if reguired, much aubogencus skin graft would be obtained veadilys
Secondly, being a smell animeld the rot needed Litile suﬁervi&imm and &
lorge series could be yapldly built ups

From previous relovent work ou rats, two things besame clear;

'Spoeific pathogen~free® (SPF) colonies must be used boosuse they were
fres, ot least inlbielly, of endenio chronic resplratory disease from
which obher reld colondes suffers (It is a chronie peribronohitis with
increased number of goblet cellp, inoreased bronchial seoretlon, lyne

phold hyperplasie, and peribronchial lung damnwe (King and Bell 1966).)
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Rats delivered by Gacsaresn sedbion and reored under sterilo conditionsg
are not free fvom oll baotseria, but do nob suffer from the apeocifiic
ondemic vospivebory Alsosse probably caused by e pleuropnoumonieowlike
organism, Biunss Clari; ond Healey (1971) have found it Amportont Lo
ugo heelthy, PP rats fox éﬁuﬂi@s of lung phyeiologye

Secondly, it was necessawvy o use o simple and gafe method of
anaesthesle Lor yals intended to rocover after chest surgery. Ratp?
ghests could be opened and the anlmel kept alive for up to two houre
by giving direet intretracheal ansopthesis, but this procedure was
sultable for shortelived exporiments only, because trecheostomies in
the rab could not be closed azain (Griffith and Farris 1942)e  Indtisl
experinents In six rots conflymed this. Kluge and Tveten (1968) hed
been able to accomplish thige

In my lovestigations the rob wes anassthetised bub not lontubated,
the chesl was opened, the skin copsule wes fmplonted into the normel
pleurel space, and the chest closed egmine It was thought that 1f the
cheat was opened for but a short time and the investigetor wes guick
in operation, the rats should survive the thoracotomy. In this woy
the frustretions of direct intratvachesl ensesthesie in xats could bhe
siveunvented. With thig approagh, 150 oul of 168 (8943 per conb)

survived bthe thoracotomy (P ¢ 0,001),




{over)



Rotionale Behind the Aopprosch Fmploysd to
Fransiorn the heft Pleursl Cavity iabo o

Postonovnonestony Skinslined Hemithorax
[k e R A DT A T . 2 Y m.:

le A closed skin copsule has besn grofted into the left normal
plewrel caviltys 2 The skin capsulo enlarged ag fluid scoumus
lated in its Js 1% occupied the left hemithorax displacing

the dpasiletoral lung. At o later sbage the skinelined hemithoras
could be opened fo the exborlor through a permenent thopacostomy.

CREATION OF SKIN LINED HEMITHORAX

SKIN LINED CAVITY
LUNG
HEART
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&t this stege there weve thres things to be done. The first
was to ettempt to transform the hemithorex of rets into skinelined
cevities. Secondly, it had to be discovered whether the slin-lined
heowithorax oould be exposed to the outelde aly without smbarrassing
resplration in ’%ﬁ?lﬁl& contralateral lungs The third aim was to seo
whether the retg couldd ventilate the skinwlined hemlthorax during
natural breathing.

The xetionele behind the approach employed in this study wes
as Pollows (Flge 7)e IFf & thin sheet of skin was svbured into a cologed
copsule and grafted duto the normel pleural space, Ghe groft would
Yoke' on the surrounding structures. The skin vould form a closed
@a.vj,izy in which fuild would agounmulate. The coviby would empend to
ccoupy the homithorex displacing the lung od the seme gide. I the
preggure in the cavity was sufficiently }ﬁ;gh for o long evnough tine,
the dpsilaterel lung would undergo compression atrophy and, "auvtopneumos
nectony” be the results I the heavt and the contralateral lung
cgontinved o fonction normelly the animal would survive in the absonce
of unexpected complicationg..

The skine=lined pleural cavity could then be opened to the oxbee
wlov and e permanent thoragostomy be establisheds IFf the animeld
survived this stage, the wresult would be what was required - nanely,

g, ral whose pestipnouncnesiony henithover was lined with elin grafis
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The system employed to administer anssgthesia to the rets in
this studye X% shows from left to right, ozygen, vhich was
bubbled through a gless Jor conteining mebthoxyfluvens. The
gas mixture woas led into o perapex box, 200 mm cube, inko

Aiich the wat wes pleced; +the 1id of the box wes not {ixeds

ANAESTHESIA

—— Lid

02““‘“:: aé&a

l |——— Perspex box

Methoxy- —___
flurane




and apen to the exterior without embavrassing respiration in the lung

on the opposite silde,.

MATTHIALS AND METHODS

A3 OPZRATIVE TECHENLOURD

Le Intreploursl Skin Grofiine in Rate

Male albino Wistar SPF vabs (purchased frem Cerworth, Hutingdon)
wove usedes  Thelr mean initisd welght wes 240 & 30g. Thoy were keph
under stendard leboratory conditions in lavge osges each of which
houged & maximum of five.

ALY opevationg were performed undor goeneral ansesthesla in o

fully equipped bheatrae; bhowever, Lor wat operations, the gloves,

gowng, Grapes, and instruments used warve olean, not sterile,

Ansgsthesia and Prepecine thae Slkin for Graftine

The anaesthetic employed was methoxyflurene (“Penthranc®) in
oxygens A glass Jer contelining methoxyllurane was connected to an
open perspex box which meagured 200 mm cube, When oxygen was bubbled
at the flow rate of one to two litres & minute through the methoxyflue
rane end the box was closed with a 1id (Fig. 8) the concontration of
methoxyflurene was sufficlent 4o ansesthetise o 250g vas in five to

aight mioutess The chest and lumbar vegion of the wrat were shaved
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olosely with an electrie helyr elippew, and loose hair was removed with

L, modist swaby entlseplic solutions were not employed. This prosedure
usuelly book about five minutes, end rots whioh had regained consciouge
ness were pub back inko the anassthotic box for a further five minutess

An elliptical pisce of fullsthickness skin was excised as &
Frea graft from the back of the rat. With the enceathelised wat in
the prone pogition a transverse fold of skin centred over the middle
third of the vibesge was held wp and exclsed with o palyr of 5" Mayo
polasors, PBleeding wes slight. (Thirty comsecubtive grafis talken in
this mooner were measured and welghed: Appendix l.) The dofect was
closod easily by primary suture without tension with interrupted 2/0
silk, Because the left ocheslt was to be opened shoritly, only the righti
half of the wound was olosed; meanblme, one subure held together the
left half of the skin wounds The rat wos then returned to the open
perapesx box, with the methoxyflurane turnod off.

The skin was pimmed onto ¢ piece of cork, and defatted in the
nenael way with o No. 22 Swan Hoybton blede nounted on g Noe. 3 Bard
Parkor hendle, as described in the last chapter. It wes then felded
on itseld with the hair-bearing surface outside and 35 x 20 mm recton~
pular piece oubt oubte

Two of the three free edges were sulured together with 2/0
atrennatic silk on o tepeorecut nesdles, A pair of artery forceps was

Introduced through the third and still open edge and used to turn the
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Figs .9

(i) brawing of o completed speoimen of skin copsule and &
somple of gilicone tube with which the capsule wes splinted
to give it & roughly rectongular shope, (ii) Diegvem of a
seglittnl section through the skin cepsula,

0.D.=0.6mm

Wi 1Y)
(1) .- d// /{/l';‘"'u.;\\ \m. .

SKIN CAPSULE + SILICONE TUBE

INTRAPLEURAL
SKIN CAPSULE

Skin
(1)

Silicone tube

35 mm . )
Hair bearing s urface

s SR ¥ LI T »




specimen inside oult so that the haivebearing surface now faced inside;
o picce of soft silicone capillery tube (70 mu long and 0.6 nm extornal
diometer) wos inserted into the capsule o splint 4t and to give it an
gpproximetely rectenguler shope, This odge wes then subured bogethor.
In this menner the heirv-=bearing surfaoe was completely deolatod

{(Fige 9)« o ond the preporatlon the specimen was wrapped in a moist

awab and lald aside.

Lotk Thorecotony and Innlentatlon of She Slkin
2O AL 12 ko

[ e A RS LRt PEERE S
Gepswle dnto the Normel Pleuval Spaog

The r&tsianaaﬁtﬁeﬁisea but neot inbtubsted, wes placed on its
right side on the operabing bable with its head pointing awey from the
seated investigators +the single skin 5u%ugeghaﬂ been removed to re-open
the slkin incision (Figs 10)s The thin latissimue dorsi muscle wes
divided twensverselys By beginning this inelsion from the posterior
edge of the musele, the corvect layer was ldentified reedily when the
shindog aponcuronis of the ereobor spinae muscle was seens The intore
costal musolos were divided in the directlon of thelr fibres down to
but not through the pleuras The seventh or clghth intecrcostel space
wos chosen usuvally and o muscle incision 15+20 mm long %&a adeguates

The capsule of skin wes held ready with a pair of nosqulto
avtory forceps, and at the gighﬁ level of analgesia (l.os the corncel

reflex had just returned) the exposed parietal pleurs was incised and
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Fig# 10

Operatlva Ty"1”ique of Intrapleural Skin GraftIn;; In Hats

All is ready for the thoraootony and ingplantation

of the skin bag, whioh is shown held in a pair of
artery forceps*  The rat, ancestlietised but not
intubated, is placed in the left-chest-up position*
The skin incision has been re-opened and a silk
suture (vdiich appears in all subsequent photographs)
acts as a self-retaining retractor* The instru-
ments used are also shown*  They are, left to right,
a needle, two pairs of dissecting forceps, a scalpel,
a pair of 5* sharp pointed Nelson's scissors, a
needle holder, and a 10 ml syringe*
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nf. 11

Operative technique of intrapleural akin grafting in rats*
The stage of thoraootoqy has been reached*  These diagrams
were drawn from the photographs shown in the next tliree
pages of illustration*

STEPS IN INTRAPLEURAL SKIN GRAFTING

Head
Suture tor
retracting

? — Latlssimus
A. Dors!

Metal retractor
for skin -

1. INTERCOSTAL SPACE EXPOSED 2. IMPLANTING SKIN CAPSULE INTO
PLEURAL SPACE

3, CLOSURE: PERICOSTAL SUTURES IN PLACE

4 CLOSURE FINAL APPEARANCE
NO CHEST DRAIN



the capsule of skin implanted ingide the normal pleurel space. The
first pericostal subure wes ploced in Ghe middle of the incislion snd
tied to control the open pnewmothoraxe. Flguve 1L shows tho essentlal
atops in the operatlon. (Tt was drawn from the photographs shown in
Tigee 12 to 1ha)

T4 usuelly took under 90 seconds to open the perietal pleura,
inplent the skin éapsule ingido the pleuwvel space, and tie the flrst
vitoel pericostal sutures

The chest was then closed corefully in leyers, without dvaluage,
viith two additional intervupted perilcostel sutures and continuous
satures to muscle; 2/0 atraumatic silk on tapor-gul needle was useds
skin wes elosed with interrupted 2/0 pilk. To ond the operation tho
wound wes aproyed with Nobecutane and, the rat, wnow breathing vigorously,

vas reburned into the perspex DOxe
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Operative Technique of Intrapleurel Skin Graftlsw? in Rats

@)

The intercostal
spaces 7-9 are
exposed. A retractor
is In the medial end
of the wound.

(11)

The muscles In the
8th intercostal space
are incised down to
but not through the
parietal pleura.

The dissecting fcreeps«
and scalpel are also
shown.



A3
Operative Teo™migue of Intrapleui”al Skin Grafting: in Rats

(1)

The bag of skin is

being implanted into
the left normal
pleural cavity using
a pair of artery
forceps and
dissecting foi*ogos«

(11)
Closure

The first and vital
pericostal suture has
been placed and tied»
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14

Closure

@)

Two additional
perioostal sutures
have been placed
and tied.

(1i)
The Operation has
Inded

The wound has been
sutured carefully;
interrupted black
silk to skin. The
needle holder and the
pair of dissecting
forceps are also
shown.
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B:  ORSERVATIONS ON TUL CLOSED SKINeLINBD UEMITHORAK

A total of 108 rabs had the operation of intraplewsal slin
grofbing,, Thelr genorel progress was obpeorved ond the oporative
mortality recorded. Three gpecial obseevations were mada:s the skine

2.

Lined homithorex was denongtrated by Xeray czamination and by transverse
sectionsg  tho pressure inside tho caviity was meosured and compared with

the normal pleurel pressure; ond the animals wore welghed once a weeke.

Le Chest Xe-ray lixomination

The rats were divided into three moin groups. In group one
(30 wata), serial chost d-ray £ilms were taken once a week For four weeks.,
The rats were anweslhetlsed on already described and one ml L5 pexr cont
hypeque (Sodium Distrizonte, BJP.) was injected ioto the skin-lined
hemitbhorayx under Zwray control. The transverse dlamebers of the cevities
ware nmeasuraed from the Xeray 3’:‘1.3;:&3 s corvecied for megnilicecion, and

plotted against time..

2o Body Weight

The %0 wots (group onc sobove) and ten unoperated rats were welghed

onee o week Tor Lour veelkss

St
S

HMepgurenents of Pleursl) Pressure: Group Two

ETTIR S TS

The pressures in the pleural cavitics, both the skinelined and
the normal (right) pleura, were moagured with a strain gauge monometer

and rocorder (fmme: S.0. Laboratiries, Type 88 4912 and Type 55 3006)
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One eud of the vigid nylon catheter (L0 cm long and 1.0 mm internal
dioneter) woas comwoted to the manometer ond the othor end fibtteod with
a hypodormic needle (18 gouge) ond both filled with waber. The ncodle
was bhen introduced into the pleureld cavities in the region of the
inforior angle of the scapula. The pressure measurements were made in

15 other rots (group two) ot week four.,

he Other Observationsg

k]

The %0 rats (group one) ob week Ffour were killed and scetlonad
trangvorselys. The 15 rats (growp two) and seven othors weve observed

for up bto eight months o ascerdein their naturel fate.

C:  MAKING A PEOMANENT STOMA THTO THi SKINeLIND
HEMTTHORAK:  OPERATTVE TECHNIQUE

The slf:innlinavfi hemithorex was opened to the extborior and sutured
to skln thercby cwreating a permanent stoma directly through the chest
walls The rot was anaosthetised as before with methoxyflurane except
that envesthesie took longer, 10 to 15 mimutes, Lo induco, and suppleoe
mentory ancestheslio was required; this was provided ufith 251 OpEY mask
gystems The face of the rat was kepbt at the mouth of a small bosken

containing a pilece of absorbent colton wool soaked in methoryfluionc,
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The operavion congipted of the followlng steps, With tho rab
supine a disc of skin (ebout 10 mm in diameter) centred 15 to 20 ma
above and latoral to the xmiphoid proccss wag excised, The pooboral
nmuscles were incised bransverasly to expose the inbercostal spaoos
Lt was observed that they were wider then normal (because of the undep-
lying high pressure cavity), and for the seme reasson the intercostal
museles were strotched ous and thin, The intercostal miscles wero

arefully inclsed with a shoerpwpolnted scalpel (Ho, 11 Swan Horbon hlede
mounted on o Mo, 2 Bard Parker hendle) until the poarlyewhite wall of
the sltinelined cavity was exposed, A disce of this skin, about 5 mm in
diamoter, was exelsed and fluid under pressuvve wos allowod L0 escana.

a7,

Fath Anterrupted 2/0 asraumatic silk on o toper-cul needle, the edges of
the skin lining the cavity were subtured to skin covering the chest woll
to establish skin-te-skin gbtoma. The silicone capillary tubo (with
which tho originol cepsule wes splinted) end the #ilk sutures on the
edges of the capsule weore yemoved. Finally, the hemithorax was
lvpigated with werm water and the animal veturned into its vage.

This operation was performed-on 75 vats (group three), which

consisted of 65 other rals al woek four and ten oub of the 15 fronm

grovp two at weel sixlbeen.
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D:  OBSERVATIONS OF THE SKINeLINED HEMITHORAX
ANTER CREATION OF TIUE PERMANINT STOMA

1s Heray Demonshration

The rats were scresned by Xersys efter oreatlon of the permencnt
stomae (It was observed that thewre wes no poradoxicel respivetion and
that hoth helves of the diephvegm moved normellys.) Chest Xepray £ilms

Viere takene

2e Axtorial pH, PO, ond PCO, wore measured with the Radicmoter
Type BMS/3. The sample was obtained firom the exposed abdominel aorta
in ten rets in which the skinelined hemithorex hed been opaned to
atmogphoric pressure for 24 hours., They were ancasthetised with intras
peritonesl sodium pentobarbitone (2 mg/l00g). Ten unoperated rats wore
used a3 controlss With e hepariniged syringe two to three ml of blood
was withdrawn slowly, care belng taken to exclude air bubbles; the

estimptions were made immediately afterwerds.

5« Hessuroments of Dleursl Progsuro

The presgure in the open skinelined hemithorax was measured in
ton test rats., A nylon connecting plece (30 mm long; internal dlemeter
3.5 mm) was wedged Pirmly into {the stoma to ensure an eirtight £it, and
conmneoted to the manometer; oesopbagesal pressure was nessured simalta-
neously with n second open-ended catheter. The pressures were recordsd

for several minutes.
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he Yolume of the Skinelined Homithorax

Fouy weeks after the intrvepleuwral skin grafting the remaining
15 rats (group four) were killed and the volume of the closed skin-lined
hemithorax measgured divectly by emplying its contents of straw coloursd

Fluid into o gradunted oylindere

5. lMeepurenents of V@mm«aﬁﬂn

The ventilation per minute in the normel and the skiln=lined
hemithoray wes meesured sspearvately. This was poés:i.ma begauss the two
halves of the thoraw now funcgtioned ssinmli;an@omzsly as separate venbtilating
chambers, with the normal homithoran receiving air threugh the tyachea,
and the z}lcﬁ.nmli ined hendlthorax recelving air independently through the
nevly c;amawd op@ning in the cheat walle.

Th.!.:::*w tost 1°at.,, of moan woight 356.8 ¥ 20.1g were uwsed together
with 12 normoal SPY rato of’ mean wolsght 39%..3 & 40Whg o8 conbrols. The
sltin~linoed hemithoraez had been opened to the exterioy for 2h houxse. A
minlature Krogh spirometer was employsd; the maximam capecity of the
alr chamber wes 25 ml. The output signal from the gpirometer, a dipe
placonsnt transducer, was pasped through o transducer converter lnto o
direct current amplifier (Type SE 905) and recorded on en ulira=violeb

rogorder (Type SE 3005). Linear calibration was achieved readily.
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Tracheostony

The rats woro snsesthetised with intraperitonesl pentobarbitone
(2 ma/100g)s A vorticel mid~Lline skin inoision wes made in front of
tho neck. The ret's well developed peir of submandibuler salivary glands
with embedded lymph nedes vers reflected wpwards to sxpose the strap
musoles, and the traches was exposed by separating these muscles in the
mid-lines. The ewposeld btraches was canmulated with a 30 mn long metsl
coonale (M4 gouge) tied fizmly in positions The stoms in the cheat
wall wes Litted with a nylon Qaanaati@n piece, &8s alveady described;
again en aldrtight £1t wap ensuved.

Bofore the tidal elivr was recorded, the rats wewre allowed five
to ten minmates to adept to the tracshanl cannule, The tidel air of the
skinelined hemithorsas é&s vecorded firpt.e Recgordings from the tracheal
cannule were m&d@ continuously for bebween 30-60 seconds, because tho
gypten was cglosed and contained no sgent 0 romove ¢arbon dioxides
Thiree goparate readings vwere made ond the mean accepbed ag the true

tidel alr eand rate of regplrabion.
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(1) Two examples of rats with the akin-lined oavity in the
left pleura outlined with one ml of hypalue#  The X-ray film
on the left was taken at the jnd of one week, the X-ray film
on the right at the end of four weeks; the cavity had
enlarged. From a series of such X-ray films, the transverse
diameter of the oavity was measured, oorreoted for magnifica-
tion, and plotted against time (ii).

(1) (11)

GROWTH OF SKIN-LINED CAVITY
25

20
MEAN

TRANSVERSE

DIAMETER
IN mm.

1 2 3 4
TIME IN WEEKS
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Az THE OPERATLION OF INTRAPLEURAL SKIN GRAFTING

Le  Genowad Progrens

A Yotal of 168 rets had the operation. Although they were
anaestﬁetiae& but not imﬁéhatedg 150 (893 por cent) survived the
orogedure (P £ 0.001), OF theso, 132 (B8 per gent) survived the next

four weeks (P < 0.001),

20 Biga of Covity

The implanted skin capsule enlarged to occupy the left hemithorex
in the »ats. Figure 15(i) shows the chest Xevay £ilum of one rat token
2t the ond of weeks one end four. Table ) pummarises the siges of the
cavities in relation to time in woeks. These results are expressed

grephically in Fig. 15{ii),
Teble 4 (Appendix 2)

Transverss Diamoter (mm) of
Skin=lined Pleural Cavity
(Mﬁ@un £ ﬁyﬁoﬂo)

"M = 350

Week No, L ReassRanesenne 1.9 % 2
2 [ FX NS RN N NN ) l?%g ﬁ 5
3 sUPORBELONIURY 1942 e
Q-ﬂ BooabonbROaORREN 23@1 ﬁ 2



= 66 «

{over)



(1) The rat shown in this photograph had intrapleural skin
grafting four weeks ago. It looks well (weight 320g), the
wound had healed and its hair had regrowni

(11) Chest X-ray films (antero-posterior and lateral films)
of the rat above. The left hemithorax is a skin-lined
cavity outlined with one ml of hypaque;
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Figure 16(i) shows a rat four weeks after the operation of intra-
pleural skin grafting; Fig. I6(ii) its chest X-ray film; and Fig.

I6(111) shows the transverse section through its chest.

F1f:. 16(111)

Transverse section through the chest of the 320g rat.

Fig. 16 (1), showing here the left hemithorax lined with
skin.

~

I0 .20 30 40 50 'QU 70 60 90 100

3. The X-ray Demonstrations of the Cavity Before
and After Creation of the Stoma (Pig. 17).
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rikK. 17

X-ray film of a rat before and after creation of atoma taken
four weeks after intrapleural skin grafting. The X-ray film
on the right shows the skin-lined hemithorax, closed and out-
lined with hyp&She. The X-ray film on the left is the same

cavity open to atmospheric pressure. It is now an open
skin-lined hemithorax.

4 WEEKS r:m
WEEK

Beyond the fourth week, the preparation became stable (Pig# 18).

Fig.-18

X-ray film of a rat

four months after intra-
pleural akin grafting,
showing the left hemi-
thorax, now a akin-lined
cavity, outlined with
hypaque.
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Pigs 19 (Appondix 3)

Thirty vots (group one) wore weighed once & week For four
weeks afbor the operation of intrapleursl gkin grafbing.
The points on the graph represent MNean ¥ 5.0,

WEIGHT OF RATS WITH SKIN-LINED CAVITY

——

290

280

MEAN

WEIGHT
(g.) 270

260

250

240

0 1 2 3 4
WEEK

TIME IN WEEKS
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Twenby=two rats were obeerved beyond four weeks: ten were
uged ab four montbhs for ventiletion studies, five died between slx and

seven months, and seven wore alive et the end of elght nontho.

e Eifect of the Glogaed Slinelined

Plourol Gavity op Body Weiesht

At the end of the first two weeks the unoperated rats gained
significontly wmorve wbight than the test rats. However, beyond the
second woek the test roate woere also thriving (Fipe 19)es Teble 5 shows
the volght galnsd by the two groups, and ‘i:c:aa't;a& of significance bhebween

the Aifforencoss

Table 5 (Appendices 3 and 4)

Woekly Weipght (g) Stotistical (
& e il g 2 5 o A £ o DaF- 3 38)
Week __ Gaineds Moan L Sk, Anplyaes | .
Now Teat Unoparetod
Rats Rats Ve J
(n = 30) (a = 10)
1 T e & 3.8 22,5 % 24 3,08 0. 004"
2 1942 & 245 510 L 2.2 2,62 0,01 2%
3 18,5 % 203 1945 L 2.2 0419k 0. 847"
& 98 % 5el  Lhe§ % 142 00528 04601%

* Slgoificant _ _ * Not significent
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Fig, 20
Traoln”s of Pleural Preaaure from the Skla-llned

Pleural Cavity Before and After Creation
of the Permanent Stotaa in Rate

(1) With the oavity oloaed, the presaure waa above atmoapherlo;
the oharaotoriatio pauao at the end of expiration in the rat is
ahown and, during theae pauaea cardiogehic ocaoillationa were
recorded#

f n Y y A T T I V " Y ”n V A

1 A ¢

(11) After the creaticm of the atoma, the presaure, top trace,
in the akin—-»1lned hemithorax became subatmoapheric#  When
oesophageal pressure, bottom trace, wam recorded simultaneously,
the pleural pressure eaa in phase with and similar in magnitude
to the oesophageal pressure#

+ 5 1 Sec.

cm
-10- .. .
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5, Fleural Prossure Belove and After

Groation of the Stoms

The mesn pressure vas +2.9 H 0.6 on IIRO in the closed gkin-iined
hemithorax (Pigz. 20(1))s However, afber creation of the stoms the
prossure beoamns 2.5 & 0.6 om H,0 (P ¢ 0.001)s With respiration the
prossure in tho open skin-lined eovibty wes subatmogpheric; it was in
phase with cosophagesl pressure end similer to it in megnitude (Pig.

20(i3))e Table 6 shows the mean velues and tho tests of significence

betwnon the GLlferences.

g:&w;%?ﬂ AR SRS (A‘Qll)an&«lﬂ;ﬁ S ") dﬂ? )
Gomparigon of Normal Pleurel Pregsure with the
Progaure an the slicinslined Hemdthoras:
et 'Lesz cmmsz on_of “'km 3 bv;,sm in Rm:ea

Pressure (om Eigﬂ) Hoon & SaK.Ma

Jnd of End of Mean

Expliration Inspiration Px POBEUTe

aan] 127 o - . ) )
N?.z.}mimi% ..).eam 1 whaln B 042 wBe7 L Ve w307t 042
Slelne=linod 4 P P
Hemd thovasx Le? % 046 o7 = Lol ~2a5 = 0.6

(n = 158)
Statistical T = 7e22 T = 04704 T a 1a59
Analyses '

(DeFe = 23) P ¢ 0,001 P = 0.489" P = 0,126

R AT

& Sipnificant * Wot signlficent
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Table 7 {Appendixz 8)

e a 3 enyyyde o X o wSy o -
‘ ggggagiaonmgf.Venlegt§qu%n the Normnd
Hemithorox and in the sSkinelined lemithornx

Hean ® S.5.H.

. Minute
Vcild?gl) Ventiletion
m)./ke/min

Normald Henithorasx 1.68 £ 0,04 5061 5 3642
Skin=lined & s B
Hemithorax 0.93 2 0406 27046 = 2ok
Stebistical ik = QW6 = 8498
Anelyses _ ‘
DPe = 29 P & 0.001% ¢ 0,001%

#* Sigmificant
N = 303 DBody Weight = 3556.853 Mean vate of respiration & 98.5/min
3 P

Flge 21

Spirometric tracings from o wat (320g) (1) from thé tracheal
conoula end (i1) from the cannula fitted bo the stome in the
akin~lined hemlithorax.
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6o The Skinelined Hemitliovex as an
Open Ventilated Gas Gavity

(1) Spivometry

functionally, the skin-Lined ploure wag an open ventilated gas
gavity. Tigure 21 shows the spivometric bracings from o test rate
in ﬁhéé@ vabs the two halves of the chest functidned as separate venbie
lating chambers, with the normal (wight) half veceiving air from the
:traehea and the left skin~lined half receiving aiv independently from an
opening In the chest walles Two ventilation variables measured were
tidal volume and rate of respiration, The mimnbte=ventilation end henco
the minvtesventilation per kilogrem of body weight were caleulated from
the resultss The four gebs of values oblalned were compared az follows,.
Ventilation in the skinelined hemithorax wes compared with the.nornel
right lung, which in burn won comperod with that of unopereted raitg.

In the test rabts the mesn tidal volume in the normel hemlbhorex
was Le? L 040L ml ap couwpared with 09 1 0,07 ml in the skinelined
hemithorex; ond the r@speaﬁiva'minut@nventﬁlazionﬁl(tidal,valama % reate
Qf'w&ﬁpiratimm) wore 506.1 & 3642 ml/ﬁa/min end 271e6 % 2hek vl/kg/ming
the §ifferences are significent (Pable 7).

The rete of respiration in the unoperated rats (78/min) was
slover than the 9845/ /min in.the‘%est rats, and their wrespoctive tidal

volumes were 1.9 ml and 1«7 ml. The differcnces ave significant (Table 8).
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However, the minute~ventilation in the unoperated rats (407 & 5045
m)/ka/min) was not significently different from the velus obtained for

the normel hemithorsz in the test mats (Teble 8).

Table 8 (Appendices 8 and 9)

Gomparison of Ventilation in Unoperated Hals and

in the Normal Hemithorasx of Test Rots

24

Moon & SelMo

Rate of - s vk Minuto
Regpivation in“‘a&&l) W‘E’l‘f‘fh v Ventilation
per min : & wl,/keg/min

Ree (o) 7641 % 5.3 Lo9h k0512 393 b kO hOTJO & 504k
Howmad, : : : . : : .
Hemithorax 98,5 L hed  1.68 L 0.0L 356,88 % 20,11 B506,1 L 36,2

Test Rats (30)

ek

Statisbical P o 2.96 & 2459 = 0a923 = LeBl
Analyses . — .
(DoFo = 40) P s 0a005% e 0a0LF" = 0,3617 = 041397

* Significant " Not significent
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(i1) Artevial pH. PO. ond PGO

hor e 2
The meons of the arterial pH, PD nd and P&O in the test rats

vore similar to those in the unoperatbed rats (Table 9).

Table 9 (Appendices 10 and 11)

E Sl Aol Nad R E Tl

Comparison Bebween Arterial wll, m@%&qaﬂ PG, AR

LS Ml & TPy

Unoperated Rabte end in Togh Rate v

- . ]

N x&{‘;‘&ﬂ B BB,

it FGQ ?GOQ

mm Hg

mm Hg

Unoperated
Rats (10)

Teat Nats

(:m)

7‘.‘5‘11*9 '.I; 0'03.5

74355 L 04017

80,18 4 2a77

e

77403 & 2465

-

38e2% & Os9h

38:&-1. i 2.1%*1

Statistical

Analyses
(DuFa = 18)

=
&

0.253

Lae
Y

0e799"

Ee Qa 822

i

0 QZ§-2 2“

= O- 9)'}»84'

* Not sigpificant

(iis Volume of the Slcinelined Hemithorex

bamf ?@aha after intreplouvel skin grefting the mesn voluig of
the skineiined hemithorax wag 7«4 5 0.3 wl in rats of mean welght

20843 & 9¢ (Appendiz 12)
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RISCUSBLON OF THL ﬁBGV? RTS&&TS

BRI Ml‘t‘ ohze
R“P‘\ﬁlﬁ‘ﬁ;‘l =

The experiments described above have confirmed the rationale
behind the approach omployed in this studys

To veogpltulate, thin aubogonous skin was subured into closed
gopoules and implanted inbo the normal ledt pleural space of 150 SPF ratls
of which 132 survived the next Pour weeks. The skin graft "took' on
the surrounding structures, formed a closed cavity in which fluld acounme
lated, and the cavity oxpended to dlaplace the ipﬁil&t@&&l lung
(Figse 15%18)s  The left hemithorax could be trensformed into o closed
postpneunonectony skin~lined cavity in most SPF rats (88 per centj
P ¢ 0500L)s

The greatest change in the size of {the skinelined cavity occurred
between the fivst and seoond weeka (Plge 15(121)), and by the end of the
second week the vavity was alveady ogoupying the left hemithorax
Thereafter the rats thrived and the size of the cavity kept pace with
thelr vatural growth {Figss 16(34), 16{3i), 18, and 19). This suggests
that there was no advantage in observing the rats much beyénd two weeks,

The mean pressure in the closed skin-lined hemithorax was
+249 % 056 om Hgﬁg it was sigonificently highewe than the mean pleural
preasure of =34 % 04 om HEQ in the normel xat (P << 04001)e The

ipsilatersl lung undoxrwent compression atrophy (Filg. 16(314)).
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Tn 59 out of 75 vats (787 per cent) the skin-lined hewithorex
wos opened successfully to the exborxrdor ond the opening was sutursd to
akin (P < 0,00L)s After crestion of tho permanent stome, the mean

pressure in the skin-lined hemithorax was ~R«5 & 046 eom H,0, and with

2
regpiration WA in pheas with oesophagesal prossure and similar o 4t in
megnitude (P = Q.d; Table 6 ond Fige 20(31)).

In rota with o skin-lined hemithorax, thevefore, the two halves
of the ohest behaved as sepavete ventileting cavities in phase. The
nornal hemithorax received alr normally through the traches and the
skin~Lined hemithovax reoeived aly from an ind@p@néﬁnt‘apeniﬂg diveotly
through the ohest wall,

In this investigation the results obtained for the mean tidal
volume (1.9 ml) and the mean rate of respiration (78/min) for unoparatod
rats agreed closely with thome reported by othors (Crosfill and Widdi-
combe 1961, King 1966, Bimns et el 1971, and Melntyre 1971). Theorefore,
the resulta obtained for the test ety might be compared with those for
the unoperated robs, since the experimental conditions were identical.

The test rats breathed significently more rapidly than nowmel
robs (P = 0.005) and there was also o significent &ifference between
their tidal volumes (P = 0,01)e However, there was no significant

difference between their minute-ventilations (P = 0.1; Table 8).




This suggested thalt the test rats achieved normal ventilatlon by moang
of a compensatory inoresse in the rate of respilrations

King and Bell (1966)‘f$una the meon arterial oxygenation in 35
normal SPF rats was 89,3 # 2,9 S.D. and they commented also on the
well=known 3ifficulty in obtaining arterial blood gamples from unanoege
thetised rats. In this study, the test rais maintained pormsl arterdial
P, POQ? and PﬁQQ = o further indication that, under basal cegﬁiﬁionap
the regpirvation was adequate in the lung on the opposite gides

The volume of the skin-lined hemithorvax (7.4 ml) was a direct
megsure of the tobal copacity of the cavity as a ventilating chamber
in 298g vrats; 4t compared with the funotion<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>