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prosoure

alveoil snd
visuslize how this orocedy
will pesull in Janw

e, noe melter how often roeposted,

g8 bo alvenler walls aince one

groivatory nusoles vbich sre oresting the lavpesos Iin Lt
7% is possible that this

| of the lung snd seeondan |
Lossehze {3} ?‘z&i&ﬁ%@ﬂ that the discase way bo browhd




sensistently than pertisl cbatruction to either

alome or both, Brill et 8l, (11) showe
and an iscrease in sisze of the chest, It has boen
patients suffering from asthmatis atbacks th

bafere or alfter the
digtonsdion slowly

Plesural pressurs is move negebive than

paroxyem (8}, wé that the pulmonary

dagrsuses aftor an atbask {12),
here ars &

number of sszes of empl

such a8 kyphosis., Avothor greus includes the Pamilisl sases
whieh way develop in cuildbocd and alse the infentile type

gy has beon atbributed to & congenital defect
in slastle tissue slement of the lung,

sontroversy exists vet ouly as to
sa bul alee a8 to the mechanise
oty The fellure of the emphysomy
v he morten &8 well es
the sppearince of strophiled stroms have W@%&é that the
elastie timsue cloment

ished, Detalled studiss of pulecowm
moptem by wessuring the %‘fz&m@ reguired to inflste and deflate |
the lung bave given cenflisting results in ewpbysema (13, 14,
ments hes besn

ry wlestisity at post-

18}, aud the significunce of post-worien messurs




seriocusly guestioned, The pleural pressure has been shown
to flustuate eround

in emphysema (16,
inges have been demonstrated In
experimental emphysema (20), This has led to the suggestion
that the clastlelity of the lungs may be lost at 4
aéa‘zig sbage of this disesse (20), |
tor ot al {21) bave recently pointed out that
physema, snd

somperatively

thers is an incressed viscvus resistance in em P
Hellroy and “hristle (22) de tem lunge
thet this was due anges in the lungs and net to bronehial '
cbatrustion, They have suggested that vhat has been salled

1e8s of a};mﬁaﬁm in the pest is lsrgely an incresse in fissue

viseons resistance, Ihis increzse in tissue viasgous resistance
dose not however umean there 1z no loss of elastisity, Christis
{17} and sthers i&ﬁs, 18, 19) bhave coneclusively demeonstrated thas
& definite leoss of elsaticity dess cocur so thet the pleural
pressure fluctuates around stmcspherie pressure,

it would appesr that the loss of elestisity in pulmcnery
enphysons rosults either & the basie defect in this discase op
5y be it in the bromehi,
spine, rospivatery muscles, or &*&%&m Christie (23] belleves
that the major Tester in the development is bronchial obstrustion,
due &c elither brenchisl cedama briction
- or congestion, whieh leads o inoreased resplrstory resistance,
e states thet as emphbysens develops 1w men there is at first an
inersased negative inteapleursl pressure during inspiration end
ing gxpirstion, However

secondary te other lesions ¢lsewher

¢ Becretions, musoular cens

& mere positive intrapleural prassure dur
] bma 1% has never been




soughing, bullding up of & high positive ; :

follewed by its sudden relesse, will incresse the atress end
strain en slveclar walls, pertisulsrly im the chronie brenehitie,
in time produsing the degenersative changes and loss of elastielty
chapacteristic of ewphysems. It is difficult So visuslize how
the tussive force ;@w&mgﬁ by the expliratory zuscles cap result

in any demege to slveolsr walls sinee the pressure on elther

side of the elvecler wall should be squal. 1§ is possible how=
aver that m the presence of ﬁw%ﬁw;mm@ the repeated degp
inspirations precesding the cough may be follewed by Wfﬁa&m%
expiration dus to the relative weakne
and brenchial constrietion. The Inoreased stress snd strain, if
sny g@mm,; is on the explretory muscles snd this might edd te

sz of the expivatory muscles

the relative weakness of the musclen for expiration,

in those cases which dovelop as & result of bremchial
sbatruction pulmenery distensicn vesulis due to the relative
imess of the sxpliratory muscless If this distension persists
over & long pevicd of time or Ls vepeuted over and

over Szein &

less of retrastile power or the loss of pulmenery elsastieity
will resuit, 4n irreversible mhy seme will now develep. Jhe
spherie pressuwre, the
ehest will sssume an inspir itory pesitlon with diminished exe
est cuge and dlapbvege with assogliated alier-
volumes,

eursion of the oh




FATHOLOGY

At postmorten the most appavent finding is volusineus
lungs whish do net eollapse, 7The heert is vhecursd by ovare

_ lying dilsted lung mevgins, The pleural surfsces ars siretehed,
Bullse dus to

#mocth snd shiny snd adhesions sre common,

 weseloulsr emphyseme within the luw
Fupture of slvecll Immsdiastoly benesth the pleurs with separ-

ation of the plevra from eenbigucous slveolsr wells are present

the msrgine,
1la w11l sause 1t to empiy into & bronchus smd

most axtensively st the lung aplices and aleng

Pragrure on & by
eollspee while pressure on « bleb will caly causs it to shifé
postiion, Tocelizetion of anphysema %o cne lung end even to one
iobe smn oeour,

Hieroseopic exzeninabion revesls thin slvscler walls and
dilated, stretched and even ragﬁﬁﬁwé,%§$&§lig In the sarly
steges the poslition of the <ileted alvesll is aleng the mein

the interiobul

bronchl and the superiuwy surfages of &y gepba,

woa dlsbarted and sawstines

he lung lobuls or sireass bepsow
distended (24,6), Az the slvsoler wells beseme thin snd élsge

appear, the alr ssos ooy less thelr honeveosd strueture snd so
be doryived of ﬁ%@?ﬁ?@%ﬁﬁ/f??iﬁﬁ¥%ﬁ¥ Logs of elestis tlssue ey
be dememstrated by elastic tissue stains, The air sess of &
lebule may be fused together with ne definite uniforsiiy of
shape 1n contrest te the nowm

w1l grepeslike appearante, As
chiiteration of the
pulmonary vescular bed and the cepillepies sre often narrowed

eophyeens progresees there is gredusi

and veolinded,



minal brenchicles and &1@@&&;@ &u%& GPe
dileted and funmeleshaped so that alr no longer enters ihe
strive as ¢ Jot (84}, The lusen of the bronehi shew varicus
‘he smeller bronehi may be d1lated and srodues a

chenges,
pieture resembling eylindricsl brenchisetasis, or they may e
be chiiterated by chrenic Inflemsatory tissus, Toe state of
the medius and lerge bronchi 1is very varieble and depends on
the degree of associsted bronebidis, Ercnchisl m
trophy and narrewing have boen found om ggé“wmaimgmé
atrophy and dilstien on snotherS |

The lesion sxtends ghout the lung ﬁ%ﬁmﬁgh dilation
of alr sace is xmost consplowcus at the perivhery,
istic changes cubslc lung heve been deseribed. The
visgeral plewra is thin, fimey sud atrephle. There is ususlly

vhosis, invelving all the %wmig Vo

susele hypope

p A sy

& moderate degres of Ly
tobrss. 'The vertebrsl cartilsge may be thin end eompyegsed |
antericrly end thers mey be lipping, fThe ribs sve widely spaced
31%@%@@ snd less elastle (6},
ima 28 & whole sontain mope
wally at the end of expiretion, this never
ﬁwzmw to more than the inerease in size @f & poprmal m&m&@aﬁl s
hen be btekes a bresth of moderste ﬁw%z (1%, 28}, A%
p@m@wﬁm these lungs seem to be

#6d run horigpontally or beacme

ue shiefly to destruction of slvecler walls and fusion of
iy ppaces,

from & variety of causes nd

in whieh the pathelegle findings are very varisble, ‘These



than net show no correlation with the

findings weve often
severity of the clinical menifestaiions, Therefore in rezeat

yosrs greeter cmphas
the physicleglc disturbances resulting from emphysema, BSaldwin -
et a1 (25) divided patients inte four differemt groups, and | S
Judged the severity of the disecsse by the erterial mm& dew

is bes boer placed on the evalusbien of

eaburaiion, the presence or shasenecs of carbon &zméa retention
st pest and after &x@w&s@; and by the develupment of right |
hesrt rallure, Although they found an increased residuel

wliuse total lung cepacidy m%% ie most of the pabients, the

wean ratic wes sround B0F in &1l grouvs despite the fact that

thelr patients varied from moderste to very severe emphyseme
Also some of the most disabled patients had almost noresl raties
while pume of the mildest ecases hed the highest residusl velums,
w@ govd correlation betweon the severity of climiesl

menifestations and ;ﬁye&sm&ﬁ@mﬁ}; weaspwrenents is 25111 not

;@hy,ssm&a}gm disturbences resulting fros emphysems, These may

be dealt with from the standpoint of 1) the mechanics of respiration,
2} lunz volumes 3) the distribution of alr end hl&mi in the lungs
and %&ﬁ exchanige end 4) the role of carbon dlcxide

the reguletion of vespiration,

MHCHANICS OF RESPIRATION

tne of the prime causes of impaived funetion in
sens 18 the loss or fregmentation of pulscnery olastle

tissuse, In the normsl yesting positien of the chest, the forces




of the cheat wall tending to expand the lunmg are iz aguilibrius
with the elestic forces of the lung which tend to deflate 1%,

Az the lops «f glasticlty in emphyseme progressss, ithe lubgs
axert & reduced traction on the shest wall ze that the vesting
position resembles that of & moderate inmspiration. Purthormore,
the reduction of lung elasticity results in en insuffisient
storage of elastic energy during my%mkim to meet the needs
t the lungs can ne longer deflate by the

of ﬁﬁmﬂ&* so tha

mal proosss of passive elsetle recoll but heve to be

by active expiratory effort.
ilaphragn, which is & =musele of inspiration is
gradually displeced downwsrd by the mgmm%ﬁ mm%wmia
& rises to sbout stwospheris
rment of sontraetility so
1imited, The position of
ent might possibly be
prevented by inereasing the intra-abdomingl prossure, using
the sbdominal muscles, but the abdemen in |
be relssed and pondulous,
ihe rivs sepsrabte snd the levaters of the ribs are dige

torted anc impaived in obstruckive emphyssme (8}, The intersostel
ned with moderate imspiration ars unsble
to perdore their proper Dunciion, Singe the chest ls alrsady

when 1n: siration begins the sccessory suscles bhave o
be used Lo expand the chest further, The pectorsis parficularly
ars brought into play end these raise the fromt of the chest in &

5 ;:«?%év.

pressure & the intrapleursl pressur

preseurs, thers iz subssguent lmpal

that its sotion beoome: noPs snd more

icnger functicn, UYhis downward displaces

see soenbraotion Bay e reache

emphysens 1l apt e

muscles whickh are concen




theavine manmer', 43 they expand the chest the disphragn may
even asesnd paredoxicslly. A&lsc, sines expirstion now requires

sctive musoular effort, assistence from the sccessory musecles of

sxpirgtion is again required., Incoordination of the muscles of

respiration ls not uncemscn in this disesse (26), the accessory

muscles of inspiration ascmetices remaining contracted even after
sxpivation has begun,

LUBG voLUuES

As & result of the chronic hyverinflation the total lung
volume way become slightly larger then normel, bubt mest striking
is the Inecresse in residusl sir end midespasity, & reflectien of
the aﬁwm%amsm& inabili ‘here is &
ding deerease in the vital capscity. Definite deviations
in size, shave and exvension of the chest glve rise to the in-
sresscd antere-pesterior diameter and the barreleshaped chest,
Since the retrastile power of the lungs is yodused, the lung
distends until the trection of the thorseie wall in the resting Ai‘-'f{f}i:f
position is in equilibrium with the pleural presswre. The level
of the functional residual capecity or end of normel expirstion

thus imeresses until the pleursl pressurs sprros

2

prossurs

Hewever, these changes in lumg volumes ers determined

static messurements and do not reflset the
be present, Although an slevation of the retic of residusl volume

to total lung cupaecity is present in slmost every case of Smphys
are 18 only & falr correlation botween this ratic end the




- elinical severity of the disease, &Alterstions

in jung velumes

sre the regult of bronchisl end elastic tissue factors snd

gonstitute only & pert of the pieture, Thers may be gres

- wveristions in the functionsl residual capacliy in the sume
pationt within & short pericd of time especially when there =
hospasn or bremchitis, The

prezence of blebs, bullas and zir oysta which comma
or not &t all with the trachecbronehial tree are inaccessibdle
to physiclogle megurement. Thus in some cases the ebvicusly
hyperinflated chest may be found to bave & very reduced tetal

have beeon exacerbations of brenc

nisate poorly

lung cepacity.

of wreathing end
in breathing reserve, The bresthing reserve iz the &&fﬁ‘@mw
betueen the ventllsticen and imum breathing cepseity. The
@ﬁ@% ol dyvepnos segms Le sems sxtent to depend on the relatione

urbanses in mochanics

the slterstions in lung volumes i3 reduction

ship of the ventilstion under the conditions teinmg studisd to the
meximus breathing capscity or what the chest bellows iz capable

of doing (27). nes in empbiysemutous subjects has been
¢#lalmed to be due chlefly to redustion in the maximum breathing
sapaelty and 1s ususlly sxperdonced when the breathisg reserve
is less then 60-70% of the maximum breathing capseity.

TER LUNGE ABD GAS EXCHANGE

In the normal subject abeut 1/3 te 14 of the inspived
 air éw& not puss beyond the snstomicel desd space and therefere
tukes no aimfim% part in gos sxohange. Efficient distribubion
of inspired air to 8ll alvecler spaces depends ,mx?g%xg on even




distribution of expsnsion in the lung shish In turn depends
on the fact that the slastleity of the heslthy lung iz nearly
uniform, ¥%ith loss of slsstieity the ezpanding
longer distributed equelly and sgusl expansion in different
parts of the lung does net coocur, the emphysemstous lung dis-
tsnding in parts but not in others when stretehed, This leads
to an exesedingly umeven end ineffislent dlstribution ef in-
‘eurnend ot al (28, 29) showed that the alveclar

foree is neo

spived siv,

of many a}fwwiii and alr spuces, lduny cther investiw

snstrated gross
izing in emphysematous subjects,

The bleod supply te alveoll 4s also sgually distributed
in the normal individusl, 1% bes not beon demcns
that there is uneven distribution of blood in emphysems
recently develcped Injection studies of the pu
: onery elreulstion during
rest and exerclze suggest that eireviation as well asz sip
distribution 1s uneven In the emphysematous lung (38).
Imbaianee in slveslar ventilationwperfusion relatione
sﬁiz&# is & ¢heractepristic feature in @
we (38, 59, 40, €1, 48), Danuge

vessels and heemodypemie sbudies of pulmoner

iphysoma and & major

cause of delsctive ges exch
aiveoli which owing

ventilated at the expense of aivecl! which sre relatively noveal,

This ventilation of underperfused lung btissue means that en




abnopmally lavge proportion of inspired aly takos no part

in the removal of eerbon dloxide or cxysenation of the blecd
and will tYhus have the same effect &z an ineressed dead spage.
he bleod that perfuses these poorly vascularized, overs

vantilated slvecli becomes
cossively depleted of carbon dioxide but the quantity of blood
flew 15 so smell thet the total gas exchange in these &lveoli

slight and & greater than normal burden falls on other
alvesli., Adequate carbon dioxide elimination in the presence
of exsessive ventilation of underperfused slveoli enly occurs
when the normelly perfused slvecli are hyperventilsted (48),
Lerger ventilutory volumes will thus be neczssary for any
sdditionel effort and this extrs demand on the petient will be
4iffieuls o deal with in the presence ¢of & reduced m@%&am
sspaeity,

Forfusion of alveoli that are poorly ventilated remults
in artorisl snoxis as well ss & tendenecy towards cavben dlonide
exygon is added or carbon dloxide
removed from these alveocll, Carbon dicxide retention m’g net
pocur if sufficlent hyperventiletion of remsining well ventilated,
woll perfused slvecli oscurs, but arterisl ancxis camnot be

fully oxygzenated and probably exe

retention becsuse not encugh

correctsd to any significent degree by hyperventilation of
normal alvesli, |

The capasity of oxygen teo diffuse seross the slvecler
eapillapy membrane is alsc often foumd Lo be rodused in
emphysoms whon measursd by the Hiley method i%l};- By snalysis
of the alvsolar~arterial oxygen

of inspired oxygen scncentration the diffusion charisteristics



me 1 sstimeted, The reduced oxygen &iffusinmg
gapacity in ecophysems ls Q%é%ﬁ%ly dus to s redushicn i the
size of the totsl pulmensry vasculer bed (43),

The venitllstory capsclty determines in large wsasure

shenisme vhich zerve Yo sunpensats fopy

the sdscusey of the me
the digsordeved pulmonery gas onchange. In the early shages
ef the disease the ability of the lumgs %&vﬁl*'ﬁjaﬁﬁ carbon
dicxides probebly becomes ipefficient only whon the demands 1

“%gﬁ.ﬁr@~%ﬁﬁ%ﬁﬁﬁﬁé by szarelie. :

gasewus exel

gireoumstanges the slevated cerbon diczide teunsien
seldity of the blood tend o malke the patient dyspneie (44).

- insufficient

As the disesse progreascs gasecus exchange mey becone

sven when the patlent is at rest and the caypon saturation in

- gevere dases may 8311 s low ag 60 o T00.

THE BOLE OF CARBOR DIoXzipg HEGULATION OF BEESPIRaTIGH

i g

Tt hes been shown that the emphysematous subjleet dose
not vespond to the inbalation of carbon dicxide by &
incresse in ventllatlon (48, 46, 47). Cesss of emphysema with
fmpairment of hemc-respivabory exch
aselimetization to highs
' rventilate velunterily snd lower their
furtado 2% 811 (49, 50) have demcnstrated
y ventilaticn during

ange weay bave developed some

r progoures of ¢
are unable o hype
arterial pl0s (47, 48).
sn inebility %o inevease the pulmoner

axereing,
If, due %o the ventilateory disebility, there is o lag
in carbon diexide excretion on each cepasion that these patlients

sxercise there will bs s tendenecy for the partisl pressurs of



garbon dlowide te rise, If this 12 fncreusingly bulfered &

ted gaseous aclideais w11l resmult, The incressed

Sompensa

buffering will ¢suse loss inorsase in H lon concentration snd
the respiratory stimulation by & fixed mecunt of carbon dioxide
will be diminighed,

Under sertein clromssiences sxcessive levels of earbon
dioxide have & narecbic sctlen and sctually dspraess ventilation
(B, 82, the inhalablon of 10,458 002 for 5-4 pinutes has
resulbed in stuper in normel men (63), while slightly high
levels have been used as an &ﬂ%&ﬁ@%ﬁ%&% asgent (B4}, The
peasibliliity of acelimebizabion of the rvespirstory cemter to high
carbon dioxide tsnsions has been sugpested (85, Schefer (68)

ide envivoment in norusl

has sheserved adaptation fo & carbon dicx
@ﬁ%ﬁ&%%ﬁ and noted & diminution of sensitivity of the respivatory
senter, while Obis (57) noted an elevated pio2 end diminished \
response to carben dioxide after exposure to 3% 002 for 8 days.

Changes lo respivatory response to ssrbon dlozide after normsl ‘
gabjecta bad been overbreasthsd in & bedy respirator have been v
demonstrated (58), It has therefors bsen postulated that the
regpiratory nechanisn .
pU0Z level by changes in the sensitivity of the respirvatery center
of such a 4 . e,
carbon diexide tenaien,

A 1ikely fector In the retention of carbon dioxide in

adopte itself to prolonged disturbances of

sgree se to restore & nermal

pationts with pulsonary emphysesme is the presence of bronghicler
ebatruction due olither Lo bronchospasm o the presence of thiek

viseld bronghisl secretions. Proctor et sl (21) have slmulated




. tension which will cewse & promyt ineresse in pulm

the pnsumctachographic pattern of emvhysems by introducing

an cbatruetion to respirstion in normal subjects. Davies,
Bsldane snd Friestley (89, 60) and cthers (61, 62, 63, &4)
have demonstrated ancxle and s rilse in slveolar curbon 4ie
oxide tension during the pericd of obstructive dyspnes.

The added ineult of ancxla plays &n impertant rols
in these patients, In the normel individusl respirstion is
primerily under the econtrol of the medullary respiratory
center, The sctiviby of this cenmter is sontrelled by the
carbon dioxide tension and pE of the srteriasl bYlood.: & pige
in C02 temsion or & 311 in pE resulis in immedisbe stimulstion

of this center o ineressge %&a'mﬁﬁmﬁe yentilation and blow off

sxesss cerbon dloxide, In eontrast, the @ﬁ%i&%ﬁ?al ¢hemo-
sarobid and asertic bodies sre relutively in-
dioxide temelem,

regeptors in the
sengitive to changes in arbterisl pH or carbon
but sre remarkubly sensitive to uny lowering of srterisl oxygen

sonary ventil-
ation.,

“hen the medullary respiratory center loses its abiliby
to respond to sxcessive levels of cerbon dicxides in emphyve
there will be & diminutien in the pulmorary ventilation, This

will result im & fall of arterial oxygen tensicn snd subseguent
gtisulation of the perichersl chemor
now become the prineipsl regulsters of the respirstory drive snd
snoxla the primery stimulus (46}. Yhen the arterial oxygen
saturation is raised by the adminfstration of cxygen bthe porie
pheral
in pulmenary minute ventilastlon will teke place,

saepbtors,. These ceniers

chemoreceplors are no longer stimulated end s diminution



Hosse (65) first described 2 depressiocn of respiration
dering the sdwinistration of oxygen %o animsls snesthotized with
merphine and chlersal, Under seritaln sumditions of respirvatory

|  depression oxygen sdministration may further depress respivation
| :m& even lead to spnes and resviratory failure (88}],

The pulmensry ventilatien often decresses during the
administration of oxygen to patients with pulmonary and cerdise
disease {67, 68, 69, 70, 71, 72). 4 rise in arterial ssmrben
dioxide was shown Yo tske plase &8s & result of oxygen therapy
m cases with impaired diffusion @r Wg&m %’3 Barach (93) end
Richards and Bar
~ of base and elimination of ehlorides generally theugh not always

ach {74}« In thelr ceses compensstory retention

awmgfmim respiratory scldosis., Simes then respirvatory seldesis
with iw%i
 therapy have been reported by Denald {(75), Uemroe et 8l (76) and
{77} chserved thet breathing oxygen

enal and comatose stabes as & conpoguende of oxygen

others, Davies and EaeKinnen

cauged & rise in cersbrowspinael Fluild pressure in coy pulmenale
and Simpsen (78) showsd
the same .

: dena &hwgh %&m mmwim ef Mm ﬁaw&.@z&w
ment ﬁ.s uneeptain, ﬁw&m 8% 2l heve ztated that o program of
graded increase of oxygen aduinistration will prevent the 111
effocts of oxygen by allowing the body to compens
gradual scoumulation of carbon fiimm&, thus preventing the
development of acidesis (72, 78, 7e, 80},

AUNBARY

Chronic pulmonary emphysema results in marked disturb-

ances in the mechanies of regpirstion, lumg volume measurements s



the distribution of air and bleed in the lungs and gas exchange,
and m@mﬁ%i% of pespirstion, 4s the disesse is 4ifficult to
£11 understood, attention in recsnt

prevent and the etiology
¥oars has been directed btowarde correeting the functionsl

disturbaness that result in pulmonary emphysema, nemely the
problem of respiratory ascidesis. It is the menagement of this
problem which will be dealt with in the study to be reported,
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THTRODUCTICR

An elevated avriterial carbon dioxids tension is
not imaég&mﬁy found in pationts with pulmonary smphysenms, -
Donald and Christle (1) and ¥ilson ot al (2) have shown that
such pationts are unable to lower their arterial pllg
significantly by veluntary hypspventilatien, This wechenical
defect in the sonirol of blood carben dioxide tension makes
these patients particularly susceptible te the development
of pespiratory scidosis, in asscelabed event ia a deprezsiom
of the ventilabery response Lo immgma of carbon dloxide
tension so that anoxic stimulatien of the verotid and acvtie
bodies becomes the priwe stimulus for breathing (3). Yhen
oxygen therapy is instituted im an stbempt be alleviate the

snoxia, the obviously distressed syanotie patient may becoms
slmost apneie, dvowsy end even comebess, This poses a diffieult
thepapeutic problem, '

The ismediate objeet of the therapy in sush patients
is S0 provide an sdequate lung ventilatien which will overecns
the sncxia and inorease the elimineticn of cerbon dicxlde.

Gften some wechanical sid to respivation is urgently required,
Elactrephrenis reapiraiion '(&.gﬁ,} and mechanieal reapirators.

 using intermittent pesitive pressure breathing applled te the ii:iiiif_:f—
uppey airway (&) or éa apriied in the convenilomal tamk

pagpirater (7,8) heve been recommended ss & adjunet to therapy

leter attachment te the

in vespiratory acidosis, As the exsuf
anls posvirator has been shown to effegtively reverse dlsturbed




alveeler goses resulbting frem obstructed broathing (8)

it was of interest te determine 1ts affest in pulmonary
suphysens., |
The purtoss of this paner iz to present the effest
of the mechaniecal exsufflstor on pespiratery ges exchange o
monery smphysema, te sempare ita effect to
that of the conveniionsl tank mwﬁw&%@; and to describe
their combined use in the Hreatme
emphysematous patient who developed respiratory scidosls,

nt of & geversly 111




METEGDS

Mechenical exsuffistion, devised as & mesns of
eliminating bronchial secretions in pationts with an
ineffective sough (10, 11) is accomplished In & convens
tionel tenk vespivetor by producing 5 negative intratank
prossure of 40 ma,Hg, for inflatien of the lungs, and, by

‘means of & swilftly opening bubterfly velve, returnin
pheric in 0,06 scoonds,

the intratank pressure to atmos
Expiration therefore, in eontrast to thaé in other forms.
of intermitsent pressurs breathing, is not im
for the initisl 0.06 seconds, Expiratory velume Tlow
rates measuring 60§ of the rates cbtained during waximally
vigorous coughs in normal scbjeets have been sttained by
thls procedure {(12). |

In the present %ﬁéﬁ the exsufflaier was ¢yeled ¢
timen a wminy
ever & 2 second period, thus allowing 4.6 seconds for ox-
piration, The cbservabions on the effest of the conventional
tank respirator were made using en Emersoh respirater eysled
17 times & winute with & pressure range of ~20 to 48am,
water, the time of inspiraticn and explraticn belng aporox~
to *oreathe

peded except

te: The Inspirstory pressure was bullld up

imately egual, Zach patient wes instructed
with! the apperatus being used.
Studies wers made on 15 sases of dhwonle pulmomer




obtain a resting level all reelined in a cenventional
tank respirater for 30 minutes befors any experiment was
begun, The exsufflabor was atbtached to the respirator so

that elther apparatus could be used and followed immed-

iately by the other, \

In order to determine the effect of these proce-
dures and of the administration of Qxygen; pulmonary
ventilation was measured on & Benedict~hoth respirometoer.
~ Arterial bleood samples weve drawn by means of an indwelling
Cournend needle and the ?&n Slyke-Neill vechnique was used
féﬁ the determination of their oxygen sonteni and eapéaiﬁg
and carbon dioxide content (5). The arterial pH was deter-
mined by glass electrode at 379C, without exposure to alr
on & Beckmen pH meter and the carbon dloxide bension was

derived by the Honderson~Hassslbach equatien,




RESULTS

In four patlents with emphysema the effect of
the exsufflator was compared to that of the conventional
tank respirator. In case 1, 30 minutes of exsufflation
were followed immediately by 60 minutes of respirater
treatment. This procedure was reversed in case 2 and

broken inte twoe parts in cases 3 and 4, the pabients

regeiving exsufflation for 5@ minutes one day and respirator
treatment fem 60 minutes the next.

ﬁze effect of these two pmaeéaz’aa on minube v@l‘m@ #
arterial p}a, carbon dioxide tension, and exygen aamra%;im
is shown in Fig. l. The exsufflater resulted in an apprec-
jable rise in pﬁ;v a rise in oxygen aatwatwn_avevagmg 4,6%
snd & fall in carbon dioxide temsion averaging 10 mm Hg.
while the respirater produced only & glight effect on these
measurements, It is seen that the minute ventilation was

practically unchanged from the resting control level during

paspirater therapy while the exmfﬁakw/ inereased the average

minute volume by 4 liters per minute or by 55%. The tidal

w’lmag unchanged by the respiratop, was inereased to three

times that of the contrel when exsufflation was applied(Table 1.)e
Respiratery acidosis was produced in eight patients

with emphysema by the administration of 100% oxygen by mask,

cases 5 and 6 received oxygen for 60 and 30 minutes reapectively

and were ﬁréa&eé_ with the exsufflator jmmediately following

gessation of | oxygen therapy. The exsufflator was applied for



Table 1,

The Effect of the Bsapirator and Exsufflator en Tidal Volume




Flgs 1,

3 760 - -control Erespirafor exsufﬂofor

Arterial

Frlee o N 0H

pCO2"
(mm-Hg)- ..}

| Arterial
1 Oxygen
(% sat-)

n E ol

Pulmonary [ . ]
Ventilation” 'O A .
. -gF Ex . . .
| (L/min) Z8 o
Case | “Case 3 _ Case 4

A éomporlson of the physiological effects of the respirator and exsufflator in emphysema.
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30 minntes in Csze B and 15 minutes in Lase 6, Cases

T=»l2 veceived oxygen for £0 minutes and exsufflation for
the laeil 30 nimutes of adminisbration,

In all eight cases oxygen csused z rise in apr-
terial carbon dicxide tensicon and & fall in arderisl pH,
Table 11 shows that in cases 5 and 6 exsufflation prowptly
reversed thege chunges, the values %&iﬂgu&hifteﬁ'tﬁwavéa
normal, The reversel of mcidebase disturbsnce whem ex=
sufflation was spplled in case 7, despite the continued
administration of 1007 cxysen iz illustrated im Table 111,

Determinablieons of ventilation and biaaé gaBeE wore
2lsc made £ hours after the experiment In cases 812,

Fig. 2 shows that in 3 cut of 5 cases the pH remained ele~
vated and the pllp was msintalned at 4 lower level 2 hours
after the peried of exsufflatien
saturation Pell %o below the control walue in 4 out ¢f §

s but that the oxygen

cases.
The usefulness of the exsufflater in the treatment

of & petient with severe emphysems who developed & marked

respiratory acldosis wes demonstrated in the following case:
H#,) » A B3 yesr old white maen, was admitted

to the hosplial on July B, 1552, complaining of assvere
dyspnea of soven menths durabdicn, He had been in good
health until Januery, 1952, when he developed tighiness
in his chest, dyspnea and cough with expectoration of
graen spubum. Despite penicillin therapy thess symptoms




inereased iIn severity and he regquired admlssion te
hespital Tor & shert time in Febpuary and sgain in
Merch., He way feund te have pulmonsry ewmphyssma
with brenchopneumenis and yas&iﬁ?w an aarly eor
palmenals, Vital cspecity was é@& liters, FHe lm~
~s, peniedllin, sureomyein and

proved markedly whe
digitelis were administersd and phicbetomy perfermed
and was dischavged from the hospltel, On June 15 his
dyspnes increased and by July % m&%g his aympbons

had bscome v}%@? povere, Ho was then given senbtisucus

onygen by magk at 6% Liters por minuts, Drowsinsss

wae noted and he was baken | o Mamﬁ&iﬁ

in admission he was dyow | ¢ly

dvarneie, ‘The Jugnlar wvolins wers dlstended, Chest

wag barvel-shaped and movement was limited bilaterally.
breath sounds snd bilateral

87, eyanotic and extrem

seatbered vonchi wers present, DBlood pressure was
5, The liver was palpuble one and cne-half finger
broadths below the costel movging There was @&wm@
adema of both ankles and slight elubblng of ihe fingers.
moglobin was 15,5 pgme.%, red blood cells 7.8 miliics,
oy, hemsboerit 568 and white blood cells 11,600
per cmm, Vital ecapacity wez 1.8 liters., The chest film
emphysens with some right veniriculay

revealed bullous
enlovgement, BEG showed pight axis deviatlon.




On July 7 further oxvygen was adninistered and he
becams almost spnele, The avterial pH was 7,51 and
the carhom dioxids tension B4 mn Tz, ¥He was pluged
in a tank yesplrator and dlsc recelved sxeufflatlion
for 1/2 heur svery £ hours, A comporiscn of the
effeat of the rospirsber and exsuffiaztor on Bidat
volume and mimobs ventilation 1s shown in Table 1V,
He was treated by the sombined use of the respirater

and exsufflator and oxygen by nasal ¢atheter at 18
1iters/min, wmbll July &, 18624 The Improvements

in arterdad gﬁé and cavbon dioxide tension are shown
in Table ’?‘, By July 20th be wasz up snd sbeut, though
iimited in a&%ﬁﬁ%% ané discharged from hospital,




The Effeet of Exsuffletion on Leid-Base Disturbance
Produced by Uxypen Therapy iz Fulmonery Dmphysema,

Volume
(L/min, )

State

pH

pGoz

(mmn Hgs)

7,38
7455

46
B2
39

Rest D446
02 30 min, 6,85
Exsulf, 15 min,A8,74

F wals

64
ka4
&7




Table 111,

The Bffect of Exsufflation ng Gentinuous
Cxygen Therspy In a Patlend with Bmphysena.

ﬁ!ﬂﬁ@riﬁ
Hinube Oxygen _—
. w&’%’%@‘ﬁtﬁ»m

5 pE (m
92,8 7.4 44
$8,1 VB8 &6

Mﬁﬁ&%m e 89,0 .42 45




Teble 1Y,

ihe Effect of the Nesplrater and Imsufflater on
Tidal Volume and ¥inute Venitilation {Case 13).

Sehtrol 288 < B.2

848 - BB




The Bffset of %ﬁaﬁﬁﬁ%
¢

Arteriol
, pGoz

Table V,

on Avdoriasl Blesd M&ti@¢t§&ma
age 13)

7/8/52 7.4
’gﬁg,fsﬁ 7439

7/18/68 7.40

it

£
1

Somment

pricr te thervapy

- during therapy

day alter cessabieon
of %&ﬁvaﬁy

out of bod, Limited
&ﬁ%i@i%?k




PISCUSSICH

The resulis reported above indigate that the
exsufflstor 1s superier to the conventional respiratoer
1sging the aeldebage dlsturbensce sssecisted with

respiratory acidosis in pulmeonary emphysems. This might
be explained by the abiliity of the exsufflater both %o

coma obstruction to breathing (9) snd te %@#‘&i&aﬁg '
the alvecli meve effectively,

The mxm&a #f bronchiolar obstrustion due te
elther spask or thiek viseid secretiens in the bronchi is
probubly & tonsiderable facter in the development of
ancxis and carbom disxzide retention in sovere suphysoms,
Yhe exsufflator has been shown to resuld in s merked
slimination of secreticns im meny sszes of emphysema (13),
This offect could thus play & large role in the shify
towards normal of the arterial blood gesses and pH.

in the cases treaited in the couventional vesplirator

the tidal volume and minmute ventilation did net cha
s@;amaﬁ.&my fron that present during unassisted wa;gimﬁmm
Howover, & comsistently marked increase in tidal veiume

Ing the perisd of exsufflstion. The inercase
in srterial oxygen saturstion and fsll in earben dloxide
tension despite s respivatery rate of only nine times a
minute is due to the threefold inerease in tidal volume

resulting in & more effeetive alveolar vemtilablion, Case 18
t inerease in minute

demenstrates that despits enly & sligh




ventilation, the marked Increase in 6idel ai
benelicial resulbe,

Ne posteexsufflaber pericd of apnes was cbserved

despite the faot that the stimuiue of snoxia wes remcveds

It seems possaible that the semsitivity of the respirvateory
mechanisms waes &% least partially restered by the changes
in gas tension induced by the exsuf
notewerthy that in cases 3; 10

£ how

latore It is alse
and 11 the Op seturation at
5 was below the originsl control level while the Jfﬁ
tension end pH were maintalved at closer t¢ nermal values.
This snomeluus effect on srterial Op snd C0p levels wus
prosumably due Yo an Inersssed ventilutieon of normal

nee of ventilation of male

alveoli ccoureing

2t the exp =

Punetioning parte of the lungs
It is conecluded that exsuffletion is = helpful ade
junet in the handling of the problem presenied by retontlen

of sarben dioxide in & patient with severe pulmensry
During exsuiflabticon, cxygen way be sduminlstered

to such patients, thereby relleving ihe &%ﬁﬁéﬁﬁ%ﬁ@&& of

severe ancoxis witheut inducing raayi%&ﬁ&@y ascidesis, Howsver,
&8 2 sequel to the maintenance of & lowered arierisl pClp the
arterisl blood mey become move snoxie f@liﬁ@iﬁg‘ﬁﬁﬁﬁﬁgiﬁﬁ of

therapy:




In four cases of pulmonary emphysems 30 minutes
of therapy with the exsufflater resulted in an Ineroased
minute ventilation and bemeficial effect on arberial pH,
carben dioxide temsion and oxygen sabturatlon. Respirvator

therapy Por 60 minubtes resulsed in ne spprecisble change
Unecmpensated respiratory acldosis was produced
in eight ¢aszes of eumphysems by the administration of

oxygen, The aeid-buse disturbsnce was effectively treated

by & short peried of sxsufflation, In 3 of 5 cases the
low level of 00 was maintained after 2 hours while the
oxygen saburation fell below the control level. The

. peneficial effect of the use of the exsufflator in the

$reatment of a psbient with emphysems whe Geveloped
respivatory acidosls waz donomstrabed.
The decisive increase in tidal air and minute

ventilation with the papid effeot en puluwonary ges exchange

w

@mﬁfm%@a appeare to be a veluable sdjunet to
therapy in vespivatory acidosis.
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