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Measurement of l'ullumml'} Funetion

ClEORGE W, WG

For well over a eenturs, svstemmtie amatoniea! obsory atwons of the e o h
ro=s el nueroseope, have tormed the mean Deasts for ot =t lerstamd
the meehan=m of altered i tion conseaqient to dseases of thits orean harm
it o thas tine, the tools o In 1n|||u|h|"| | Were superior to thos=c of the el

e nmd the phvsiologist, but theve was often an unsati=tactors comnelation

fween that whiel the |'|;.f||v||1|*-_|\' conld =co or feel and the ovidences of

funetion of the Ting. The diserepancies were hoth eprmtieaty e and quaditatie

the chimeal mantestations often seemimg too minor for the obwons tieste el

md viee versas In the first half of the century, snd partienlarly duvme the past

25 <t=, physteists and hochemist=, o~ well o< antomn=t< el

vinrs, physiol

Clectron nneroscopd=t=<_ nave pros i||'| s Not oniy with a " 9 Bl (RATRA S EFL
loet =t | 1 | | 1 Iwett | t |
of the wav m which the normal hing fanetions, bt also have sven s praetiesl

wiethods 1or measnring these fanetions davine hfe, and to some desree cven atte

death Xs o eonscquenee, the eortelations between alteration of t=sie and i

tron now scein more rational, although some mvstery <t renvons. 1 lase boen |

asstened the V:|~]. ol |||~:'1|~-|||g |'|||r11u-l~ for measur (13 |n|h|nv|| Y Iinet e, e

qln,uiw!) from the poimt of view of those thines that would be most APPrOpin e :

for the pathologisi< to he aware of, The shoeor bulk of this <ort of mformation

prechudes an attempt at a detatled diseussion of teechme. Some of this <ort of

mtormation has already been presented in this Monograph and adiditional will

follow :
Several detatled disenssions of wethods for estimating the phiv<easl panetions o

the respiratory apparatus as a whole have bheen pubhshed oveeenmt veamr- A ‘

tevations of funetion consequent to disease have been considored e depthe i s '

of these pubheations, Siee time i Timited, T ean mention only soe of the wat

i whineh amportant phyvsieal funetions of the lang ean be oeasied . Uptortn

natelv s b ominst be aorbitesey anomy ehoree ol maderial, sond onps<ions <hauld not Ta

cop=trned as hemg of lesser poportanee. The newrommseular <v<tom of the ;

vespithtory spparatus and s nervots svstem condrol are noi disensscd, althougeh

these parts are as essential to normal funetion of the svstem g= 1= the ung o :‘I
! 1
v e vistialize the ane s Lo eomdat throieh one of whiely o 0

hil t ot lier n H-'n;lll\ |1||>I|v| thee Blionwl LA [Teel iy g rater g Il wnis B
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. | I pheses et o eith wle of a8 vy than b e w el ilthongely
Vi o] o vantnm the Felewd iy o lite e Oppostbion to the il vgsre I
t f-id i 1 P e e standly couanl e o prhinses byt
1 am | g theved a1 prosteapidlary veins v uneker com it gen
! e e tabwilie sl ne vate of eapnllary Iilosen] 1o e tada
it ol el baun torether e am ovderly nwd mtmnate Jashio hw ein
| ¢ T contimg o thied sel of condiitts. 11y It i Aot the Iy
! Tt 1t conids s suretnent ol oy il tor tha I T T
i ' A I TR R AT e et s ek Pt by
| vt 1l il il Bbesoned st thin e peetive comluits 1= oopegdent g
( My vagsony thie | of pressure vnpellimg the aid ol o fhe respstanes t ';
| | v by thes e miectey o) th condhint l' | Hnpertanmt tao yveeall that oy :
H
| vote flow a1 thid et T It e a1 reeling ol e !
‘ f TR i tow aod 1 oven more anflueneed by 1 vavilins alvrr iy ]
' et How  Flopee o )it may appwear viesually 1o e 5 e el i thy ]
| [ POt ey ot iy o sy baran el e it ter How ‘)|
| (LB ITFAL | KRR AT i thie vl o exparaton, the s cotam o mea=urahi t
vl ol v Bleod siad the eondun are patent. 1ogs vasy to alerst vined
Phat the et b tul thaek wall of the larecr bhronehs il Blood] vissi)s P E
ent eollise ol these  tnke bt the smallo thi=tal  comndums havive  thin {
| il eollipse B Fhivir ovn werght. Siee at the vl of expitation the in :‘
f motna] piressipe taospiherie witlin the bronelnal sv=toem e ean ol
conehyde 1 T 1 e trjle nre IH}I‘ i then l'\]!l'lili' il -5\:|n el lll;'tl:llrl
renvi eollapse cither b uhatinosplicrie perithronelinols

Jriess=upre o ]l\ o\

] supgoge TR A TIT gy wires, Netually, Lot tietors play o ok 1"
. 1 Lty o tpdy to 1y asenl struactures, 1l

COnee i thiat

ey~

fucteney o) 1l oocebidgits s '|4|n|nf< nt Pt oon the tensuon T sHpportiny |
Pruetare 1~ lf 0l orreeat -||-f et -.J'_'.Ai\s Fewne |77|l| Hl||u:v|'|p||-4 I ,rlh:‘q- |
tion of tl et <traetures may have a profound mflnenee on the vadins of

el theretore the pesistanee to o Ao seat lum thaen

1" i minbor of ways in which one enn group the varions methods for i
1] teine ph oy anetion. Smee the ]Hll'm-r ol externagl resparation 1= to
by o ventibiate ™ th venons hilood

) Hs Ty I'llll]'lll " nlen;JI ||‘IT|I'I| |l|l ~

e ol ozvaen gy and earbon  dioxilde (PO e the Wlood leavime 1l “!
Iy e eah s aliate the antegrity of the Tang in terms of how we e opt ‘f‘
Cateentibiion of these gases s neintaimed at Hhe vile of ll‘v|-—|n|fmun.||_\ [ilosen|
flow vigumred to sati=fy et ihalie conditions i the sting and exerersine <tate _:
o vomrs, the comimnoi net ol Tor o vitliatimg the o uree ol oxyecnntion of hlood ] #

fnote the presence or alscinee of peripheral evanosis el tor the prope ;‘I
( ol carhon dioxide, to wmeasiare th COu combininge Power ol venogs J

ol Winle ot b reae that onme kineds of dung disesns shnormalit s are

vaded By ah o twa et heodds, 11 b long been obvicu- that they arn 1nede !‘
. it prringaafigne A omore direet v i 'Il"l1IJI|!|' thie efleetiveqess with wlhieh “
oM o] vt bt to mesisure not only the hemoslobin saiug ttion bt

O TR o plEy, foxvoen snd u,.l'm“ 1J||-\|-'| tens1ons ) ‘rln! IJ\JlFu'_“H (LR ]

I TR I f!'l 0l s\

tene arterinl blood, These pensuretent < SR
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il 1 he I,Nr‘./

tirmes mnst be oldaimed yot only duaring rest but gleo durime the <
e Abnormalitjes of these i tsurements  often "

i O eNey=
gost the nature of the
alteration of tinetion For oy vnple, if the PO s Tow and the peoy, b« e, o

virtually cortoun that the lung s beine unederventylat o with recpeet to e

Pssotr, whereas, if the POL s Tow and the PO s also low, o number of en
Himstanees may oxist, inchuline ot only regronal venbilation-perinspn gl
novmadity it also anatomi b shmnts or distirbed sttt diffu<ton When

these measnrenient < iee wathon the lints of vovmal, ot connnt L o it 1t

thnormalities of metion within the hine e thaent, That extensive chisoggs

whieh obliterat 1 pulmonary esenlar bed e come 14 tdons of the lune oy

oeenr bt prowliee v alterat on of thie [ |||y'nr ol Biloyin] vs 1= nhyvion

\ seeotd eronn of measurements s ammed ot eh it thy tmeehanisms un-

der Iy he canse o abmormal vali of the pu ipheral arterial Mlood gises, | Lot

= consuter the methods utthzed to dhiscover meehantsng 1

(RS ALY ihli Lar o
thicine 5 =tthnormal 1Oy s ey lobin oveenntion Wlien thie

1 nee it 1

ohvious that son Iloson] Tizis passed Tromg the vieht ventrwele into the left ven-

(N
triele without trversing an areaw where the pt of the ey plisse b e
to prodhiee o normal arterial pO. . Suely =0 called venon- bt

anmber of wivs

can ocenr n

\etunl anntonnenl bypass, us, for exatople, weon et pulmonary aetery -l

INONAEY YOI commminm tHon, s casy to under st imd as a catse of venomes admiy-

e N niber of methods are availuble to tabhi=h that sueh venons  sul-

nuxtnre < om faet eanused by anntornenl bypass For oy g, v

f s

crremmnstanees, the inhalation of pure oxyeen will liave ittle or no il

"
that mmety of Blood which i« by pass<inge thi g, Henee vionois acdmstnre o

tie ol

ubnorml heraoglobin oxveenation ol arterial hlood will porsist aml be el
tively hitle infliuened during the inhalation of « pre ar haeh OXYEen it
Fhe alveolar-arterinl PO gradient durige high osyveon breathing will Beconn
mneh lavger, Tn oo mannm dietated by e slispe of the hemoslohin dis=ocrition
curve, the alveolar-nrterial PO dilferenee will becony smaller when o lowe
""l'-]"\' reeosveen tenston 1« by 1 hed I the |v\|r.|-~ I~ tliserety .o~ h asm

HeEnovenons anearysm, an angrogram will often revenl the mechanism of the
Venonts st

[ Loy y--lrlllul‘ll arterinl My may also be = by weners lized alvealar
by poventlation with respeet to metabolie geticny Nethod e avarlable 1o
tite thie gmixed alveoliag PO and e <l rrenmstanees ot will e found

o i thove wall not by un elevated alveonla wterid pOyy sreadient T thee

'
riretimstanees one will also alwavs find an elevated arteral EL B RTTITY AT 1
varely e WA To examme wore than 1l peviphieral avteria el e ovder to
recosninze generahized wlhveola ||\|m\| ntilation as the o = of lw\]”-\l.'
Most conmionty, however only o portion of the total number of alveoly i< hy ¥
poventilatod Uyl these erremmst ees arteprial Biloww] pertusine thy ix\[v'l'vlll
Prhaton] sl enli eopgper with o low (LLILEEITTTY T (YT 1"‘” It masies vith Wlowl
o alvenly that arve wsaally ||\y--|'-|:l|i|!ul o that hlood eomine e
] ¢ nolimal waith respieet o PO e submormal with e spoct to pe'o)
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I The final wistuve of arterial BMood is likely, therefore, fo have o subnormal

pterial pOy and o novmal avterial pCOL L Other methods e available for the
tecorition of this conditton whieh s ',:1-Hrl;|||‘\ poken of as an alteration of e
ventilation-pevfusion (Ve Qer relationship. Under these civenmstanees sl in
cantrast toa direet <hunt, inhalation of a higher than atmospherie oxveen tension
nmuasture for g period of 10 to 15 min, will usually raice the hemoslobin <ot
ratton to noevinal, There are more diveet bt less pasily quantitated messnre
ments for demonstrating the presence of altered ventilation-perfusion relation
g T have veferenee heve to the use of radionetive materials, With conunfors
suitably areanecd over the lanes, it is possible to demonstiate that sases in-
frontueed to the hung vin the hlood stream are removerd at an uneven rate with
tespeet to varons areas of the lung and also that gases introdneed via the an
stresm are absorbed at an uneven rate with respeet to the various areas of the
T

\ thrd meehanism eansing inadeguat oxveenation of the blood oeers when
the natare of the membrane separating the was from the Blood phase is altered
amd amptddes the movement of gas neross this boundary, Ouite obvionsly, the
mernhrane oy mpede diltu<ion eonsequent to g ehange in thickness of it< con-
ponents Less obvious bt eqnally real is th impairment cansed by o redue-
trone e the total surfaee aen of the membrane, Tt is understandable that the
peed with which eaptllary blood How oeenrs may be an noaportant faetor m
whether or not the hlood comerging from the venous end of the alveoln capil-
lsry hos been fnlly oxyeenated. Inogeneral, the teansit tine in the capillaries ps
]

stieh that under norms! eirenmstanees no gradiont persists hetween the alveola

ind Blood gases Jor oxyvaen on (‘H: b the tine the blood reaches th oned of th

. eapillary. T, however, the total nimber of capillaries i< greatly vedueed Iy
discase, 41 conecivahle that blosd may rish <o vapidly through fhe eapilliries

too e oxyuenated inadequately even though the alveolar oxyeen tension i

vithin the Tinnts of normal Methods are available for measuring Jitfusion.

bt it should be borne womand that these methods are far from perfeet sl

cortiin of them, as dor example, the earbon monoxide methods, are subject to
the anfluenee of things other than the membreane wself, for example, e vipl-
Loy Blood volume and the nature of the red eol] and the total hemoglobin, Be-
canse of the great diffienltv o handhng the techme for mensuringe the diffusion
of oaveen. more measuranents have been mede us<ing earhbon monoside as e
dittusige goss Althongh constderable vreseevation mnst be maintained as to the

e gquantitative terpretation of mmeh of the diffivsion data, o rather lyrge

hody of important and nsetal mformation has been obtained

Wath respeet 1o arterinl hypoxin, three goneralizations seem apprapiate, Frest,
wWhereas at one tine it was thonght that diftusion mmpaivment was the most
commion catt=e of arterim] hivposta, it is now recognized that alterstion of the

tentilnon-porinsion ratio as the most eommon, Seeond, althoush pure exmn- :
of anatomesl bypass, diffusion inpairment and \1l|l||:|f|nn—i~-||u\1a-:v th-

Ity andoubredly do ocenr, 1t 1= cotmmon to find them coexisting Third, 1t

altent i Lithendt wath the methods gt hand to he cortaon that one 1~ e il
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ol for vhis b oecnr, 1 i pos<ible. ton. that e lix
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! Pol o 1o ol vornh frey 1l o vin 1
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' TIERIT i crtilad reny ¢ I voopp sl
' 1=l I of hivilro g Iy bire | PIEG i
e te ot b it ronsy vseel ontt ol 1 Iveashi Th
i - b nitrowen or Lelinm b o e oiil ol 1
o e oy hiothny-ar- sor lood. s b AT 0 i
pigee] ey 1l toelota v that vceriain port s of oy
fowver vate tham e oty pott ion I'he vachonetive wisee o
: . !
fERe hsdaner. d pearert fron the aliove th les v opite
Hsenvon 1 neleviv i el of fsedemte v W]t
Pl i1y | il 1"
! " vl ahom hehtIy ehifterent CHCstanee
el eodehitim vh (e ov the enlar bl o et
| L 1 ol Iveoh whiteh contimie to be ventil tonl l'w'm»m. I
f th bt 1 of this plicvieosenon, Pader oh
\ crtilation thovit hlood  perfusion or  whiog !
' etk Nt hand | Bl fon dletoery
vl clermiim Bt b or mat $here rihient suely
gl 0 bavorina hehier 1l the oxn 1ot It 1t
) biveli ot colt that ot e | ol e 1o paek o
FTRIT te tl volur g teomne thee perfused s
o e expe ta be lowey n PO than 1= thy torral hloew)
! [ b ovidd utthzing dbsevete doop g talveolar?) ik
I th travbnecd o the nonperiased or markedly LLLLLE o BT
ol 1 h Vanous radiopetive teelimies sl cinei e die 1
' crdating thy te pettholowe bt
| cotecr e o v with whethor or e e Dl
s B peoperty vontilatod. gl b ot obovions that o
¢ 0l vorsidorahile smount of fie<in oiteration the blood e T
tead I} Hest wronp of measmrements | ter o with o
i Il Lion o Blood vegutres sovenent of o Blood
"o et roguites mnsenlar offort e expendit
[ 1 ST bt a=k whether or not disease altor the 1ol
i motion snd the enerey that i required to aceomphisly it
| { 1! nctabohie rate is ber v=edl Tromys the pestipe 1) ol
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Veasureme nt of Fuapotion IT]

notial Smee e norina! people pOy, gl PO elamge hat hitle over 0wl
Fange o phveaen) aetioy, b e npparent that theee are bagpe rescrves botly fon
blood sned gas Mow nonementation It g cepdly ol thist, 11 s o o figees
an wnpedinent cther to Blood or 1o s Mlow, veserves e svalable that can be
nthzed i order toonantam o blvod il ges oy preper ton the exa=t s sl
bolie: state but i1 1= gebieved ot o highee cost in tevi= of the encrey weed tor
pinapanie the Ao Methods oxist for explormg these < fon-

Fhe: somplest = in peferenee too the Biood crtenlatiwm, Under sovinal et
nmstanees one e danble mo perhaps evin trpde the teanspahnonary blood flow
with Tnle or no elevation of pulimoniy aiters pressure by oveason of the et
that theve is restmtiont of vew vessels s, in aeldition. s inets ase e the vadins
of the ypsenbatare af the pottit of highe<t pesestanes to flosw. There ave o ke
ol e stpbes imvaly e the lange whiely irerferc witl the CHPIeEIY bt vesse]
reotimthient e Tor ineremse of the rading i the igh vesistanee apon~ with fhe
sttt that when metabolie demands i mevensed and canlie ontpat 1. -
ereased the palmonsey arteny pressure must e elevated sonl right ventriele work
it anerease e ovder toowmtain the necdeo] 1ite of teasphmonsoey Do flow
Povanse the pudmaonany vaseular svstem has suel o tremendons ability fo aeecp
v merease of flow withonut an merease e pulinonary ate pressire, dhisenso-
wlhine by marrow on de<troy Wlood vessels or intetfeve with the dilatiwm of the o=
toriees can, depending upon the loeation, oxist fo o rathey maor degroe before
prrhmonany artery hypertension develops. For this veason, mensurement of the
Prlmonary artery pressare at vest and even durine exereise is 4 tool whieh com-
mitdy will mot show shnormadities until the volume of the total hime sl vieen-
e bl whieh is mfluenced by disease is great, Tt i of th ereatest unportanes ta
Pt ot thiat alveolnr hyposin eonsequent tor unidervent it iog eitieee a phyvsin-
loie mavvowing of the procapillaey artevioles which will not e seen o with o -
Ay autopsy teehnies, A sl lesion olsstmeting « negor hronelns will mith-
cnee s Lo volume of hing tissue via the meehanism of alveola hivpoventilation
wnel consequent vasenlire constrietion in the hypoventilated area. Beeinse of the
s horating effeet of the large reserve of the pulmorary vasenlar hed, it js -
portant to know whether or not distal segments of the vasenlae bl heove bien
olctraetod withont ean-ine pulmenary artery hivpertension, Numerous et hoeds
thveady mentiomed exist for this porpose and inelade suel things ns angroeraphy,
viappane of sh=tvibmtion of vdioactive materials and messarement of the ex-
prvesd air o remionally obtaned aie for geadients of €O,

Messtrement of the mterferenee with was Bose i the teiehoolon Ial sysrem
= sopes bk ynore eomples. Cas ontors the traneheolironelnal sy=tem by renson of
the faet that at s enlarged durine imsparation and feaves by vegsen of the faei
tet thee svstem o= dimi=hed in volinne daring expivation. I addition 1o this
M= movement of air ito and out of the g, theve i« diffusion of R
wross o pvdient or gas interfnee i the most distyl portiens of the lune, Cop-
traction ol the pesparatory pmseles during mspieaton enlarges the thoraepe
cage bl T vcason of mitimste contaet thirough o lgnid Eiver enlarges the sm
tave of the hovndavies wlieh enelose the lunge A< 1l ling <uefnee moves pes
rphersdiy mea contrifugal fashion, a pull s exerted apon sl of those surfaees
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5N {he Ly

thim the T Boving diveet conmeetion with thie sittide sir vin (he ol
haonehal ty el 1) s IR N e 1 oot rel cdireet b S TIR ST T
tinn o) 1 thespatradonry tegsed e fo PpaeI the efwst wall vl iy i
forve mod all ot 1 by e e the o comdat thet e o pibile of wmation
Ethe pressives applied. Tn addition, the pinseles et nppdy the vperey peeded
IR oy ey the month dowa throwushe the cofp et e =y <t Wy i
thetetare speak of mtsesdar contraetiom oy oreon the resistaaee ta dan flo e
i stamee to stretelr of s el that I v the o ety i U ET
recorl e ehdition to overeonige e e ey of those Viscaris tiditetals
1 b aned ehiest wall that lecve no powes of ofastie veeoil [ fe oo = ¥
vieod dnring expiestion, claste veeor! anhine vathice 1 i opposite the mseh
RN

Fi dx piossible b sueasinie pieflow reststqme ol bath the elastie el ()

tutiees of the lang. The clnstie tosisf e poken of s comaphianee and

ob conprse aneasured undder <tate connd it v bt lloaw sum] viseongs resg-d
e sere seasteed o sder dysmnae eyt IV ean e reseith gt e izcted it
f e alerabons leadiong to the seenmmbation of <ven tiys ‘\.NMM the tracheo

srancioat men or tHoaekemmg of the e of this i or leading 1o aariow i

af the humen beenvse of mtevferonee with suppaorting <tetires wonld kel 1o am
e OO SEPWARY Pesistanee II el v et it to o ealtze o it e ) = sl
thee teacheabronehianl tree i< mercased b the aet of tsparat oy il thad 1o <onu

e the narrow e ol the ben cOomseient o dhiscosee ean I ;.nl!w\f\ 0oL ‘
i biv ¢ rrving ont the et of Yaeathine n pPesthion et decper apspieal o 1
Wil Vi vawl -'rl'I"'«l- PO tegccosegr e s voreststatee o e e o v ow hob ‘
Virway pesistanee euan also oeenr focallv <o that 1 thi=tal scmment of lung | ‘
v o entlated with respect to the veneonder of hang where there B pnal ‘
viest=tanee to Jlow M Fl:v--}- oy revoginzine the piresoriee of tlis e bittons ext=t

mr i et e I=troment ol this =it of tegronal o i rlu..l Pestst e s |

diffienls
q |
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frec e volume. Another evidenee of it

i ounnstelly
condult narrowing is seen in the sub
neral maximmm voluntary ventilabion noted e Table 130 Airflow

vt antorm theovehout 1 lange

1 foanee
wned thias Jeads boo o form, decp hing
Pave ventilatwn as <hown by the bigh termnal alveolar mitrogen and the al-

notial natrogen rinsing enrve i ated om Table 13 That win hoof th hyvpovin

1
tihated pant of 1 I g-

pevinsed by pulmonary artery Wlood thas | g 1o

bl oxvgenston of the peripheral arterial blood i< shown in Table 14 Th
the meechanism leading (o arferind hypoxin s not membrne defeet or arterio-
s vy ~ 1= shown by the Ieh artevial peOL and the faet that the hemo-

im0 ey cont satirated whien PESPITITg
by the novmal D, C0

a hish oxygen misture, 14 g« gl
cen i Table 13, 1'he low venln 1) conscgient
volar b

Visovenhlation i< helieveod to eanis pubmongey arterioln spastn, T

colar pCOy may, by loeal pll changes, also mithucniee this The

teriolm
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Panie 15 Case L Coaiese €0k i s iios

Reting ML b osrrei
Folmestiney arters GO0 mm Ny SO v g
Pt ventrieh 6572 o Hg G e Mg
Wl o Hg

Covelowe vinde 30 Wterssmmn 2 ivers /i
et ot e, i,

Panir 160 Cuse THE Vespnvioy Reseosse oo Tk vosine Vs s 1=

V2,4
Voentibstn per man IS Tters
(0 it (R
U Viabake G e
Pt of ventilton ta O upake 0.l 2

Normal, 25 4+ 5
Iespentioms per i 20
Pt o wertlat o o masammm voluntary ventilation « 10 s
Brearblessness ton seale of ) |

sew oot netes a, b oaned o, Table 9

martowing plus the merease of hlood viseosity  eansed by the polveythenna
el to pulmonaey arvtery: hvpertension as <hown m Table 15 This i tuen lesols
to cor pulmonale, The long term pulmonary artery hypertension probalidy p-
died the changes scen i the wall of the small arteries of the lune, <hown m
Fronre 420 This arterial wall veaction i tarn makes the pulmonary vessels Jo--
compdiant and sugments the hypertension during exereise, The ventiliation re-
sponse tooexererse s oof speetad interest. The ventilation volumie Per e,
shown in Table 16, is only slightly higher than normal for this intensity of cfiort,
ws s anlso the OUV Even so, breathlessness is quite severe, The ratio of ventila-
fron v exererse to the maximum: voluntary ventilation for that day 1= 82
per cent s apparent from this that the entire musealar capacity for moy g
o s e abthzed during exereise, bt the resistanee to aitflow prevents map
propriste ventilitory respons=c. In other words, exeessive or mapprapriate ves
prcstory mnsele aetivity b= necded 1o overcome the high arway resistanee, aml
henee the sensation of breathimg (hreathilessnessi s totally mapproprrate. I the
HIEWAOY resisfanee were sommm \\||:|l |l'~~. un :llllltll'llltl”\' 'ylula ONVEen \n|||1|:1||n||
copinvalent doubtless would have developed as ot does i many persons with less
severe nirway obstruction. This ease demonstrates the Kind- of phyvsio

ny-
prrtent that acenr consequent to persistent elevated resistanee to airflow i the
prceenec of oo velatively antact peripheral palmonary vaseular svstem. Charae-
tortienlly, theve s an mappropriately high work of the respietory wmseles ot
dEvalies of vespiration and o reduetion e the waximum capacity for vin-
filatton, Tnonddition, there s severe perplicral artery hyposin amd hypereapaa
consequent. to alveolar hypoventilation. This leads to polyeythemia plus pul-
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|
proeaty and pesiduad volwme noted i Uabile 17 Fyvndnee o ‘ f |
' bakomg peert o ventilation wis LR R RTRER A entihited 1= demonsn il
| terminal alveolar nitrogen obtaned at the eod of 7 i of  oxy 1 P
Breathimg tor prirposes of measuring the resadual volmme. That resistanee to @ by
§ o severe i shown in Table 17 by the markedly sobnornial maxinmin val I
it ntikation and fast expiration P-soe, yolue, ad also by the hiel diveet 1
! retent of anrway reststanee dsinge the bodv plothin smoe il ] L i "
e ol tod] o av resistanee = ot din to 1 et rmge of the Dovene T I
feoy of the Twoneliad wall, The etnse of the Gy 1= ot peadh ) \
toloce preperat jon Caretal easuremcnt < of e h ol o ntnm '
I ‘ ekl Bvomeln have shown that, on the aver they sre navrowey |
ttanenl cmphvsema than m normeal porsen I ceonnts e patt for t N
tesl i e R AT Imrlltlll:lll\ when o reeall 1) the ! m il e =~ |
e by o power of 4 There s some evudeneo that thers thsoy a0 obvnimnm W |
i=tabition ol g pressiires about the mwost distal gl upported e duet i
that these tnbes beeome abnovmnlly poevoswod duarng forecind expiaton It I'l
1l viothat hoth of these Kinds of maorow te i o o ol eNtre- 1
ipport o) the comduts as o oresult of the destraetion of dis<tal b anit “
I tatee ol these distal strmetures as eondint ports wy o 1
i thit verntation. T stniking contrast to o FEL, thies man bl mmn I\
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Hr it s s s toan seale of § 4

CNer foel ol ok o b andd v,V alile o

il pevipheral artery Bvposan and wo hypereapmin even durimg exereise ts <hown
mTable I8 The natire of the anatomienl lesion i< sueh that the distal pul-
oty artery vasenlar bed s destroved in thee poorly ventilated areas apl
el transpubiionaey blomd flow as does oceur passes mainly throngl relatively
well o even bivperventilato] alveal, The low PO snggests this, The redne-
Bore ol capallary sarfaee 1s idieated by the <ubmormal 1,00 <hown i Tahle 17
The <hght wrterial hypoxin g« probhly due to o high teansit time iy the re-
maning alveolar espllavies, althongh some actual <hunting has bheen demon-

trated anthis disense and way account for o portion of the hypoxia, The ven-
nlation response to exereise i< shown in Table 19 The comments made in this
regared inease TH apply here smd neod not e vepeated. A< i« the fact in this Case,

cor prtlmaonale is less eommnim @l cortamly fess severe in anntomies| cinpliyscma
. than e ehvomie bronehitis of el 4 severity that b canses awway obstruetion,
Two faetors iy provide o partil explanation of this aencrally aecopted oh-
servation. The loeation of the narrowing in all of the large Inonehi m severe
clivomie bronehatis means that all parts of the distal lung are subjcet to alveolar
hyvpoventilation and i« consequenees g terms of pulmonary artery I perten-
ston. Ineomtrast, wmstomien) cmphyscmia is distributed unevenly and, although
waeh of the vaseulur bid may be o stroved, that whicl remains has o hetter
rnln|l||‘|||n ard ey ba o=ty !I-'n o tore lh'lt'”}‘. lt s'e'ms lrl'ﬂii:llih' l||:|l Tor o=
patable severitios of qcuwany obstietion the pubmonary vasenlse abstietion
izt b Joss e snsitonaenl mphivaema on this hasis That polvesthemr ps fo-s
vere m anatownes! cmphivsemn mav be an tportant added faetor, A seeond
etor relites 1o the ehimieal obiservation that s comparable levels of qirway ol
“treton the patwat with anatonnenl -||||i||_\ e hoevonyes more breatlifess anld
1« phvsically weaker duning hie goneral daily activities than is his connterpart
with chrowie bronehitis. Beesse of this, the average mtensity of physieal effort,
wied henes the level of envding autput s probably less in anatomieal crphysema,
= waonild e secompaniod by lower average |r|l|lur|l|:n"\‘ artery pressure during
e months proeeding desth from this disense and might aecomnt for the Jose
sovere cor o pitlmotde cmnphiveens .\llllll”l'l”_\‘, this s 0 most complex
prroblem and other aetms enn he thought of Bt will not e comsidered ere, Case
y IV, when taken i contiast to ens L, demonstrates the strriking differenee that

Published by AsbestosClaims.Law
i onery Function asbestosclaims.law/library/25363/24
ACL Doc 25363 - Page 24 of 25


https://asbestosclaims.law/library/25363/24

: ST

Uhe [aen
T The conseipmenees of wuav oh "
s | (AT tonpet rony ol b twn I
REFERENCES
\ ( ' 1 " v 1l
i | Wil { PO bkl
; s
(I 1 H. Bachierl, ¥, 1 iz, W Bde ki, €} i = LIV ¥ B l‘
[ { \ D " i} / ' :
e W nal ML New Yark, M P'ubilya) ‘--‘ | Itw /
It Iy, % el €1 RV, I / ] 1 l
: : N Vihe Laing 1Philash 1 \ I [ inedors o (RN RUH |
] .1 r. R.E I, vl L T AT W el A | I
‘ / YT J
) Pl | 143 " ! . ' ‘ h
I Cuor | LI | Tesbonaant, R el s, L3 Py, v \/
/ " n Man, N orl Kint , l l
ol w o\ Blakiston  Divisiom, Metiran-Hil ook |
5 M "o i1
‘ ‘it - 0§ ik HE: T LBy Forns '
H. Washimgron Vi vienan Physiologient Soiots 1 ‘ e S
Lot
|

Measurement of Pulmonary Function Published by AsbestosClaims.Law

ACL Doc 25363 - Page 25 of 25 asbestosclaims.law/library/25363/25


https://asbestosclaims.law/library/25363/25



