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Chapter 7 

ement of Pulmon v Funetion 

CEORGE W, Wi 

For well over a eentury, svstemmtie anatonieal obsoryvatwons of the lin bt | 

to i neroseope, have tormed the mean basis ton tempts to e staml 
the mechanism of alteved furne tion conseqnent to diseases of ths orean D 

o=t of ths tie, the tools o w patholog twer cuperior to thosc of the chim 

et amd the phivsiologist, boat theve was otten an unsati=tactory corelation e 

ween that whieh the pathologist conld sce or feel and the ovidences of altered 

tinetion of the himge The diserepaneies wer wh epantitative aned o 

L chimaen]l mesntestations often seemimg too minor for the abvions tesme el 

el viee versas In the first half of the contury, ond partienlarly durne the past 
1 25 vears, physiologists, phvstersts and biochemists, o~ well o< anaton=t< anld 

clectvon miteroscopists, have provided ns not only with a better ander=tandinge 

of the wav e which the normal hing fanetions, bt also have gven ns praetieal 

wiethods tor measurig these fanetions duavinge hfe, and to some desree cven alte 

death s As o consequenee, the cortelations between alteration of tssie and 1 

tron now seeim more rational, althoueh some mvs<tery <0l renyn I Jeeve b 

ssrened the task of diseussing methods for weasuring pulimonary fnneton, poe- 

stmably from the pomt of view of those things that would he most approprinte 

for the pathologists to be aware of, The sheer bulk of this <ot ot imformation 

prechides an attempt at a detailed diseussion of teehne. Some of this <ort of 
itormation has alveady been presented in this Monograph and additional will 
follow 

Several detatled disenssions of methods for estimnting the phivacal panetion 
the respiratory apparatus as o whole have heen pubhshed e oreeent ven \! 

terattons of funetion consequent to disease have been constdered i deptho e sone 

of these publieations, Sinee time s Timited, T ean mention only sore of the was 
i whieh amportant physieal functions of the lung can be weasied Undoren 
nately st be coabiteary anmy chotee of material, and onps<ions <hould not e 
cop=tyned < hemg of Jesser paportanee. The newrorsenlar <vstom of the 

vesprratory apparatus and its nervons systomn confrol are noi disenssed, althongeh 

these panrts are as ¢ entind to normal funetion of the svstem g= 1< the lang it 

Ohges ey nalize the lunes as two conduts, thromgh one of whieh tows o 

vl the other s complex hgud, the Blood, prope led by separate poanps The gos 
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Weasucement of Fuuetion 

) I 
o et e of aovery tan barrwer whiek, altho h e 

contn the Blood, offers s Title opposttion to e diffien 

f 1t | 1 Jrie n e wiaa iy copaand o the ot o pl bt} 
' ‘ | thered g posteaplary vems even v ocondit i 

' ' " bl el rate ol caplliry hlood 1 hee tady ' vl bavgy togethor e an ovdevly nl mtimeate | hion by o 
W comt Ethed set of condit- 1y vty ADBont the Iy ' m 1" crnnds measmrement of flow. aned for this and othyg 

' “ oty e et dhisevssed fart e 

( I ‘ t] | cestve mpellimg the flawd ol upon e e Tanee to | | v tha cometry of the vondimt It 1« n portant too yeeal! that 
t vt flow o)y o i wes by the Ith power of the radh ol e ! e Lovner thw and s oven mor mflueneed by the vadine dur e tent th Henee what ay wovsually to beoao e chamec i the 

‘ 
Ity craliy g Fvvge ympediment to oy 

| o o) it the vl of exparation, the langs contai o mea<urahl " ol v Bload sl the conduits are patent 1oas vasy 1o understand thiat the ke s thaek walls of the larec bronehr and Blood vesse)« P et ol ol these e bt the smialler distal conduns, by thin | | o P by ther owy wetght, Siee at the end ol expiation the i 1 sl pressire is atmospherie within the Ironelial svstem, one ean onh conelade 1 be i tilw e held in their evlindrieal hape and pevented " vl sy s ther ha ubstmosphierie perthronelnolsy pressure or hy oy terval ! ot ' Uy owiress Netually, both faetor play o vole, The ' ppertims fovees apply to the vasenlar stenetures. Pl conecpt ot th pecteney o) tl coeotnhits s dependent et on the tenston of e sHpportinge traetire iteelf o) cut amd ot alwavs recogmzed unportanee s tltern- 
tion of tl nort tietures may have o profound mfluenee on the s of thiv comdunt< sl theretore the pesistaned to fluid Aow swithun 1l I'he " minher of wavs in which one can gronp the varions methods for ) g pmhoonaay fanetion. Sinee the prurpose ob external vespavation 1= to oty o CventilateTM the venons blood so ns to produce ancoptimal partial Pros 
e ob oxveen g amd earhon dioxide PO e the Blood Teasine e i One Can ite the yntegmty of th Tange i termis of how well [ aptimm 

raneentetion of these gases s maintained ot the vite of wsphmonary hlomd 
flow sequmed ta =ty metabolie conditions in th restimg and exerersine <tate For veurs, the commion nwthid for ¢ taating the degree of oxyeenation of hlomd 

tnote the presenee or alwenee of peripheral evanosis and, tor the proper ‘ boearhon dhoxide, to mensure the (O combining POWEr ol venons Blosl Wlnle ot be tyae that ome kinds of g oliseis thnormalities are valed By these twa methods, it has lowg been obvicus that they are imade 
e proeedures A omore dieet way to determine the offeetiveness with whieh 

vt lntedd to measare not only the hemoglobin aturation bt 
0 Hhe COL toxnveen and earbon dioxide tensionsi amd hvdrogen 1on 

temre arterial blood, These mensurement s samme- 

1 veent i on ol e ot 
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i 
The Lung 

timmes mnst be olitained ot only during rest | 
crses Abnormalities of these 

it also durimg the <ty of exey 
surements often sugpest the thve of thy alteration of funetion For example, if the PO s low and the pCoO 1= heh, it virtually cortam that the lune 1 bemng underventilitod with respeet to pet biston, whereas, if the PO low amd the POOL < also low, o number of eir fumstanees may exist, inchuding not only regional ventilation-perinsgon ol normality bt also anatomie o shnts or distirbed wistissne diffusron Wl these measurements ar within the it of novinal. 1t e not I med that thnorma it jes of funetion within th I e absent, That extensive thsoy whieh obliterates thy Pulmonary vaseulae hed i <o 1osion of the Tung oy ocenr bt prodiee no alterations of the peripheral Wlood s s ohvion \ seeond @ronp of mea nrements s amed at o elnerdating the mechanismes un- deryving the enns ot abnormal vahies of the peripheral srieri 1l Blood wiiee |t s consuder the methods utilized to dhscover thy 

| 
mechanmsm respons<ible for o dueme a subnormal po, med hemoglobin oxyweniat ion When thy oeeny 1" oas 

tom the vight ventewle into left ven- 
twhere the pth o)t i~ il 

to produee o normal arterial PO sueh so-enllid 
anumber of way 

trele withont fravers<ine an o 

venous it can oeenr 

\etual anatonnen| bypiss, ns tor exatnple, oo dieet pulmonary arterv-py) monary vog commnmention, s easyv to i Cittlse o vepom dmix- fures N nimber of methods are availal that <such venous - Misture s faet eaused by anatomie 
example. wndor these crrenmstances, the inhalation obf pure oxveen will have little o no it Hee of that momety of Blood which i« by passing the T e 

ubnormial hemoglohin oxygenation of arteriad hlood will 
tively hitl mfliaeneed during the mhalation of o 

Ve s 

prre or hieh OXYZen Nt Fhe alveolar-arterinl PO gradient during high oxveon hie ithing will | b Lavger Inoa mamner dietated by the shiape of 1l 
WO 

i hemoglobin dissor Hton o the alveolar-arterial PO difference will become <imaller when o lower tospherie oxveon tenston s hreathed, Tf the byparss is dliseretq 
ROV ENOUS aneiry sy, 

<uch as in 
anangrogram will often reveal the mechanism of th venons sl 

o peripheral arterial PO may also be ennsed by generahzed alveolar Ivpoventilation. with respeet to metabolie ety Methods are avalable 1o tite the mxed alyeolig PO e under swel etrenmst e owill be found 0 el there will not be an eley ited alveolar-arternal PO ermhient. Iy these rireumstanees one will also alwavs find an el ted artenal pCOL . and it e Y e examine wore than the peripheral arteria wd inorder to recosinze generalized alveolar hypoventilation s the « m=¢ of hypoxia Most conitiondy | however, only o portion of the total number of alveol; i< hy entilatodd Upidir thyese crenmstanees arterial blom pertustng the hvpovien frhates] alvia merges with o low 6 sl o Tl 0 It mise vith Blonld ome alvealr that arve nsaalls byperventilited <o that Wood conmne ' normal with respeet fo pOy aned subnormal Vith respeet to peo 
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Weasurement of Funetion 

The final mistwre of arterial blood a5 hikely, therefore, to have a subnormel 
pterial pOy and o norng wteral pCoOL - Other methods e available for th 

ecosimbion of this condition whieh is L"IH'M”} spoken of as an alteration of e 

entilation-perfusion (Va:Qed velationship. Under these eiremmmstanecs and in 
contrast toa direet <hunt, mhalation of a hig wer tham stmospherie oxvgen tension 
nmasture for o peviod of 10 to 15 min, will usually raise the hemoglobin <atn 
titton to normal, There are more direet bt Joss casily quantitated measure 
ments for demonstrating the presence of altered ventilation-perfusion relation 

lnp=o T have veference here to the use of radioactive material With connters 
witahly aremneed over the lings, it is possible to demonstrate that gases in 

trodhueed to the ung vin the hlood stremm are removed at an uneven rite witl 
cepeet to varions areas of the lung and also that gases introdueed via the an 

stream arve absorbed at an uneven rate with respeet to the vartons areas of the 
It 

\ thivd meehsmism cansing inadequate oxveenation of the blood oeetre when 
the nature of the membrane separating the gas from the hlood phase is altered 
amd vmpedes the movement of = aeross this boundary, Quite obvionsly, the 
membrane way impede ditfusion consequent to o change in thickness of it< con- 
ponents Less obvious bt cqually real is the impairment eaused by o redue- 
tion e the total surfaec area of the membrane, It is understandable that the 
peed with whieh eapillary blood flow oeeurs mav be an maportant faetor 

whether or not the blood cmeraimg from the venous end of the alveol eapil- 
Iy hins Been fully oxyeenated. T general, the transit time in the ipitlaries i< 
stieh that under norms! eirenmmstanees no gradient persists hetween the alveoln 
ind Blood gases for oxveen or Co), v the tie the blood reaches the end of the 

pillary I, however, the total namber of capillaries 1= greatly yeduesd by 
disease, it s coneeivable that Blosd may rush <o vapidly through the captllinies 

to he oxveenated tely even though the alveolir oxveen tension is 
the Tits of normal Methods are available for measuring Jdiffusion. 

but 1t should be borne in wind that these methods are far from perfeet and 
vortain of them, as for example, the earbon monoxide methods, ar subjeet to 
the mfluenee of things other than the membrane atself, for example. th vapnl- 
Fory blood volume and the nature of the red eol) and the total hemoglobin, Be- 
canse of the great ditienlty i handling the technie for measuring the diffusion 
OF ONVECT ore nes surcments have been made using carbon monoxide s e 

e s Although eonsiderable reservation mnst be maintained as to the 
tone gquantitative interpretation of el of the diffusion data, a rather lyrge 

hody of important and nsetal mformation has heen obtained 
\Woath e speet 1o at vial hypoxia, three generahzations seem appropriate. Fiest, 

whereas ot one tin towas thonght that diftusion impairment was the most 
comnmon eatse of arterial hvpoxsta, it is now recognmized that alterntion of the 

entilation-perinsion ratio s the most common, Sceond, althongh pure exnm- 

of anstomtenl bypass, diffustion impadrment and ventilation periusion ah- 

Ity andonbredly dooocenr, it 1= common 1o find them coexisting Third, 1 
attentines difhendt with the methods ot hand to he certain that one 1= dealing 
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| 1h1 o) on 1 1 inh 1 ! vos o wnt 
| ) | 

() 

| ! te ooy | | | oot o oo ! 

1 thanpt other or ot hlood In proper v ventila ~ied 

il todeten that Port i of 1l 

) mier 1t pratent frons the ol hatt woe heve auite coml 

o | the v el ol n TURL ontlnt 
| T | ol " 

~ ' o abonn | tl hiterent eoemmstanes. pngel 
1l eal ey Mo el dlestrov e “ v bed or unt TR wl 
i, bt a3 voly wl e to tw thted . Palion ! 

' I ol | il 1 ( this 0 non oder 1) ! 

ot o Nt baw | bl ton detoer t) 
| ‘ termmne wlit or ot tly vihient snely 1t , (] bavonn | her 1 1 NI pto It o1 

! ] ' onty caol t t ' ot P Prseqd s to ek nn o 0" 

[ noaxe] ey | ta be lower i pCoOL than is the teral Blood e 
! ‘ ] ithhz hserete deop ) falvee 4 1 ' 6 f I I e trovinecd mto the e periused or markedly lerpu 1=l 

- ot of tae h \ ous radhonetive techmes and cineaneio e teehinge 
" t crdatn i e patholowie v bt 

| el comectned onrselves with whethier or nt the bl t I | e emblated aned o0 gqrnte obotens tha . 

the 0 considerable smount of ts<ue alteration the blood can b o | oty ventihite I ONE wronp of measnrements ) vith o faet 
ot | tion o Blood regures movement of nel tivn it 

: e te to ask whether or not disease ol the velatin 
| el 1ot ned the energy that 1= requived to weomphsh ot 1y 

" it 1) ctabolie rate is inereased from the restine {1 ol on Eieved 108 N cise Blood How tlnough the Tonge mmst also be o ntesd T bl 
m Pt ont tion st aleo e e Foootherwisr 1l Filown] 

Il ‘ll‘ltl ol the w iphiweral Wlood will 1 I 
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Veasurement of Funetion “wr 

nottal Simee e no Fopeople pOL il pCOL elamge hat Wl over 0w 
vange of phyaeal setivy, o . apparent that theve are e peserves botly for 
Blood sl gas Tow aagment ation Ity copially o= that, 11 e prohiees 
e tmpeshiment either v blood or to ws low, veserves e avimlable that can b 
ntilrzed i order to maintam a Blownd conel e flow proper tor the exastine et 
holie stare bt 11 gehieved ot o Ingher cost i terms of the energy need for 
P the Mk Methods exist for exploring (s St on - 

Fhe simplest = in veferenee to the blood eitenlation Pader novnial e 
ctimstanees one can donble o perhaps even tople the 1 ispthnonary Blood flow 
with Itrle o wo clevation of pulmoniry apters pressuve by veason of the et 
that there s veermtinent of new vessels amd, in aeldition. o anereise i the vad s 
of the vaseulature ot the pomnt of highest reststamee to o There aie tondes 
ot discase states mvolving the lang whieh interfere sith the eyt vessef 
revtmtment aned for inerense of the vadins i the Tigh resstanee arons with the 
reslt rhat when metabolie demands are mereseed ol cardiae ontput 1= - 
ereased the pulmonary arters pressure must be clevated sl rieht ventoele work 
it anercase e ovder to mmtam the needed site of 1 wispathnoniey Blood flow 
Bevanse the pabmonany vaseudar system has sueh o tremendons ability to neeopt 
vt merease of flow sathout an merease m pulimonmy ter pressire. dhisens - 

whieh marrow or destroy hlood vessels o wterfere wirth the dilatiwm of the oy - 
terivies eang depending apon the loeation, oxist fo » tather menor degree hofor 
potmonary artery hypertension: develops, For this yenson. messnrement of e 
pabmonary artery pressure at vest and even during exerer<e 1= 4 tool which com- 
wiondy will not show abuormalities until the volime of the total hung ol vasen- 
lr ek whiely i< mftuenced by disesise is great. It s of the greatest mportanes ta 
pronnt out that alveolay hypoxin consequent to underventilit g eanses o physio- 
loste wvvowing of the peeapillary artevioles which will not b scen with or- 
dinary wntopsy teehnies, A small lesion obstoneting s magor bronels will mithi- 
cnee sl volume of hing tissue via the mechanism of 11veola hypoventilation 
s consequent vasenlar constrietion in the hypoventilated avea. Beeonse of $le 
smehorating effeet of the large reserve of the pulmovary vasenlar bed, it g - 
poctant to know whother or not distal s ainents of the vaseular hed have boen 
obstrneted withont eansing pulmonary arters hypertension, Nemerous et hods 
rcady mentioned exist for this prrpose and inelade sueh things ne angroeaphy, 
tappies of dhstobtion of vdionetive materials and e asurement ol the ex- 
prved s or vegmonadly obtained aire for geadients of €O, 

Messmement of the imterierenee with gas How iy the teaeheobron hial system 
1< sopew hat o -m]v"\ Cine entors th Il:lt"l"!l'l“lhl"lll' sVstem Iy renson of 
e faer that it as enlarged during inspivation and Jeaves by reason of the faet 
tiat the system s dimimished in volume durving expivation. T addition 1o this 

there 1< diftusion of g 
wrass oo grdient or gas interfaee in the most distal portiens of the g Con- 

Mess moverment of e oimto and out of the In 

the thoraere 
traction ab the yespirtony nmseles duving insprccdion enla ‘

 

cage ad by vcason of mtiste contaet throush a Heprad Laver enlarges the s 
tave ot the bovnddaries whieh enelose the lung. A< the lung suefsee moves pe- 
rpheradiy mea centeifugal fashion, a pull is exerted upon all of those surfaecs 
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6N 
Fhe | 

tl the | haova diveet conteetion with thie ot -ul rovin tl travhen 
wonel \ L "V‘I s Ul LRI AN n Hoon ‘Vl otteet |~ o N1} 
[ ol e oty ool therefore . e the ¢ towall, the b 

{ e ol of those <urtanees Limine the o condimt thent are eapable of motion 
Pl pres<ae pphed. Tooadiition, the winseles mn the v reeled] 

toomese e foan the wmonth down theoueh the comlaet ine Vst n 
thetetare speak of mitsesdar contraeiion oL e e i the o \ veota i " 
11 tstance to stretelr of these clenmnts that have the o ety dor ol 

reeol Lhtion to overeonnne e yesi<banee of 1 hose Psecitts tret n 
the hin el echest wall that eve no power of cliastie reeoil The proes IS 

' d during expieation, clastie yeeml anhimge vathior the opposate the ek 

Itoas o to mweasure apflow reststamee weed both the elastie amd vieeon 
ttees of the lung, The clastie vo it poken ol as comaphanee and 

ob conprse meastred uneder <tatie ol T 1nilo ] vyeeom et 

' e wed wnder Ay vame vondytimns 1oean he e bty appetectated that 
' " teratioms lewdiog to the aecumubition of seeret 1ons vithin the tracheo 
tronctoad o or thel g ob the himtong o) thes hnen or leading to nariow e 

of et heenuse of mterterenee with ppeating <tyuetures wonld b 1o oan 
COnarway resistanee 1t vy voapertant to eealize (ot the raedine of 

! trcheohronehial troe i< ercised By the aet of msparation and that to on 
rec the narowimg of the imen consegquent to discase ean I partinlly o 

by rrving out the aet of lovathine n pPesitien ol decper inspaeat o 
W ‘ wil metheds far weasurn (it A resist i the hane of 
At 1 tanee can also ocem focallv <o that I 
vpoventilited with respeet to the vensinder of Iy | 
reststanee to flow, Methods for yeeommzine 11 Pt t 

1 1) et mecasurement of this ottt of rewonsd 1= 

Moethods also exist for measaring o ainec Iy this 1 speet B st he e 
called that comphanee as ovdindly <poken of 1~ o funetion not only of the 

clustte recorld of the distended tssue, I abo of the volitme of the e that 
= chstonded sinee the measarement cons entionallv expressed e teres o) enhi 

tineters of enlargennt ) contineter of Danspalimonaey e ce. Nine 
s n changes the volin ot thy |y cote st e oxerersed ot 
et comphiamee ehanges ne o i " presenting altevatum of 1 ! \ 

comnporent < of the T that b= berne dietene 

W B these methods for messnnme o4 cesistutiee st cotplienee e b 
' ot sned more, espeeinlly by those mterested i s Better andsrtanline 

of tresue alteration, they ave somewhat oummbersone OWer methods de<aged 1o 
| teomssimtn volume change i the lung amd maxmmm rates of Do 

ehoean e aehieved durine wasinng eond eet ion of cither mspiatory o 
prreatery seles ave more commondy el 1 s yeeommized that the resalt of 
vl trcments son fanetion of the oy ol mits=ele tores el the pesi=tane 

ton that tore vl that the vesult i of hflerentvite betwe ' ¢ two 
Prctors, Nevertheless, suel weasarenient a= the totsl hane volunm e s v o 
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amponents, the messurements of te of airflow soeh as e s e vedune 

1 
tiaton, oo nadexparatory flos pate, the tot expiratiny ! 

1" 
I owoe oty coeomtnonty nsed e the stady of people durme Iite n ‘ 

an tor tocosz dodetermine gquamtitatively the papediment to the o "o 
thromieh the teaeheobronehinl svstenme Most of the P T s nient s ey 

i I tered ot on the T after o ha heen vemoved trom the bealy 
| Fwor other phienonena deserve tiudy by essmrement, and o boile of the < 

11 Bacve ondy the most oadimentaesy know Jedas el unederstanedm hee fivst o 
mn ' -t o with the way i whieh the diseased lnnge aeeomm tor tis1p 

" 
feration an an ettort to mmtam the proper ventilation of the Bloml For exm 

ol oareas that are hypoventilated by vegson of n rrowing o the an eodn 
1 viesonng of Bood perfusion <o that in some eiremmstanees e 

W 
tidly v Blood perfusing the hypoventilited sesment. il of 1t o prel | Prahiy nto the woell ventilated areas. We know that this 1= velated 1o alveola 

p=t onvaen tenston Tt s slso known that areas that e underpertased tend ratho 
1 eyt b | ventilated and this appears (o be related 1o salveoka peo 

Ly It also Knosvn that, when some segiments of Iing ave undersentilated bt i 
i tan non periaston, of e coments ol the lane beeon hyperventilated hoth 

) i by the meehmmsm of the ~hantmge of fromm the badlv ventibated ares to ty 
ol woell ventibted avean and also by an wigmented total minte ventilitim 

e Fhrough this meehamsm the wterial pCOL = mamtained m oa near normal 
ot tate, Wy vknow that in eertam discase <tates the SPELOYY peittery 

o s toovate ane depth and the total ventilation per winnte are marhedy gl 
ol Pl i obvion<tv o meehanism whereby eo trolling <ignals e sonw v orenel the 

i capnrtory conters, and s only reasonable to assime that they orieingfe o 

yiet 
hove, ar Teast inopart, within hing tissi Fhis last phenomenon can be dorpon 

1= strated and messured to some degree by relating minnte ventilag TR ' 
1% iptake. This ratio is the <o enlled oxyeen ventilation copuvalent. Tt hie ol 

namnes aned other modes of expression. Fxereise stinhies have demonstrated that 
1t m the exererse state ipproximately 25 liters of air e resparod wle the ony 
e coouptake s at the vate of 1T hter per ming, and this lationship i< hinesr ove 
bt GV owde range of angimented aetivity, In o some disense <tates i entilation 
ihie may beeoas mieh as 3 tines this high for every liter of oxvgen uptake Whe 
e tltion s disproportionately high relative to metabolic setivity. the worl 
1y ol Taeathinge 1= hkewise tsproporbionately hagh amd the sensations sesoeitod 
e ih brcathie tond 1 spproprite 

Phe sceand poorly understood aspeet needing <ty prrtienlarly s o develop 
iy nent ob methods tor weasurement, has 1o do with o very Huportant | oo 

litnee prration o hole and it = commonly influeneed by I e || 
| to veterenee hore to the comfort with which vespiration 1< earvied ot I the restin 
Risas ! T et ot yespintion ocenrs at o subeonseroms level, ot < the 
X et nented duvme exereise, we finally veneh on eondition deserib 

- ' 1ol thedy to be o very eomplex matter We know thet i vinted 

fns " Iy ool the tesparatory conter, 1t secms also to b haeneed th 
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il The | 

i e ey crrcmustanees that secm appropriate or pornind) - When 
Breathle<siioss ovenrs dueing ippropriate eiremnstim for et 1! 
ovehimay conditun torest oo when done very v tint~ ol t 
' constdered tonhe an abmorme] sensation wdwative of sopme al ! ty ol 

fenees ot ity of the respratory svstem an hsenwae ol o 1 \ 

ot ot divcction of measavmge this phonommenon bas boen meode alone th 
hines of dete it hethor ov not the work of breathn PO Lt m 
trme that ahimrmal bheeathlessme develops | T, of conprse teal to 

rwan LRI nd to comphiou d viscons pesistanes of the In ' 

eyt ) ' =t whether or pot the volmne of an beipge breathed 

tppraptecte tor the ervemmmstanee. Moye i th o measrements pecels to e 

leveloped an this general field 

eton o on to examples, gt s appeopeiate 1o L 

tructure e more commplex than s porteat o ey e 

opties would st There bs ample evulenee tha ot vl wal 
fretory The bioehomists and histoehomists sl donbtless leve el more 1o 
tell us about thas e the pear tataee. To addition. it is an maportant part of tl 

retienlocndothiehal sy <tem and s precise funetions - this respieet ¢ As vet 
poorly understod Likewise, the lung contains withim it~ subtanee ¢} el 
=1 o kecpmg itselt eleared of foreign meterials and for vesponding 1 a 

detensive numner o aeritating materials 1t has self=protective meehan 
bl o Throneh e trements we Limve hegan o arvive af o peasonable 
~tanedn of the mechames il physies of the provess of o~ trans<ter sl ven 

thition ol the blood The taturee holds o great ehallense i terms of e isorenmnt < 
wrtant tunetons of the hi 

Wi Chse presentations amre Mostrative of somwe of the o lition=hin i | 

between weasurement of pulmonary funetion gl Tung pothology 

CASE I—PULMONARY ARTERY OBSTRUCTION 

A\ P old made who as o voung man wa cross contntry <k eliompron of 
mtornational cabiber hegan to experienee an=aal breat hlesstiess o sertion | 

Betore thes <tudy. The seventy of svimpton progressed untl L ' ' 
I ! on climbing one theht of <tams that e loul to ~ton ta I ase 
[RAAT Foaherornad pame on exertion also deseloped darn the past vear, A 

[ toroc e e e 360 <hows normnl lang parenehyma bart hin 
oot <hdow Fhe eleetroeavdiogram mdhentod vieht v By pertrogs \ 

I WO | hows wnrked thaekermg of the 1! \ 
' 1 o« wtery seen Nocabmovality o= visihle e the renander 

1! 1 ‘ v Raght Beart eathetenzation daring rest revesdod mirked 

( \ tory hivpertension without elevation of the “wedge pressnres 1) 

i ‘ ottt eardime ontpt he absenes of iter feremem " e 
5 | e ob Chee T sond swoath flow and dbistrbimtion of a1 veveslod 

" m i1 el s voluntaoy ventlation 

L o The paet that the hemoglobi was <ubmorioally saturafod witl 
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\ia cient of Funetin 

W Cose Br pudmeniney arterial obetenetion. Roentgenegam of st Tise soot b 
| Ihe pahmonars panene b mn appears normal 

" e e thronele the langs 1= indiested by the low lene 
wation of the arey | hown i Table 8 One can imter from the 
e of the arterid Blood and from the abnormally laree alveolar- 

) ) o thet the meomplete oxygenation of the hemogslobin 

ther beegnse of vioal anatormesl hypass or o omcembrane defeet. The 
\ ' weetion persiste swhen o logh oxvgen 0, of 300w, 1 

T ol cmtenal oxyeen geadbent deevenses when a 

R | Chabdeo s wnhieates the canse of the hemoglobin 
) ot the slvend mbane level bat e some Kl of an ana- 
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72 The Lung 

2.8 
o 37 Case Tt hiopsy specimen of lung tissue. Marked thickenmimg of wall aned marron 

d honen i mediim sized and small pulmonary artenes 

Farre 6o Case L Rianr Hever Cormererizoios ot pise Rest 

Pulmonary artery M40 o Mg 
Right ventricle AULR U IRTITTIN | I 
Right atrium 2 b mm Mg 
Polmonnry wedge Smm g 
Cardhine vudey 23 hiters< non 

Fawer 7 Case T Pravos sy Mo g 

Fotal Tung capaeiny S 25 hiters T liters 
Vatal capaeity 570 hivers S0k hiters 

| Tuad velime 255 Iters 200 hiters 
N rinsing enrve litors £ Fiters 

Masimm voluntary ventilation 165 Liters, min 158 liters min 

tomeal bvpass This s o eommon finding oo momber of pathologie conditions : 
cotpheated by long standing pulmonary arters hyvpertensaon, The ehannels con- 

et the palimonary artery to the pulmonary vein must exist, bt are not 

lentifiable e the conventionally prepared histologie material, While the - 
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Fame S Case 1 Prioenenar Niersnie. Ba DU LR 

P aof Tnsgrivied g 

17 e Mg W5 mm. My " " 

Memmghabin O, sat et von 87, 0 
P 

i Mg 26w Ny 
P 

mm I 02w g 
Aveatar neterial pOs ditferenes SN g o Ny 

Pamie % Cose I Vestivioy REsrossg 10 Poraosen, Foxpwery 

r, P ) ' 

Ventibation (htees min LIl in 
COL ot pit tee /nin (] 
O, uptake (ée Jmin 

s N0 
Rt of ventilation to 00 uptake (AR i o 

(Normal, 25 ¢ 5) 
ot Eoventiation to masimm voluntary ventila 

tio 1w 
» in 

Brost Wleaene no~eale of 1) [l] K} 

Corle 

Miles por hone 

AY EERITIN 

ehinnien) Iventilatory apparatus is not impaired, i s mipheated in the wa 
or comnplaint of hreathlossness during exertion. In Table 9 it ean be scen that the 

ventilation duving o walk at 2 miles per he, on the level is imappropriately high 
amd becomes markedly <o with the shight inerense of work ecanscd by walking at 
the < specd on a4 per eent grade, This is most strikingly expressed in the 
ventilation equivalent for oxygen, whieh is almost 3 times normal The degree of 
breathlessness 1= appropriate for the mtensity with which the breathing ap- 
pavatus ds being wsed asoanoaie pumpoas indieated by the mitio between tHhe 
minute ventilitwon and the waxummm voluntary ventilation, Normal persons s 
e W0 per cont o more of then maximnmm voluntary ventilation during <u<tained 
oxererse e wsnanlly s moderately o severely breathless. However, this e 
precob hcathlesness s completely anappropriste when it develops winle 
Al ona b per cont greade at 2 miles per he, At sueh o slight intensity of work, 

e bresthle << wonld be experienced by the normal person. Tt is apparent 
Hist this i experieneed severe dyspnen or mapproprinte hreathlesspess not 

beennse of an paparred an g bt beeanse of an mappropriste use of the 
parp Whether the yespiratory eonter is driven diveetly at a pathologie yate o 

is tsedd st i teto satisty o pathologieally developed respiratory desire (oo 
tex o medbivan otk or s aeombination of the two i< not known Althoneh 

to o P v pe of resparstory response 1o exerelse 1< eommo 1o 
tosplmonaey artery hvpertension. I'his ense presentation 

sere mnparment o the blood flow svstem of the lungs which in 
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il The Loing 

e o an over-all nopanent o phy<ical exererse heeanse ol e way 

mowhieh the palimonary pparatis s oo whole vesponld 

CASE H—DIFFUSE FIBROSIS 

A Sy eiobd honsew e who hed no known exposure to thy Lackation of 
" vutterials developed as her antial <vimpton st lrssn non 

prodhetive comghn, meade worse e the reetm hent Position A ovenr Bter <hie e 

veloped wrmsnal breathilessness on exevtion. Both <vimmnton proeressod <low Iy 
over the ensuing & vears until she was unable to do omore than self-came Sl 
evidences of pight <ide heart farlur developed and <he died sididends with no 

! 

| oo 11 difTuse palmonary filivosis, Reontgenogram of chest 1 voar prior ta doatl 

Diffose interbaing strandlike: demvition and freegular potdiy and finels gvagibor omeitios 

cred thromghout hoth lang 
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tton of g Teegn iy 
n ot s aof distal o N o . | Il | Falveal Foeal | 1l 

opreenpitatimg canse. Over the conrse of the past 1 hwee was 
cveral trals of prednison he chest roentwenogram 

0 Fiaewre 38 was taken 1 vene prior to desth and reve I« o =mall ing 
the dlitnase e steands and devegnlar patehy, fine, granula densitios sent- 

liyen it hoth | | ntive mediastmum was quite wide and the 
I oats conld ot be elearly i fierentianted. At antopsy, the ent surtaee of the 

S Yanin " ranec vescmbling cirvhote hver, There was n 

e prrenehyig, most severe o the lower hali of 

| | B3 A e might expeet from the roenteenosm el 
the sppesranee of the toantopsy. messurement of the vartons volimes of 
the Tame was helow sorneal m the manmer eharneteristio of Vrestietiv e defect 

Wi Fabde 100 The e spaees may have heen somew hat nevenly ven 
wormsing enrve s <hehtly aboormal, Tn o spite of the 1 

s | the fibwosts, the maximmin voluntary ventilation remimns ot 
nonral love ractenstie findimge in vestrietive defeets. The hemoslobin 

oy o crstbed durine it passage throngh the limes vin e prahn 
tied thins elofo ot tetented by exererse Shown i Table 1 The 

Fatane | eokar and arterial pOy i< abnormally el g rest e 
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CASE T HRONIC BRONCHITIS W AIRW Y OBSTRUCTION 

! eRSN, .~ 

Veasurement of Funetio = 

mt ol abwonaa! e in ipprorte beeat blessa 
o the samn vichinivea hisenesoal 1oy enae | 

! 1] old barterslor s bhia ) vlnstory ot dardy congh cn tar Lk 
i suned by copnons fomit- of phlesm daring nio-t o ' \| Ocdes ot parndent spatim aned thce to fom perinds ot hou 

1y el e congestion are reeomnted. Nnliple il } i the past B vears heesise of bronehopae umonin o 
" | cooeenrred e has Band known e pithmemale aned 

1 2 vem A ok lnstory af twe o more paeckaees 
" s Pltanately, e dind o fow hours siftor ihnsson for I opietnenn s congestive hieart failue \ittopiey 

) vhnbar pmenrmoma with parndent heoneln- LAY R el eN- 

T e Lironedatis with muee 
s ghand by perpbisia Plog of muens i - 
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Fus 10 HE: boge lung seetion demonsty iing that 1) ] | | " ' 
bovszely prserved, with only minimal omphysna 

) 

tensive heonehnad mmeons gland By pertroplis, cor patiwms e, anmsnre el poly | 
exthemin The severe wmeous gl hypertrophy s shown in Fron 10 sl thy ’ 
| wtually absenty anatonsienl cmphivsemia s demonstrated i the Tare | 
I seetion <hown i Figure 41 Fhvonghout both lung<. many, bt not all 
e paddonay stern howed thickenmg of the wall el coneentne narrow me | 

= shown in Figure 42 The following diata were obt vned ahont | ovenr b fore 
] destle and at a0 time several months s fter Fecovery tronn an eptsode of hron 
chopnemmmia and congestive heart failure, In Fion 83, three voentgonom 

hown, The one on the left was taken ot full insprration sl 
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Hetnaglobin OF satuention i, 1w, ) 
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20hmm Mg 
" 

742 
Hetnt oern 
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} ' b Lrge Tung roots sl protmment bronehovisenlar lane e ke I'he filin on 1y il oswas tnken after 20 soe. of forecd expiration to demonstrate the varee to whoeh the lung could Iy cmptice The evnter film was made 5 et tor the onset of foreed Spreation and <shows little veduetion in e volume at a tine when normal persons will e empticd the lungs to a0 maximal Flas <ort of an tr ppng s charactoristie of fhe obstructed e This <anu phienonwenon is <shown by the high residual vohime and reduecd vital eapaeity conon Pable 130 Tt i assumed that tly persistently narrowed hronehi elose or heosame wan canse elosure distally while the lung <0l contains an unnsnally 
' e volume. Another evidenee of air conduit WTOWINE Is scon o the sub o] s voluntary entilation noted e Table 130 Aiflos Tesistinee 

ot unttorm theovghout the e el th to nonunmtorm deep hang 
pawe ventation s <hown by the gh terminal veolr mitrogen and the b notu] natvogen rin 

hooranl ox 

e enrve adheated i CFable 13 That mineh of 1he hypoyver I 
rtoof the lune periased by prlimonary artery blood thus leadmg 1o 

enabion of the peripheral arterial hlood - hown i Table 14 Pl 
m leadn 

or arferio 
] shown by the lngh artevial peOL and the faet that 1 hemao- 

to artenndl hvpoxin is not membrane e feet 

sarated when vespiving o high oxyeen mixture, It < glsn the novmal D, C0 soon in Tabhk 13, 1l low alveolar pO. consequent | vpoventilation i believod to eaise putmongry arteriol spaste. Tl 
PO may, by doeal pIl changes, also infhinee this Tl iteriolay 
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Veasuwrement of Funetion 

Pamew 15 Case L Caimise Corme ieuiz s otos 

Retin Mk ' 

Polmstinry artery GO0 e g SO e g 
bt ventrch 632 e Mg WG g 
Wil Bomm g 
Coavebine ke Pl man 2 hiter</min 

Panee 16 Cuse THE Vesonvnon Reseosse vo Turvosine s b s 

Ventibstiom per nin IS hiters 
0 put 195 e 

0 vt ake 
G20 

ot of ventilation to O uptake 0.l > 

Normal, 25 4 5 
Respentions per min 20 
oot o ventibation to massammm voluntary ventilation = 100 N2 

Breatbilessness ton seale of §) I 

see footnotes o, boand o, Table 9 

tartowing plus the merease of blood viseosity eansed byt polvesthenna 

leadds to pulmonary artery hypertension as shown in Table 15 This in tuen lesds 
to cor prbmenade, The long tevm pulmonary artery hypertension probably pro- 
dieed the ehan s seenan the wall of the small arteries of the lung, <hown m 
Froore 42 This artenial wall reaction i turn makes the prlmonary vessels Joss 
compliant and augments the hypertension during exereise, The ventilation re- 
sponse tooexerelse s of special interest. The ventilation volume per mnte, 

shown in Table 16, is only slightly higher than normal for this intensity of effort, 
1= 1s also the LV, Even so, breathlessness is quite severe, The ratio of ventila- 

tion during exereise to the maximum voluntary ventilation for that day i« 82 
per cent T apparent from this that the entire musenlar capacity for mosing 

i = hemge atthzed duving exeretse, bt the resistanee to airflow prevents 
propreate ventilatory pesponse. In other words, exeessive or inappropriate res 

prvatory mnsele aetivity is needed to overcome the high anway resistanee, aml 
henee the sensation of breathing (hreathlessnessy ix totally inapproprate. 1 the 
rway resistanee were somewhat less, an abnormally high oxvgen ventilation 

coprvadent donbtless wonld have developed as it does i many persons with less 

severe nirway obstruction. This ease demonstrates the Kinds of physiolog 
povrment that aceur conscquent to persistent elevated resistanee to airflow i the 

\ vec ol arelatively antact periphernl pulmonary vasenlar system. Chare- 

tenstienlly s theve s an mappropriately: high work of the respieatory wmseles ot 

' olimes of respiration and o reduetion e the waximum eapacity for ven- 
frlatton, Tnondditione therve is severe peripheral artery hypoxia and hypereapma 
consequent to alveolar hypoventilation. This leads to polyeythemin plus pul- 
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Fre 45 Case IV 2 targn lung section dimes PEabitge exXtensive craphy o e ) fal 

’ . ' ol sl the wppiey folw 

In fion Bown i Figure 45, 1 thig the eharaetoristi Ppearanee of 
| 

cal vl wia Hhistologie eximimation of the hronehy yesenlid notmal 
| el st et e Fhere moderate engorgoment of 1l prtlionary the HEventiele weasured 5 mm at it thickest et The exviadin nl Ting TRLTIE o cmpty at properly e <hown by the Livge toty) 
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I t 15 I 

S J e hoand o Table 9 ot 

pacrty and vesidunl volume noted wn Table 17 Evidonee that the pert | 
ko part o ventilation was inproperiv ventilated s devonstrated 1 

the hivh tenminal alveolar nitrogen obtamed gt the cid of 7 min. of oxy | ( 
I thimg tor prrposes of measuring the restdual volimne, That pesistanee to 0 iy 

i flom severe s shown i Tabl by the markedly sabnormal pexinmm vo I 
it ntikation and fast expiration 1-sce. volung el abso by the ) hiveet m 

) werwent of apway resistanee using the body plothivamograph, T this o % 

the ol tod arway resistanee 1= not din to | POy of ! Tinenen iy I 

" of the bwonelnal wall, The eanse of the worow g = not peadily <o \ 

1 W e Yol pem Caretul mea<aamrement of 1y e ters ol ot ' 

b Toneln have shown that, on the ‘ they e narrowey 1 \ 

vtanenl cmphysema than m normeal porso I ceonnts e pant for “t 
(IRIT tance, partienlarly when one veealls that the pdins anflaenes 1~ 

e by a power of 4 There s some evidenee that there a= also o v \ 
mtion ot an pressures about the ost distal and unsapported ae duet m 

that these tubes beeome abnormally naevoswed duvng forecinl expiration. 1t I 
hely that hoth of these Kinds of mnron ten fromn o loss of extisne- 1l 

pport of the comduts as o result of the destraetions of distal e anit s 
| tanee o these distal strmetures as condimt wyl Iports W e 

ceentation. In stnking contrast ta o HEL, thos man bl I\ 
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PAmie 19 Cosk IV VeExinanos REsrosse 1o Trmsnine By 

Vennlation per min 
12 hiters CO vt 

O aptake 
G20 ¢ Ratie of ventdation 1, 0 upt ke 

0 

(Nuemal, 25 4 5 Respientions per mn 
r Ratio ol ventilation e maximum velut ey ventillabion < 100 i Rreathlessness tan seale of 1 

3 

CSee footiates a hoand o Valde 9 

il pevipheral artery hypoxia and no hypereapnia even during cxercise as <hown m Table I8 The nature of the anmatomieal lesion is sueh that the dista) pul- monary artery vasenlar bl is destroved in the poorly ventilated areas and el transpubivonzioy bloowd flow as does oceur passes meinly through relatively Well o even hyvperventilato) alveoh. The Jow peo, stggests this, The redie- tow ol capillary surfaee 1 imdieated by the submoral 1,00 shown in Table 17 The <hght atenal hyposia s probably due to o high transit time in the re- miaining alveolar eapillavies, althongh some actual shunting has been demon- strated in this disease and may secount for g portion of the hvpoxia, The ven- tlation response to exercise i< shown in Table 19 The comments made in this e i ease T apply hore sand neod not be repeated. As s the faet in this eose, cor prlmonale is Jess eommion and ecortumly less severe in anatomienl cinphyscma then e ehronie bronehitis of suel o severty that it eanses amway obstruetion Two faetors may provide o partind explanation of this aenerally aecepted oh- sorvation. The loeation of the varrowng in all of the large ronehi in severe clivonie bronehitis means that al) parts of the distal ng are subjeet to sy eolar bypoventilation and i« consequences i ferms of pulmonary artery hvperten- ston. In eontrast, anatomien] ciphysema is distributed unevenly and, althongh mueh of the vaseulir bod miay e o stroyved, that whieh remains has o better complianee amd ean b distended pore readily, Tt scems probable that for eom- patable severitios of qwny obstrnetion the pulmeonary vasenlse obstietion mizht b ess i snsitonaend cphivaoma on this basis That polvexthemin s s severe m aratornes! comphy sema may be an tmportant added factor, A seeond faetor velates o the ehnieal observation that a comparable Tevels of airway ol struetion the patient with anatomiesl cmphysema beoomes more breathlees anld 
activities than s his connterpart with chrowie bronehitis. Beesmse of this, the average antensity of physieal offort 

15 phvsically weaker during his weneral daily I 
d 

and henee the level of earding autput s probably less in anatomieal ciphyscing, Fhis wonded B seenmpaniond by lowe average puhmonary artery pressure duving e menths preecding death trom this disease and might acconnt for the Jese 
waere cor palmowale e emphivsems Admittedly, this is a yost complex 

senn b thought of hat will not be considered here, Case 
problom and other 1aeta 

IV when taken w contrast to ease [11, demonstrates the stviking differenee that 
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