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ALL WHC PURSUR WISDOM

' fequire Wisdoms
And with all your scaulring,

get Underatanding’s
(Proverbs. 417)

‘ &nd to man 00D said,

‘Beholdsy the fear of the LURD,
that 1s Ulsdomg

Aind to depart fronm avil is Understanding’.
{Job, 28!23)

' Do not be wise in your owh cyosg

Foar the LORD and turn away from evil’.
{Proverbs.317)
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* The Xord Jod formed man of the dust from the groundy and
breathed into his mosirils the breath of 1ife; and man became o
Uving being®s "He 1s the Lord of heaven snd earth seessses He hime
self gives to all 1life and dreath m 21l things® f"? Life continums
in tho body of living boings until t!w breath is taken awmy,

The Inymn respimtory systoam 1o the organism vhich acospts
and utilizes this breath for 1ife, sustaining activity of bumn
body. Thers 1s a contimions exchange of gases betwsen the pulmonary
organiss and oxternal enviroment in the mspimm sysiew and henew
4t 13 s pneumtic system. Hespliratory systes consits of all COMPO-
nonts roquired to pass air into and out of lungy, to tmnsfer nece-
ssmyy Oxygen molacules from the air into thoe blood, to transport
this :ﬁa to and collact the Qﬂﬂ from the cellsy to earmy ont the
utilimtion of O, in the cells and the preduction of €O, and other
waste productsy to transfer the waste productz back to the dlood
ani then %o transport them to the lungsy to excrote thess products
into The lung sir and ﬁ.mlly to sxhaust the waste air into the
ataosphere, |

Gnses flow from atmosphars to lungs (bresthing)s from lungs
to bdlood{diffusion)y then to cepiliaries {fluid flow), to intrae
cellular fluld (transport)s to cell membrane (trensfor)y to mitoe
chondria {cellular respiration), then back to csll {diffusion and
naubrane trensfor), to intmesllular £lndd (transport), to capillaw
ries { membrane transfor)y to blood(flutd flow), to lungs{transport),
to alveoll (vreathing) and then back to the ttmnphn.[a} :

- Any defect or ohstruction in any pert of the raspiratory
organiss has its effect on the bhreathing cycle and hance the
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uetabolism and connectsd activities srs affected.

Accurate dimgnosis and timely traatment of the defective
arenz of the resplmatory organiss $2 the task of ths physician.
The umccosssibility and 4ifficulty to detect the affected arex
in early stages of diseazes pose : ik greatest problen in thig. |
Aain aecurscy of the diagnosis evidently influences the offie
otency of troatment. - ,

Proper study of ths oystem and 1ts abnormalities 35 the
sasential aspsct of better diagnosis and treatment. Yo study
the system belmviour undsr normel and abnorenl conditionsy modols
are used very often in the past two or thres dscsdes. Many
nodifications were made in the simple models and in the method
of approach to the mbm of systes belavicury in thess ysars. ’
Ihe digging into any systom gives more knowlsdge aboutl the system;
but it makes the sclontist wonder at the still hidden and wmat
fields of the system to be understoods Hence there is scops for
mors detailed ani scourate study of the respiratory organiam
vhich gives bettar utility for the diagnosis of the lung disesses.

In this dissertation work, modeling of the hmmn rog-
piratory system with specisl attantion on its disgnosis utility
is studisd. The essential physiological atructures and functions
are stndied in the second mptar. This givas the basis for the
modeling of the system and can bo used for further improvoment
of the nodel given fn this works In the third chapter the philo~
sophy and the different methods of approach of the modeling are
explatnedg In the fourth chaptor, ths general modsling of the
bumen respiratory aystem incorporating aur present concepts
of the lung eare discussel with refersnce to the recent works in
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this £2018.53% I tho mot enptors o more Gotoaled modnsd
fop pulconey ofipmay gyston 1do dovblopod apd stedicd Cho a?m
botmviour Baccsd on o nedols davoloped omll énta esnaa’acﬁ W
Colian ot alst?T Cuptn AoR.E®T cunsm, Jown vde ot 03l7T cte.

4 mou diapgaaotic oothed o Poctify thoe dmviaglsn of ko pmvims-
potheds 4o formmlatode Thy dmaecossibility to tho dnnoy

pardn of tho opganich npd tho imocourney of ooncurocsnts fn thoro
parts givo: 1ittls fden about ¢ho diecnsos of ¢y oilent zond.
Using tho podol dovolopzft by ho author ond ullifeins tho Sfooe
quoney fospoass Sochniqen foroalnted Y Enifors ma%%j o beltorp
polutian for Afagnopis of this leny tlosus obstmm%m g0 vorierd
out 9o enptor oife In tho comeluding eimptor (ho solativ mopits
ozd odwmutages of ¢hy vork dono by ¢ho cutlho? oreo befofly dlcouote
ofle




 The mux'abanms of gases (Oxygen and mrmzmas)
that take place within the lnngs 1s often referred to 83 tha
extoroal respirstion. The gaseous intorchanges in the lungs
depends on the differsnce betusen the 0, and CO,, pragsures in
the pulmonary alveoll and the venous himd flowing to the lungs.
The transition of the gases 13 governed dy the definite physieal
Iaw that if the gmssw of a gns in 2 liguid d1ffors from thet
of the gas in the surrounding m, tm pgas passes from the ligmid
into the air or vics-verss until ths pressures are squalized.
_m partial nressure of 0, is 100 fo 110 my Hg in the alveolar
alr and 40 om g in the venous blood and pulmonary capillaries.
The partiazl pressure of cag is %0 1w Hg in the alvwoll and L7 mm
Hg in the dloods The gasezous iInterchange is also affectad by
the cells of the walls of the pulmonary alveoli and of ths blood
eapillaries of the lungs (Fige2.1).

Zele2 Inta

Intermal respimtion o tissuo rogpiration refors to
the exctangs of gasos in the tissus colls of the circulatigy
system where metadbolicm tales place. (Fig.2.2) Tissues absordy
0, only enough to mest the metaboliza nesds and CO, 18 remowd
from thess cells. Cells are bathed in the tissus f£iuid which
forms the intermml environment of the body, The O 5 tontent of
the dlood is not incressed as the demmnd for 0, gmm‘ greater
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in caoonlar aotivity; but beetuse of tho d2latfon of Lho capie
llnrdosy 0 greator anoumt of dlond flovs throuvgh thn $issuase

e ca produecd io tho cellaoy bavies hisgh partisl prossurss
aimc:m through tho coll wonbeans ioto Sho CInid of ths Xgmih
speogy then through tho eapiliney 11l 4nto tho dlood plarm
8l dnto tho fcl collu o Bo enericd back to tho beart and Ixage
Yy tis vansus Dlosds Collulng motabolfen 4o concernod vith tho
utilization apd roloacs of onorgy fyon foolige |

fis shown in Fig.2.3¢ hygrootatic (blood) prossure in
eapillarios is aa to 30 Hz orfd in Sdoton £Iuld 48 6 to § ™
Bz. DIffoetivo hydrootatic prosoure is 22 oo B3 vhich uould
toml to foreo tho fluld dnto tho Liscun spoeose Sindlarly tho
offoctive ooratic prossure 4o W Mg (25 m B2 & plasa
protuian and 31 mm H3 Sn S4souo protoimo ) vhich aftsneSs £ludds
terapds blood strenne. Zhms Choro oro U0 opposing foress FOGLe
lating tho of flulds bokrvoen tho Dlood nd YLsTIOD.
Tho differonco botwoon tho fuvo offoctive prossupesy chanl § w
By roprosomto tho filtsation prossuro viieh movos the £1usd
into tho tiosuo spocoss
23 FErasL s 202 |

Nagal eaviticsg pharyngs laryngg tioehany bronehi and
bronehiclon.all fornm parts of tho pulmonasy peimry afiftays
vndch lead ¢ tho air To ths luags ond oro giteatzd in the
thorncle cavity: (Mg«2.%)s Inrynn, a cartilaginons sbrectume
ot tho ontraneco of Srochony ms voeal foldo ond 1o protocted
£ron obovo by a movable eaptilnginous 138 enlicd opiglotiis
v’aieﬁ opons as ond broasths cnf cloces vhon ond stellous. Tho
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gloteis leads into tho teachoay a loag mymbranons Subo
supportcd by rings of cartilage and fibrous comnsctivo 40520
uhich gives great flexibility in traches apd yet are strong
onough to rosist esoprossione

Teachon is Cho post of alsmy fron laryns 20 uppor
bounfnry of chust vhdrs i¥ is divided into tuo bronehi.
Trachca has $ho lapgost dfnobor of about 1§ to 2.5 ridpd
iz a longth of about 31 oo | |

Dranshl bronchos by over 20 nonsyn-otris bifurestions.
Bropchi hawe smllor dianstors ond bronchioless the cubdivicions
of bronchi have #2311 conllor dinmatars of about 0.1 ome Tho
dlamotor doereasos in termimal bronehiolss (abaut 0,05 o)
ani still docronsos in rospiratory bronchiolass vinro somo
alvooll are nttached s sall aie sneo (o the wll of the luage
After sors 8dditiom) brovching those aid sren vith numorous
pouchos Anerenso in oumBbap bocondnn tho pulcomry alwcoll
{about 0.02 & din and abopt 300 millfon 4n number) as shotn
in Fige2s9e¢ Through tha valls of enpillardes in alveolosy thoe
oxehrnso of gnoos bBotvoon blood ond the alr tolos plocce T
alveolny supfoes aren ie aboul 80 squnrs motors, of valch roro
than thres qurma 1s capilingy surfnen. Unliln tho Dronchi,
tho dronehioles havo no caprtileges or glands in thetr valls)
but 1iko bronchi, thoy oro couippod vith smooth rmscle Fibeog.
Gemtraction  ¢f these musels f£ibros csusdy spasns (eonstriction)
of tho mmhio’mg.

Upto about the touth stage of Dranching, tho dinzoler
of tho aip ecnes 4g toro affoetcd by prosoure fooido tho
thorary eallcd ploumal proveurd. Bayord this poSnt tho
oclos ayo onbclddod vAthin Cho clvooiapr lung tissuo ond thofe
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am%?a age affocted dun 0 oxpsnsien and rolaxmtion by

the lung sizo or lung voluvng (VY }»

The ¢v» lungs oemgi@& in ths thoracic eavity wry in
dro anfl ohopo. the right ono boing larger but about an inch
shortor $ion tho left ono. A thin sorous mesbrane ollod the
‘plouma’®. covors exeh lung and continuos over tho thoracis
©=lly the dfaphragn and ths latoral aspoets of thy nodinstinum.
Ploura hns tuwo layorse. Thy pulmonnryy plourn #m»s the Iungy
tho parfetal plours lines the ¥all of the chest ond covers The
ﬁiﬁﬁﬁmgﬁw The two layors are in contaet opd Gho 91@3&1’31 cavity
bottoen the two layers 25 only & p&%ﬂﬁi&l NG

| s lungs aleo contain o vory chundont circulotosy 4roce.
‘i‘m pulnonery srberios (velns) divide into smaller ond soallor
branchos uatil £inally 4t posolvas itoelf in eapillary netuvorks
around o bronchieles and alvooli. Pulnopnry capillarics nnspe
tonpse o fosm tiny vomloo as tho blood leaves the alvweoll ang
gire rios Co pulumonary volngy whieh earyy frochly oxygennted
blood back to the loft ntrium of tho heapte Tho tissuas of tho
lungs are cupplicd ty bronchinl ssteries dizectly from tho sorta,

Breathing is accomplishod by msculaturo Pnt litomlly
_ehangos tho voluno of the thorucle cavity apfy in o dofngy
eredton nogative ond positivo prossures that aﬁw a;r iuto ond
cut ¢ho lungs. Tuo sots of muscles are favolvod in this. Ono
est of mselos aro those vhich are in ond neoy tRo Gdophrgn
thmé ¢auco tho diasphrapn o novs up and Gowny changing tho

pieo of tho thorecic enwity in tho vortical direction. Ond

tho othor onc vro those ( oztoirmal intorepotalos inteéml
intoreostaels ote.) tine nove tho £ib cage zxp apd doun o

ehnge tho Intoral dinnetar of tho thosnzne Ereathing ocoure
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gaythopically. Tio lungs do mot $alo any octivo part on roce
piratory novernsiice | |
Daring inspii'atian undor tho influcnee of nam irmule
sos the diaphragn contracts { duo o diaphrapn miseles J and
the rib eoge ocutstrochos ( duo to extersal imborcostal muscles)
the lunzns givzng o yomultant inerense in thomele volumn and
croating intorvial pressure { Dogativo ) of about-L mm H3 &n tho
thorax vhich iz rolieved by air entoring tho lunzs { ag the
only opening for tho clased thorsciec chambor s from insido the
lungs)s The lungs thomsolvos ars passive end espand only bocaucd
of tho intorcostel prosture of the afr in tho iwagss vhich s
grester than the pressuro in the thopax (plourcl cavity) oute
side the lungs. IHrmal inspiration is said to bo sctive s it
roquires thy vids and disphrapgn to rove fron tholr positions.

Torml expiration s passive ( except in foreed oxpiro
tion ) for; on roleass of tho ingpiratory ousclesy tho elantle
eity of tho lungzs apd #ib cogos, conbined uith tho tomo of
ths diapbrogas roducos tho w1m> of tho thorax thosoly dovolops
inz o positivo prossurc of about +h rm Hz, foreing tho adr cut
of tho Iunzs. During expiration tho abdominnl mmoelos Hovo
tho ampig:ﬁz;;gz ek and tho thomele sage can apply prossures
as high as Y0 rm Hz on the Iung vallg. | .

Tho prosoure sigml that drives tho respimatory aystes
is tho progocure differonso botresn ¢ho vouth apd Che Antrathoe
racic { civst ) savity. Since tho mouth prosmure ( vhich is
{tho atmosphorie prossure ) 1s constant,; nomml breathing 1o
induesd by chorngos in tho intrathoracic pressures Eut in foreod
ragpiration o artificinl rospivntion,s tho intpothopacie prosoure



1
poraing pore or loss constant and $ho oouth prosguro is varicds
Thero are tuo typos of mormal respirationd (1) Abdfeimi
(protondmtos in rales) dn vhich tho thoraele capacity fnercasos
minly bocsuse of tho coatraCtion of tho ddnpheagm (inercaro 2n
vortieal olea) and (34) Costal (mninly 4n fornleo) fn vddeh Sho
eapaeity incrensos dun Lo contraction of ofthnr roopisntory tuoelos.

e odbility of tho lungo and Chomnz to empand dnﬁng
broathing 28 called the conpliancos Vaich 4s omprosssdt as tho
volumo Snercaso 4n tho lungs por uvodt dncroaso ip fntro-nlvoolap
progsource Iw rogistance LO tha flov of alp in%o and cal of tho
long 15 called nismy ropiotanes. |

ifforont noural cochaniomo 'éﬁs:rrt control ovar broathinge
Tho rocpiratory contep i the nzdulin consicts of 1D conlros thich
aontrol" tho roopiratery mte opd depSh of breathinge Thoy 8o
*inspiratery sopire' and ‘onpisatory cantesl.

Impalsoo from tho insplientory conteo Goscond throush o
spinal gord cnd then throagh the nyrvos to tho rogpiratory rmoolofe
fomo dnpulsas immorvato tho dlaphragn esusing it %o contyaet 1ilo
others stimlate tho ‘oxtorml imtereostalt muselos raising tho
péba; thus incrcasing the thormele cavitye

Tho *datorml intereontal® migelos are immorwated by o

singtiny sot of Dourons,; bul thelis funotion is omiratoryse Thoy nid
In lovering o »ibo duping o dcop or foreod ompiration. Inchk of
fcpulsns to Cho inmpimtory contre relnmns tho mmsn’
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The 4ngpientoyy and emiratory combros orhibit rociproe
eal irhibition cach other. In nosmol rospirationy tho dmspizatory
eontro i@ domimot as 1t bng o lovop throshold. Dat the olastie
long tiscuos oro otrotehod and the 'mncory roecptors' in theso
tlacuss aro atirmloted by the ascumilates m& vhich in tora panson
frpulcas Yo tho rospiratory comtrol contros. Gince tho oxpiratory
contro ks & high throchold, the lungs will continus to iaflats
untdl tho control contro is finally stimulotods The inepisstory
centys s thon rociprocally (nhibltod and empimmtion follous.
This afforsnt uechanisn protocts the langs fron inflation.

_ Whon wgos mma BrYo oty brvathing becomos slover ang
doopors but stlll the Fhythn is rotadncd, due to the third con-
trol arcs on Che uyDoP port eallod ‘pnemmotaxic contre’s capablo
of substituting as an inspizntory inhibditory mochanign. In ordi-
wapy hreathing, afforont inpulsos from lunps nre domimnting, bat
vith inercacod pogpimtory activity, sticuloted by o viso in body
teopomturoy the prnoumsiaric contre bocomos woro dopimnts

in notabolim den to ehm%ml ﬁmhmﬁ.sm Thoy o affoct thy
rogpimtosy contro dircetly or throurh ths chonorseoptors loentod

in tho carotid and adptie consory Lro2se In ordimrpy bdroathing
chonorocaptors amprd only ¢ £nll repulatory offoesty but vaon tho
ﬁé contont in tho artopdnl dloed lovorg, thoy docono 8 noro iopoPw
tant soupes of otirmintion for rospiration. Thoy aleo ploy o port!



the renguintion of bdlood pro3sULG

o valls of tho earotid simess and tho arch of tha
acria containpocoptors that aro stimnlated ceemnically by o piso
in blood prossure. Thase prosssroceptors are primasily concermnd
with tho eireulatosry rognlation, tut influoneos rospiration alsoe
A sudgon change in blosd prosouro stiobechos or comtracty tho
eortie nrch and carotic simis arensy stimmlating tho PrOSSOPaCapLos
and inhibits tho rospiration centro reflozly. Prossoracepiors
do not appear to bo s ossontial s chonsroes)iore In tho rosnimae
tory Pegulotion.

2,6 FAGTORS DIARCTLY AFFTGTING THE RSy iasvomy cnmmanti®]

Hourons io tho rospiratory contro apo directly affoeicd by
changes in CO, comcontrations voristions 2n the apount of Carboale
n0id, tomporaturo of ©ho Dloodl at mefulls amd mte of blood £lov
throush modullary tiosuos

Only in capofully emt-:*allc& oxporiconts ¢an ono i"aci:ar
b domonstrated to 0o oxelusioa of dther factors. Urdinarily
all chonfeal ond norvoas mochanisus are co-ordisated in the contpol
of rocpiration. If any chaniesnl or physical rogulators are to o
ainglcd ont fop spoeial considorntions changos $n 502 coneonl e
. tgon omd ehnmos in acddity of Lthe blcu& are probably tho most
important in the control of braathing.

A deercenso on 0, inimla doos not affect tho resplratory
rafes. A8 poon as Pho bdlood accwrmlatos o coptaln anount of coag
ths respiratory {inspiratory) esuive hacomas oxeitod and an

inbnlation takos placoe Duping inhaintion tho lungs oupandy
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stirminting tho ondings of thy wigus norvo ouboddod 4n Cho tiomo
of ths lunpgs. Tho oxeitation arising in the roesptors s Sronge
sﬁzttcﬁ sloneg ¥ho vogus néx*va to the pospiratory (oxpiratory)
cantyo and 4nhibits 41, vith Cho rosult fnt an oximlation ocours.
During oxhalation tho surplus €O, is olinimted fron the organien
and Yty econeontyation 4o tho blood deerensos. Thy pont inhmloe
tion will talw ploeo vhon tho 662 concentration 4o ths blond is
again sufficiont to otimulato tho inspiiatory contre. Thus
rospiradion fc sutomtienlly sogulatods an inbalation stimintos
an exinlatios, and on suhnlation bpings about necurmlation of

G0, vhich stimalates an intalstions |

In addftion to tho direet offoct of 00, 4n tho blood o
on tho respirafory controy an inerease in @ﬁa incronsos ¢he
anidity of m blood vhich also acts Eﬁﬂ@ﬂy on tho elrefsroseps
tops eontrolling tho respirations |

i 4neroaso in CO, in the inheled gas { duo to intoacd
rmiseulay vork ste.) onelitos Sho inopiratory contye Lrmadintoly
afior tho eztnlationy as tho conemmtration of CO, In tho blood
is alrendy oufficicnt witheut furthor accumlation. In such
ea80s m-s@imtmﬁ bocores accolorated ang 4yspnez (labonrod breath
ing) Govelops vhich vill in turm rcfiucos the oxoftation of tho
rospiratory contres bringing the mte ¢0 controle |

Holding tho brcath for 30 scconds or oo through voluntary

porvous control io possiblogy but zoon chomionl stimli ovorpovor

21l voluntary irhidbitlon am8 ons is foresd to tako & broaths
Bmtﬁ%g.rms conoidoradly with indfvidunlis, agop physieal netie
vity ond oxoreisos apd also 8icoascss Avosngo mto' at rost in
adulte 1o 16 tHdlo o nov bora Make Imo a Fato of nbout 60.

If totnlly deprived of 02 for just n fov oimios, cortair
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porve colls in tho brain nndorgo irroversible changos. [Hlder
degros of hypexzis my also produeso serious effontsy vhan tho
oupply of O, 4o malfemorml ( Hypomin ) as in air flighis et
10,000 ooty heoadnehosy popeholozical Sopaliroent, cuphoring
sloopinoog ond fatigus my occurs Similarly samll pcmataae
of cea in th; inopired gao (byporeapnta) my rosult in a 2iv0e
£0ld insrcaso in mﬁ:ma:tﬁ.om A% 1ovor lovols, vharo atmosphorie
proocare 4o hichy in additfon to 0,5 nitrogen entors ¢ho blood.
I¢ ¢ho prossuro doercacos rapldly ¢o normnly Cho I, surplus
vill not bo olinteated ren tho bloed irmodintoly ond hanes
bubblos of gno vill fopm in Uho blond vossonlss Joint pningg
oaselo pains, voniting are the soeuils apd this i colloed*Coiscea
diocacnst '

I a strong aoid Lo injoctcd into tho Dlood vossols
(acodenin )y the numbor of ortorinl B foms ricos, stimilntisg
vontilations Inoxoase in ventilntion doorcasos amml Pcsa
bolow normly lovesing H° dack torards pormile

Protoctive aetn® of eourhing apd snoosing aro aspocints
e8 vith rospiration anld aro porforcsd woflozly. If thy prossuro
1s roloased through The throaty 4t Lo cough. Coughdng 4o tho
réopontss Lo irritation of tho rucous poobsune of Sho latwng,
pharynz or bronchd by particlos of Guot, food elc.y pomatrating
ioto tho orgamge A gough folloving o dosp Inbalation ezpols
- tho 0lr forecofully Crom the adr papsagos ond the ipritant In tho
aipr pasogoes 1o aleo enpollode Ag the oir is cupolleds 40
sots tho voeal cosds im motion vith thy eharactoristic conzhing
oourds If o air s Corvoafully diroetad theough tha ROCHy
tho action is ealled snsomiagy and gasosing o ¢tho rosponss o
ircitntion of ths mcous nombrons of Cho EDcos It vorks on tho
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gary principle as couzhing.

orappal 2sksl0s1kel5 ]

Bogpiratiion systen &1&@&@5 affect the rospisation
pracogs as thoy change tho charneloristics and paramtors of air-
wvayny alveooldy dinphragns pospisstory mscles and othne subesyctons
Conntitativo msaoureront of variablos associntcd vith the procoss
in ths lungo is fmportant for the physiclan Yo porfors clinically
rolovant toshe of nsesossing $ho functioml status of Tho rogpirts
tory cyoten ond intorvening in its functions Obstruction of tho
airtvayoy lnek of complianco of ¢hoy lung tissusy efficionoy of
trnsfor of gasos fron tho nlvooli to tho blesd, and monsurcment
of t1621 voluno havo walnable dingnosis moaning. |

Dyapnon pofors to G1£ficulty in breathing amd my Yo duo
to eardiae failuro, puloomry cden of onphysomas

In pulnomyry cdomys thoe capillary blood prossure pisos
nbove that of ¢ho plasmoprotein csootic prossury vhon consostion
ppens (duo to cordine foilurc op pmsumonin)e Homeo fhxﬁzi begins-
to £111 the alveolar and Sntorstitinl opncos and Breathing bocomes
Aifficuls as the longs st remin dAry for crooth rospiration.

Puphysorn 49 dup to tho becalking dova of alvoolar wall
' pmmésivalyg tims vodueinz tho apeaavailable for oxcimpge of
gacose Honeo thoflp capiliarios alro dogemorate toniing to riso
tho pulconary blood prossuso.. Gooking lneronses ths 1ikolihood
of developing cmplyseme . ‘

:‘"ﬂm voluro-flow rato omi tho tins dntagral of woltrde
£lou rato are nocl ¢o astimtbo tho rate of chnmo of lunz volwn
and tho changos of tho lunz volurdy rospoetivoly. In additdon i:a
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thoees the respirntory sate, 8imny pressuros ond concontration
of €O, in tho oxpired gas apoe ths system variadles of primavy
importanedc. Tha systen also has o mumbor of welatively fimed
volunes ond eapacitlos vhich arc doternimunt to tho functioning
of ths systém, Thoy oro Total bIamg c&pa-éi{:y {PLC~ thy largest
voluno to udich $ho subjoct's lvngs can bo omparded voluntarily
and about 6 to 6.5 14t for o 20 to 30 year old mlo)s Tidale
Volums {TV.penk %o peak voluns chanso during o quict broathy
sbont 10§ TLC)s Rooigual Volumo (RVathe smilsst volucs to vhich
tho pubject can slovly doflate his lungseobout 20¢ 7LC), Funge
tioml Rasidual (apacity (FaC.voluns of tho lungs at ¢ho omdl
of & quint expirntion vhon tho rospieatory raselos are rolamde
about LOJ PLC)y Vital Capacity (VCERLC.RVy the mxitun oxchango
in volurno the lungo con undorge Guring voluntary minouvorse
abtout gog TLC)s Inspiratory Mosorve Yolume (IAVemagditiomal wolumo
that can bo {nopired oftor o worml inspiration ~ about 500),
Lopirmtory Jsorve Volunme (ERVeths ndditional volums $hat eam bo
foreed out of tha lungs nfSor a morml cypimtiomeebout 20§)
ond Inspiratory Capasity (ICoTLC.PRC). Ths actunl anopnt of
air vonching ¢hy alvcolar intoropaeo is tho §ifforence botuosn
$hs tidal wolums apd volunn of tho dcad spaeg. {(Doad space 4o
tho volurmo of varions eavitios of tho alp pusompos iﬁﬁch aro
not subjocted %o inﬂation - about 150 nl). (Fige a.G)E >

Gatie Ir.m., Cooplinneo fg ¢tho ratlio of the difforonco
in Iung volunos at tvo difforent woltms lovels and the assccintod
difforcnee oa alveolar pressuroe Oven thoush complianco 4o
staticy Gymnis coomlianes 4r also oeamiped. It 45 Cha ratie
of tidnl volums to iatmmthoracic prossures at tvo instancog of
zoFe air-flove VR compnlinnes in::r&asaﬁ vith tho oize of tho

s sinﬁ oercacon vith ape and dlozioos. Comlinnens 4o
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TLC - TOTAL LUNG CAPACITY - G TO G 65 LIT C NORMNAL ADULT- NMALED
TV - TiDAL vorume ( ABOUT 10 % TLC)
RV . RESIDUAL vorumMe ( » 20 X » )

FRC - FUNCTIONAL RESIDUAL CAPACITY (ABOUT 40% TLC)

vC - ViTA L A pACIT‘y . C » 80 °/o ")
IRV - INSPIRATORY RESERVE VOLUME C s 50 Y% » )
ERV -~ €XPIRATORY RESERVE vorumE C » 20% )
IC - INSPIRATORY CAPACITY c » SO Y v )
TLe 108 e
INSPIRATION
IRV 1c
vC
50% N D T T . END INSPIRATORY LEVEL
. TV
40 FRC |--M_ _|.}. | T END EXPIRATORY LEVEL
ERV
209, RvY --._._ -
EXPIRATION
_oh |

FIG-2-6 .LUNG VOLUME AND CAPACITIES




19

assuned constant over the $idal volumye

Ay resistoneo fo the matio of prossure to flov and
ic not constant ovor & rospiratory eycloe As prossure in tho
thoracie cavily bocones norfe mogntivosy thy oirtays nro vidonsd
apd ths aleray rosistanco 4o lovgred {dnopiration). Ea empire
tiony thn fnteathoracie proscurc ¢s positive and tho resistanes
19 norensed 0o oirwnys ore marrovrd. oot aimny resictaneo
peasuFonents oro made at or noas thy FRC lovols

: Tho objoctive ascossnent of rospisatory funetion is cllnﬁ-?
c&l}y' pai'fomd ca tvo $ins sealog. W ic rolativoly loagy
involving diseroto obsorvations ot warious intorvals of tho ondor
of days to é‘e&rsp obzapvations boldnz mado in the Lo of pulronssy
funetion tests (PFI). Evaluation of pasnrmtors of racpirntory
Sunction W PFT aro _usedw ’

{1} to scroon tho goneral population for discaso
(11) to gerve oo part of poriodic physical omninations,
oopoeially of individuals vith chronde pulnorary
comditiona,

{111} to owmsluato eccule changos duping opisodon of discaca

ond |

(1} ¢o follou up aftor trontnsnts

Tho sceond tima gcale om which rospiratory fumction 4o
ascoseod i very short, a:ﬁiﬁm continuously oy at iotapvals of tho
ordor of ninntos $o hourss This combslpaticnt monitering ond
{5 perforad in n hospital sotting, usually in as intonsivo
earo wndt (ICU )E *



todoling %o but a part of tho overnll roscarch progrouao
to pin doopor wndorstonfing of Un systion. Cmie:fl anl ompOrie
moatal prograncgss though oxtrenaly irmoertonts ore coascidorably
29¢¢leults lodoling ecannot provido mov Imoulodgo about tho
oygtod, but can goeve to integrato the awailadle kmovlodgo with
¢hnt £ron othor laboratoricse Tims modoling rosults and oetual
reagusenonts nooist cach oths® to got bottor contrilution to tho
bealth ond velfaro of rnn. |

Gonorallyy & noeflol is congtrucied by studiding the relomnt
y@si&iﬁ&i%ﬁmtif?m appropristo input and outpul varindvlos.
Starting vith tho simplost modol vhich cingactorizos the gonawml
bolnviour of ths tystoms madol. 2acponhcs rmot bo vorific uith
- ompo doontal rosporsos at OvORy xﬁsam of damiapmte o inftiad
oodel con bo dmproved to mabeh the spoeific usos of ks medol,
but 4% ofton 1Anits Voroitility. |

| 5 'hoed oodol® %o ons vhich eatiofios throo eriterin to

bo uooful in cdueation emd rapoarche

1) Thoy omst agros structumlly with ¢ho physiologieal
syotony R must dS of odoest sizos

11) Thofr paranotors mast bo cosmrablo oF ostimtablo apd
131) Thoy oot 230 cooputor simlation ecapadilitios.
obtadning ¢tho nodel porarstar valuos 4o ono of tho moot
a1¢¢ieult tashs to bo porformods oven for simple modols. Parue
oxdops my bo ostimted by porforning omperirants on tho systen
{ masuring tino coopoasos ) oboopving olondy stade values oF
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by using amt&tﬂenal tochniquos %o 'agem,za wluag £ron rocorded
vaaponson. 0Ofton, good ‘guoscon® oust suffico for lnck of dnta.

3.2 1opELsl2sisiFels]

Tharo aro Gifforent typos of nsdols dovolopsd for stuly
and rosoareh purponos. Selection of a particular typo of modol
doponils ugon tho casinoss ond sirplicity rooulreds tho accurney
noofeds tho purposc of tho stuly, the datn 'a&mi.lablo and soch
othop factoPge |

Thoy are graphfeal cbarneteristics Folating the pasae
metorgs This is tho simplost mofol vith £ data ovailablo, but
the analysis of tho eharactoriotico my soguire tho dowolopmt. of
aoa0 othor typo of nodols depending upon $ho comploxdty ef tho
emmetoristicss |

3e2.2 Inthornt , If a mthamtienl orpression could

bo Gorivc? to €4t tho graphicel charactorioticsy 4t $9 cllof a
oathomtical codols This vould fnvolvd rach todicus ong 4o
concuning vork end in viov of omporirontnl limitatlong, ths posult
night bo qeostiombla. If $o grophicel modol &6 subjectcd ©o
approxicationy o erndo mthemtionl codol could be dovolopsds

This gitac loss ‘emet's dut mose sirmlor apd rapid proccduros

Thic pivos on insight into tho syston characoricties, thoush not
faznet, obes Tha tmthomatieal modol connot give moro informntion.
ot !:h;d convanionee it givoo componsntos for tho losp of infoprmtion,

34243

thon approzimtions or rathor lincaricotion of graphienl
data ic acesptols Giton ¢ho dava eno D poprosonted Dy a physiend
codol. In Cho phyolienl or noetnnieal modols tho vans dinonsiono
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of tho physiologieal systen are adopicds and tha nedol reprocohe
%o tho biolonienl systens

Je2elr

In olcetrical amalog rodoly tho physieal wapfablos
aso wpmmatcﬁ by amalogous p&mﬁaﬁnﬁn of an oloctyic clipcuil
apd tho chornetoristics of tho oloctrie cireuit vill bo amlo-
gons to tho chameteristics of tho physical or phyniological
sy ston. ' ’

the controlling olemonds of the aysteny an oloctronjc model of
£ho piwsialoginal syston ean bo devolopode This ¢an D3 uoed to
give tha vorking chnractorictien of tho gyston in difforont nore
m1 ond oboorml conditionss and with Royo accurcey ord cnsinons.

3.3 MODEL_SIMUIA TION

Tho drofc 4des bohind tho comcopt of oimslation 1o VNG
1f Suo oystens have geaphieal ai’.ﬁimﬂw for costalin acpoots of
tohaviours ono can do substituted for tho othor 4n o particular
plinso of invootigation. If tho dironaions of Both systeas aro
tho oard, 1t 45 callod o nodol sivmlotioni 8 tho dincacions oro
awum, 4% 1o om ousloz simnlation.

Stmalntions cam scofwo fve uscful purposag. oo is tho
stady of hotv o eormponant of a systen cay affoat tho ovomll oporne
zion of tho ryotem? tho othor is to lcarn rore absut tho aysten
boinz studfcd noting hou ts bonvieur Aiffors frod Sint of o
notn gysione | | |

. In pogincd tochniauecs Vory closo simmlntionn of actusi
byamm are ueode g:wtimﬂm*zy viten amnlog erd digdtal conpotors
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ago voods _
Aanlog-¢dreuit roprosontation has physical ang mtho-
mtieal oinflapity to the sotual gystens Eat computor siculne
%lon Eag only rathematical sintlarity. |

Timve are tuo gonoral approachos to thoe nadolinz probe
1cn - thy *fundanontalt and the ‘funetional’.

| Purdsnsntal nodel is a%teﬂ to doseribo tho ayoton

mehmirzs in concidoradlo dotall. In, hangeaizmey neochonldens
4t 15 usoful for study of afr flow (for o givon sot of pame
motors) of tho bm;s’hial troge from the £inid mochanicnl poing
of vioss

3&‘3*12

Funetional moflel considars the roro gomorl napoets
 of tha bolawiour of the sycton emf 1s nore elinfesl orionted
ol henco contalns gRoss lurpingd.

tedols bave various physical structuroos the oost
coumon are Bloehedlapgion nodels op Tronefor Panction wodolo
(output/input)e comparinoatol nedels and Stoto Varlable nodelse

3ehe3 Iransfop Function I
In tranzfor fanction codeols, tho physinluf'ical 5y oo
15 roprocontof by block diagrams giving o quantitativo dntas
and gonpascento tho c‘lymmia‘-mﬁmnm of tho syoton vith a volle
Foorn famuterntput .mmtm:mim Tho fatormal voriablos aood
net eoineido vith eny port of phyaiological syotons o
blocks ean Do cimmlnted oleoeteieally ( oz in amloz comutor
sfrulation)s. If ths bleok 1o nonelincarized, tho *encrntor’
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10 pot econstants if linearized, it will ba o conotant.

3.heh Commptoontnl Iodols.

The eryapartuontnl medel deceribse tha srsten Wy a
corlos of intosconiscted eaﬁ.s or ‘mmta’ vhich my of
my pod bBo rolated to the ayotcens Flous botreen thoso coow
partoonts roprosont the rovoment of mtorialy gnopgy or infore
mtion.

345 Siate, Vnrinble Kadalo.

Tha stateée. wawiablo models aeémm a oystem usinglinear
of nonelincar omintionsy onch oguation is related to gomp pard
of tho physinlogian) gystem. This nodel) offers tho groatost
£lozidility of the thras gtrustures dosepibsd.

) AT «ﬁf‘;}

o,

345

Por an englouers tho introdvetion of s rodol providos
o linlht botveon deseriptivo physiology and tho undowstanding
of omporimmntal data. For a studonty; the oxistones of o mtho-
matical aedol provides a means for rapid (simlated) omperie
nsktoBion and undorctanding of tho syston functionss vhlch my
£ot bo possidla othomdses For thoso invelved in roceasehy
o mithormtical meficl provides a mothod of munrizing Amnt 1o
oown sbout o gysten and cormundenting tho inf‘m*mﬁim ¢o
othors. |

On3 of tho advontogos of hs modol concopt 4o that 4%
“ecan bo nsed oo an oid in system studlos thnt fnvolve tho
gntoraetion botuson corpoannts of tho oystome Agnin ¢he nodol
fc nsod oo a vocearsh ool for vhich sctually o “porfect codol!
i roquircd. A perfoet modol onm be built only i€ overything
about tho roal oyston is kmotne Honeo o systomtie omnisation
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of Cho groso comeato ol thon o moro cubltlo propootion of
Lo cpoton 46 povsorngre  Shio &pileo ﬁ&ai; ¢ ook eon pot

o dovolopsd Gy amiyoro akende Sl 'gmsm st caosles th
cenlyodco ood omporinsatel voil onch cinpleoaalacy Co cael
05730 b amrdnipr €09 iffomenen boloesh ¢ pactuintzd
a%el ond € ool gyctom, thn unfsctasd pordion of (s ponl
myoton dns in offoveltys 'cobdtraated cul’ and attonticn on Hoa
b femnnced an oo colllo pronostion of oyobes  Elaan
m:: codals ond amnlols cro tcod 0 pROvIAR o twehnico to gnin
mozo fasisht ond wnforptarding of cyoten feasticace



CHIPTER Y
HODELING OF FUNAN RESPIANTORY SYITD

Lels ETROWG‘?IOH[%}

Igoxs abont hov thw rospiratory '&ysﬁen funetions aro
ucanlly formilized in abstract rodolge Tot oaly arc tho varie
abloo et oo £ b mamured speeifiod by tho nofols of ho
rogpiratory gystony tut cuch modolo alzo dofing ehmpasteristic
pazancters of sosplsntory funeticn and ore tho bapis for ¢he
dosign of ewporimmnts to ovaluato thoco pararstors. In nddition
thoy aro used for oybormotic dingnosis of rocpleatory discnsosy
and motivato eontrol strotogles and devicos that arc used to
grz’eﬁtx&a offoctive Pespirntory nssistaness Thy definitions ang
digenscions of lung physiology aro bacosd m; ple of tho lunges

Baeanrs 4% ip tho goopisatory function of 1iving infie
viduals that de %o b owalmteds moasurecents rmst bo nindmily
inmoive, cause mintml disconforty and be aecoplable for uw
in o clinteal cnviromwnte This grontly 1infts tho mnbop cod
typos of moomrersnts that ann Do mao ond loado to tho uco
of lunpciwpapanstor modolse Thore are tuo complorantory eatos
gorios of rospivatory funetionse

> {1) ¢ao trancport fn tho lungs (including oztrae
puloomyey aimnye abd pulnomary capillarics) snd
(2) Ioohanges of thy lungs and chest wlle ©
T nodols doseribing goo ﬁmnsm% Gool prime
rlly vith chngos in espeombtentions of fac spocios and volirs
flou of gnhog Ydorcao tho wodols dosling vith oydhanies prime
rily rolote prepourcy lung velurn snd volexs flov of gocs



be2e 0A3 TRANSPOST Mopppide®]

"~ fisdols of gos tronsport, both $n the gas phaso and
neress tho alvoolagecnpillary comdeans Into tho blood are
dovolopad Cron cass Dalatoos for thy puloomary syston doplice
tofl 08 a Sob of eonpartoonts (Plgekel)s A gacetronsport unit
of tho lmng hus Dasieally N

1) a wmpiadlo~voluns alvoolnr conparteraont,
$%) 2 vollenized flouv-through blood commrtoont that
onchanges gae vith alveolnr compaptmont by 4iffusion
£31) a constant volurs doad epncds -

o noves by convoction zm*mgiz tho dosd apnoo
vnich nots nn.ly 80 B ﬁm-ﬂom? conduit bBotvocen its ontop
~ oponing and its assoeinted alvoolar voluzy ( Vs )e Abmorml
lenzs or gormnl lungs updergeing maninmsl volwn chantes bavo
moro smplientod systemof unite fn passllel or In sorfas op
bothie

it & gas *a* 13 breathedy (neala@tm tho emmimx
matim )y mass talance éwtim is

Bato of rmos Ez%& of mog ot mio of
aeccummlntion| _ £ copvection of |_|diffusion cut
of 'z'in thn ‘n' throunh port| |of tho syston
tyetomie iwl ] af ‘s

cnog of i

Iz oolar aloncosfioe of moles I = ———ror woight (in
mon wnits) ai‘ bi2 4

Inlo donsity (ﬂmmsﬁnit yoluso) |
=ure Ve Chrough nfmny oponings
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vhOFe £, 48~ Cposific Gongity of airwy and blood
sogpoctivolys
t _,%., Yolumo flov rato (VolumeAwmit tims) of
gimny anfi blood rospoctivoly.
= Rito of molar upke/mit X |
= Rato of diffusion of noles into tho Blood.
Az por tmss balemeo equation

LY

-3% (Len) = 0, A ﬂb“ £ vhoro ﬁb.gz o not pato of
diffasion of 2 into thy blool,

I+ = Dos of molas of 2 in ths lungs
o Hoe of rolos of = 1a the doad gpaco volums
flo. of moles of = in alvoolar compartmont
= Hyex & Dyex o (60, ) 30 |

Y3 UOCHAUICAL AID :LECTATCAL ADALOG MOD IS

1D

A pomral mehnnienl pedel of tho huron fospisntory
ayoten 4s showa in (Mg« k2] and St amlogus oloctrieal
model is shoun in [Fig.be3ls This model is from tho oxieting
eonccpie of rogpiwatory opganisa and based on tho latest works
and lo prosonted by Poazk PePriniano ngmq It 4o an RC nodol
of ths Iung in terns of rosiotence %o aiﬁﬁi@a apd complianca of
thy tismos. ' |

iy aireay 48 o nonerigld cogment Maviag veriadle
rosistance to comvoctivo alrflove Alwoolay spaco ozhidits both
olastie ond plnstie bohavicur ; ond 4o roproecnted by o single
unit taking oll the alveolf and tormimnl afrtays lunpodgGuring
2 quioct broathing. At high ratos of breasthings normi and
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abaoreml mxlzmmxy systeqs my vequirc models containing
. conbimtions of such units,

Tpepiratery sysien van bo apewmrsd oimply aé o come
pliant oloront (botwson lung aug ploaurcl cavity) omclocod
vithin anothar (batvoon ploural oavity and chost ezgole

g

- Chast wall includas opapulmonary structuros sm:h '
ﬁs respiratory ruselos and abdomiml contonts ihilch enn
wilerge motione as & Fomult of broathinge Ths gnp botuson
the Iung unit apd ths chost vall reoprosonts the liquid £11icd
intopploursl spoces | |

thon the changes In volurss ond tholr éasm&iva
tim dorivations aro srnll (Such os thoso tint oecur during
rosting breathingle linsar appromimitions adoquately dose
erdby tho msgﬂmtnrg ryotone (llion thw a¥o laggoy equatiomo
goseribing the mchanienl bohnvioar af: the roopisatory gyston
are highly nonelineards

Syribolo Used

o™ Bpdrogtatic pmsma.fat the sirmy oponing
alv"' Roprosestative prossurs pithin tha lungs
{nlvocolar gmamm) |
=~ Boprosantation of the nveraso torca por unit
aron actmg on tha plourcl sam’am (intop-
Flﬂ‘f’- al mss:ure) )

991

91 = %pmscntatian of tho average farcaﬁms.t aren
neting on the Sisso wll (Cisom pmcm
awmmm)
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| @*ms = lopropantation of the svernge forco/anit
| arca on thy ehost vnll (masels prooours
a3fforenca ) |
Ppe = [ydostatic progeuro actins ta the body
ourfacoy nmept ot tio oipeny apmmg,
§an - vamm Loy nf gao at ths airury oponﬁx:ga
vy | = Voluro of tho s spaco In thy systons aoms
22 to by entiroly vithin tho lungs opd ajre
AT Oe
B, - Total afruny Foalotancos
gﬁ}; « Pulmonary (lanz) otatice eomplinnes

Cow ° Chaet vall statie eemplianes

I alvooli oxhilbitoprodoninently alastic bobaviours
tho omanticns for the odold of tho cochanino of the POLir-
atory cyoton for norral $4d4a) breothin the atmogpharo aro
ns folloirss

LBy B P ?pl
Dpo © Paye ﬁa@'vna
v

_._‘.-.n--.-—-ﬂ

Pa1y™ pl Sy

Bdﬁm eporating polnt.

Gamaral dofiniticns of flovw rosictanco Chrough o ¢oDe
Guit and cocplinnen of a doforsablo strrolturs aro ussd to
ovainate t}m pagarators of 1‘-& ,,c £1® apg cg%

A% f’ms {%1 'ﬁmf‘ e— T ith roforones o an

a{.P) 6\27* e N oo
ooy M Cm T AR e Rerece
tho gyston

study.
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Paptinl dorivativos are uscd to indicato ¢that all
othor wpiablos ast o contant tﬁm thoeo parorotors oro
ovalmatcde In pnpéiculary C % B0 omleatcd oaly vion
%ﬁ@ syston is fn plotic cq@ilidpiun Lovhon all Llovs ana
ratos of. ahanga‘a? volurs agfi prossapre in thh oyston aro

goros In Shis pituation %ﬁ 2Py 0P ,=Ppo0

* e PogPpr @ Paag = Py
Copy = ﬁ&a) = Fyle,)

uhoro &?z € Fu_ P sl at sintie condition
° (iﬁﬁ*§ 5-‘59)

= TRanspuinomry prossuro Alffons
onte o ¢, nnd 33 By Lrd 10nte
onts 0% thieh ¢hs sy ston ﬁs

cotplotoly mzm@@m%@a
&
v ° 0

o rmgele prosgave 4ifforones A P £B aifficnlt
to maoare divoetlys Henco Copyy S28 B3 malmteﬂ aaly tman
A Py 5 © 0 « This OGeAPO0 by dofinition vhen tho mcyim-'
- %osssr muselos aro corplotoly rolamcds

. Proscare diffosoneo neross the chost vall

.&? nPlu?mS Lm&? 62 0

P
: &tb) v “‘3} EEo 8358y, oro Gud
R Inotants ot valch tha
- A ?@:&h} <) %’(‘33} eysten is gtatis apd
' - tho mapﬂ.mﬁmy maneles
afp exrmlotoly MMe-
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Iong volume amngas during respirations For fast
changes in volm«; mtc of cinnge of volums _‘5’1 and volumo
of £flow of gaa at mouth i?{,} are ot the sawe. Hat $ar
norml tidel brsathing | |

» ®

o ® W

Hanee ?&ﬁ#gplﬁvawé"w*ﬁ t’;’z

. BW
L

1
& yms 9;&1 ;’.‘Bﬁ ggt;fg

In tm mw&mﬁaw gystony vy vr. Pao* % s’ gar&ial.
pressures of gases in the alirway and-Blood and tammtam |
are meosurablos Gthor veriables ¢an be inferred or can be



CBIPZER &
4 RS2 IRATORY SYSTEN 110DZL FOR AUTOHATIC DIAGIOUIS

(]
el ﬁﬁ‘a& 291 {+ i8]

Asg alzcady rmn‘mﬁg Ixmg dimws eanse vagiation in
ehar—xcf:oziatiea am‘i pamaatnw ef the pulmes? syston and
its gubegystcns vathor tinn varying 4to reic otructurc. Hemeo
rragurgmInt ard ootimtion of syston paramotoPdy togother with
. othor informtions avoilable to tho physicisn fren clisical

and hbommw togtpy aro mgsmy fov the Mtectien of

. pulmomry dissasods Mn physioleglesd sympsons my dotect tho
| prosensa of pulnomisy ‘mchnnial impateosy t and the intonsity
- of ‘disansop buk viil nat Indieate thy ciuse o site of tho
t Imag obgtruetions
Again in early stagoo of dLscasosy tho cutrard mnie
" fostatlons of dlscason my Bo galte simtlar. In pavbiculazy
- the early dotoction and clinical dlagansis of ouphycotny bBrode
- eidtis and apthrn prosents & gerlsus problemy bocouns proguoe
pis and mmwﬂ mﬂﬁmm; apo oartedly difforent for cach
Qi saa.

Bgom and coplyyserd are ciineaetopised by emngas
13 total lung tator vhich medify tho pormdtivity ani conSuce
tlvity of tho lung tiomwe Mones cleny Gictivetion hotvoen
toco diconens vwill bo AP0l

Agnin eopbysoing 4s a poneric form for coveral rooe
pirmto-ry 4iscizses (mthoe ‘Emn boing & opoeific discoss)
" waich oro 51l tnifostod by on smatonieal altorabion of tho
* Iuap eﬁamctoz’izcﬂ by on abooreil onlapgorent of the afr -
spasns Glotnl to S Sormfmly non-rospirtory branchioloss
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‘Gontrilobular omphysera 15 tho m&f& &mm forrs charactorizesd
by non.uniformn eppoaranco in sarly stagess Pulobular emphy sers
doveleps in o ooro or loes unifors fashion. In ndwoneod stages
both fomg of cophysaws may blond $ogether apd orhibit o vony
simtingy pathology. Heooo dfstingt and procieo dlagnosis of
Aloeszos Ls ASCTcultbs |

Prommostis and dlagnosis of dlezoshg, and treatinont,
must be as proedse s poscihle rathar than gonorals Haneo o
selisblo 2nd mufficlently proeise mothod to ovalunte tho omct
sito of obatruction end sceumtis intengity of parspoter devine
tion is pocosssry for botior treatmont.e Unnocosmyy medicines
wast be avoided to tho mexirum os oven the absolutoly ossentisl
nedirdines Mave 1ll-offocts oo tho humon body.
| In the sttompt to dotoet dissneps in speclfic ternes
oftn comos aorosy ancthar problen of varisation in dwmracteristics
pod pammmm vith tho boGy sizes wolghty oge ond pox of tho
individunls. 4 mothod to pulllfy thoss sffocts 4s edoptod
in the vork which follovs 4n this chnpter 6nd vorifiod for tho
availeble omperimental &tes |

Direet menonpcment of moasuvable paramctors ond
indirect eptiration of othow wariodles lead to tho uco of
tho nodel for dingnostic purposnses Goptain pathologieml tast
resuits eould bo related to there veriablos vhorevor thoy ave
found to give saditionsl sdventage 4n spockfiing Alsoneass

Brnhnis Usstie

Tor the dovolopment of thiis mnthamtical rodol, thy
followving aymdols apo upods
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Gapor (lorgeld aimoy rociotoneo

Coofficicnt of tho iineny torn in ths Fohror o:spmasxm
for vesistanco te airflov in the upper simayes
CoofPictent of tho socond ordsr ters in thn Rohror
emrossion For zecintenes $o virflov 4n the wpor
airtaySe

ramotones to airflov of the ndd-airvay e

B

Nﬁ#

Rasistancs to airflov of tho nid.eiresye ot zopo
tranemmrel PrOHCETGe .
Volune of mid-ciruvnys 8% poro trongourel procau.

?’aluma of am*aimym

Assintones to slrflou of the z.wef tﬂlﬁaiws
tnich 4o o funotion of iung volunos B

{ivpolor ijunz volung.

rﬁ”a’*’g" g“a“"

%
Efm Weoeoas poslotanco of thy lun: $10500.

Se Static complinanco of thy lung tiscuQe )
Pty CFossuros {drope) at upper and ndddle cirwvays vith
ramoct o atuoshopc.

Por Trangmral prosmrs 2Croso t&za nigenirays vhich ic o
fenetion of ?’

Povo ﬁopmcmﬁatim prossure vithin the lunge vith rospoct
Lo atmomphore {olvoolar proocare)

P pl Ropraesmtntive preoosure o tho plentol surfaco vith
rospoet o atmocphore

Pey Inpe clastic repeil or troncmml proosure thich 3o

A function of luny voluno (nlweslap mnen)

Gy . Ratic ecmpiiance of tho uld aimay

%aag%g{h Avarogo ﬁii‘ﬂbﬁ‘ﬂ'ﬁ the mouthy lowor aipvays ang
- nid.aiays rospoctivoly

Bopp 15 omnl and eppesite to Pﬂtnwueﬂ prosturo)

£ Frogooncy of bdbreathing (Broath/lec)

T, Tic for inspirmtion (Soeo)



5+802 Batfine
M1 rosistoncos ond Gy oro o O IL,0/18/s50¢.
£11 pregsrureo sud K, afo fin x Hgaa.
211 airflovs apo 0 13¢/snce

£31 complismess ere in 14t/Cn B0
£11 volunes are o 134G

b gtate wariablo oodel eimraectorizod by patonoters
mving phyolologienl signifieance is dovelopods Ihis nodol is
in aceordones with the latest models devslopod op modifics Dy
Golach of aly Gupta of el ond othopor5i7]

Iarmel parametey toctmicun {0 adopteds not only docouso
of tho cowlonity of the systen bud olso booouso nmoot clintamlly
flexibie nescurencato tan bo vado oniy on tho syobcs as a vanlos

Thig nodol is o noa-lincar oathanitienl podel wWth duo
pbooss o eplliopeible niddlo olimnys and lover DAFTAYD.

Flow 1o 1irdtod ¢o § 11t/sac vhose fobror's oquntias for
pECCOUDE éimp Py = Kj_?f 2R (’? 9‘32 4o valid vhoro

Ei ho 45 the mma&mar Liow Sore contalning viscopity of

oo and tabmlayr goosekey ond

Byt ¥ iz mpnificant nt highor flou mios thoro
tariulont £lov ocenrs.

In order to simplify tho amlysisy tho Antomctivo offocts
an lung cochandes by othep funchiomnl units of rogirotion such
as Mool flov and gag oxzchango aro hoglacted.

he Tumsed slyoolapy mbes 4e waném o tho pouth by
a single non-uniforn aimny. The alvoolar epoce and soot of tho
airays age surrotndod by plouml ovi(ye.
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Fige 51 shovus ¢ho lusped seproscniation of tho
ventilatory syster nnd 1ts sculwlont odreudit 3o chowd 40
Fig+5«2. The nimay is divided {nto Lhyce wmize» tao
functional agpoets of vhich sre of more importance tinm theip
anntonic Lomtion. -
{1) Uppor nfmoys ¢ 1
Tois sognent 35 nesuned to be Mgﬁﬂ dauo to thoir
eartilego support and eomsists of tho extsuthomeds eirvays
from the month o tho entsthoraeic trachen. Ihic occount fop
tho non.lincarity of flov gmsm ramtimah:lp and 49 nodolcd
eg & rosistonce = K ¢ ﬁaﬂaqﬁ v
(41) Hiddig almays ¢
“ho largo bronchi eomposss thls sogmont of the afvays.
This 10 of o fixof length sné 1s a collapsible cogaent in that
its vosistance to flovw chongon in abnormalss 88 ite voluno
elangos vith tho troncmeal prosouro.

f

{411) Lovor airtays ¢

Tho emll bronchiolos (withont cartilage mpport) beyead
thn tenth stogo of bmmching and taocy onbadded vithin tho
elvoolar lung tiecsic cumposs thils section of aimrt;g Sho
rosiptanco offored by shis cogmoat is ssoumod muw o loss
- congtont otespt for laessor woluno of lung adr (G )e bag the
lung volumo 1s offoctod by the crpenclon ond relozntion of tho

Jonse

Ugpor oisvoys ©
T!’zo prossurc«flov rolation betecon tho flov ot tho
mwth e * 00d tho uppor cimsy amam drop 1? i nop=
- lineay
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COLLAPSIBLE
MIDDLE AIRWAY

WPPER AR WAY )
@———— ATMOSPHERE

ALVEOLAR
Ra Voo CrerFcrence)

SPACE
Ve

O

PLEURAL CAVITY
FIG 51 LUMPED REPRESENTATION OF
PULMONARY AIRWAY SYSTENM
Ru
R Rwm R
IICED S, . ___n

Kol Vao) . ‘ l "’t
Amgfmaﬁ: Vao Vav
CREFERENCE) | + p R

P Cm tm §3 o
app i) Cy ____fQ

FIG 52. EQUIVALENT NON-LINEAR CiRCwi T FOR THE MODEL OF

NORMAL VENTILATORY MECHANICS FOR SMALL

AMPLITUDE, LOW FREQUENCY C NORMAL LUNGS , RESTING)

BREATHING




% T g, l gran | o (1)
Ta =%t BT ()

Fiddle almmye @

R, = £ (]} werc Puicenilio's relotienchlds for vocice
tones o lsnieae flov in orliador (Romo
nideadptays) of longth L oné dianctop D
18 walld.

Lute v AT A P « Proseuro difforonce
iz Lo across tho nimoys

o - %ufﬁcﬂmﬁ Of WQW&W
of fluldy in ‘Poiso’e

a AP i2g Lo

= -+ i
R A pYer |
L=33 %

?ﬁ» '

.0+ the resistonca is proporticnnl to the rocliproel
of volwno smorcds Taking the rotios of posting rogloe
tanes and voiume { ot coss tmnzmural pressuro )y o

have v 2
%uﬁmt:ﬁ}" s {3)

bovor alruays @

B ica funetlon Gf L el s fai‘a)

hiead oo Sho dote pudlishod by Mooklon end smat
W‘ﬂgﬂ ac chiorn in Figd§e3,

B Lo token ap O3 Yor % cbovo 358 TLC

t& is dorived rma

=70 %%’é?

thoro Y = 10y = 10 ong raaﬂnfl
for ¥ # 350 TLC e (1)
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FI6.5-3 R, Vs. % YC CLUNG YOLOME)
R 4 EBASGD ON DATA FURNISHED RY
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- J [sec
- ”20“'” 9, BouhuysS]
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3 T
20 4 Go 80 100
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10,
VOLOMNE 0.9
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CaasEd oN DATA FURNISHED RY -3
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—_ T T T
o 5 10 1S 20 +9286
Pe] Cwn 4,0
10
V.
Vm max
o057 FIG. 54 ™MiDDLE. AIRWAY CoMmPLIANCE
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H4ate simny DROSTURO {drop e E’m iz exlenlated {rom
oty flou through woper aiymmy ond niddlc nismmy ans
- l ' - : - e
Pp = %o (B BY= 0y © Yool ' - (5

taee 2, = (B B[I 1o B0 ¥

ko progsouro thnt cusas thoe flov of oir In tho img:x
is 1«"“1?» It 2o pomarienlily oqutls To tho s of praoseurs Acioss

o plovral eovity (P4 ) ond proswure across the lung tiscue(P , )

swPp=Fa

. .
v Piw

app

ps P, =P s {7)

app ' pl

Tho gysten forciog fomotfon is E3finod ns tho plownl
prosoure or %he appliocd proseure ond this 1o melnted S0 slivosling
prosourc by oquation {6). Sho gyoten forcing funetion f agigﬂav
at tho oouth %gﬁv

Riced on tho 1oSest omporinentsl énte furndshed by
Clonéar of nlng tho relotionship Doteoem P, ood Vo {esllopsidlo
eorplicnes curvo) o altopcd from 4ts highly stylizod hyporbolie
fnmfsi to the formn glven in groph (Pige 5.4)s Thie polntionchip
Bag tho odwntago tat Py, &s given as o functlon of V. /7, ..
ingtcad of ¥ ftsolfe Honco ony ebmormal condition in widdlo
aimayy though affocts the Sramsoural prossurcs 1o conpidored Uob to
affoct tho rclatlonehip botusen Po. ond /Y o0 |

A rothenatienl ecantion is dardved for this enllnpsidle
£ogient epmpliones miio curve $e0s Poo= £V /T m,é}n ook
on tho étr furaichods '



th%ma sguation 12 found to de s
saitable solution sl and Lo glven ag
JEyx ¢ Ky ) |
?ﬁ mg * glbg iors X = vaﬂmx -
o = mag, & nhﬁ, &Ody
o ® maﬁ,% = 10 snd K =ul

” | - v =
: .9‘85‘1@ ‘g—" -l)
?tl = w25 ¥ 45 gﬁ,ﬁ.}) — " YR . oo}

The flow rnte 2t lower simeys %_ 15 dorived as
I, % mm—— vhare F ,, % wSew o the pressure
k! R +R, a %& across Q.

Pim

[y Vl < exs {9)

igain ?ﬂvf = The presmire drop at alveoll wert. stmosphers

o lrg | elraleRR) = [, B B2 l5R]
vhore F o, 15 negative during inspimtion
(4rop) and positive during sxpirstion.

vlg)j . ' ess Q0)

P“ =Py * %‘Rz N | wee €11}
Statie lung compliames curve for nomml cass s

shown in [Fig. 5451 as per data furniched by Colebatch ot

al msthomatical hyperbolic relation (Stn hx) 1s

dGerived to suit this charscteristic oo givan below.

or i"d =|P

34 g},’ P+l “Anh &t%&*ﬁ} whore PueU.5y 1812.5
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Poy * =05 + 12,5 b b ( LASEE ~0e3) vee(12)

:Pd in relstion %e Rﬂg_ clt is obtoined an
. v,
?01 = {R g0 _é;. | »esll3)

1"

a LTy wua: ,at,,m,
TRGe ‘& &* ﬂaz%i‘ * Bmo (Vo D

gg‘%e ”{& fi?'%’ai %}

E*R

Tatv ‘?'*V; (R, + 8+ R )
R"A » gm

seefl5)

. |
L e sl Y dat s 16)

: ¥
_,Ggff ),uﬁm

- Pom
B 4 ﬂ‘a) -V {t,)
G T rgty) 2 (ty)
share ti and tz ape Uwo Instants at vhich the
the system is completsly static and the resmpire~
tory mmscles reletmed completelye '

. ,f:;“ng’ - tey) ) N i)
t AR {z,g %rlttsi

sew ﬂ?)

vhers /\ PI- = trangpulmonary pressure differsnne
=Py = P o Bt gtatic condition
1v™ 1 .
) wavp (vben ¥ =0)ana
t3s t, aTe two instants at which the
gystew is mlgtﬂy notionlegs.
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The volume und flov variables Y % ang G
cAn be measured by uging Bxpirogmaph and the alveolar
preszure Pyq., can be messirod f&tﬂtﬁwmﬂs Standard
wilnes for Ky, Koy VW, and ﬁh Sre taken for & normsl. m@.
fnd the wmluss of other aystem wrlilles on D& caloulated,
with this Gatas Qrsten parcaeters are calculated for abnorssl
casos also shere the Wlues. of Ky Ky V. and 8 are
changed+ The wiges are Tebulated sim given in kpmau I
In a1l these mlauiations the matio of middle airwy volume
(V) for zero tmnamml pressure to the niddle sirey
voluse (¥, 03} for sexfmus tmosmirel presmire (P, ) 1s
tslan as & constant as the collapstbile compliance mtio
curve 1s sasumed to be applicable to any individoal.

543 A NEW AUTOMATIC METHCD OF DIAGNOSIS OF DISEASESe

| The system paramoters derivad from model equationg
show the conditions of the d1fferent sugaents of the res-
piratory system and hence any zbtoormslity.-: can be detectsd
a8 s wmriation of thece valuss from the standsrd waiues of
a normal and mztlﬁ pergonas A sajor problem mmtem in
this method a!.@uar in uses is that these wnlnes wry with
individuals, sccording to thatlr size and welghts agey oex
etece and only clearly mgmﬁm tazee oan be precissly
dfagnoseds This gives difficulty in prognosing dlseases in ! -
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tholr iy ctagos ond c‘iiaamsinn discasos vith Ioséw doviation

of wnluog of parcnotors ovon in lator gWnposs
A pov £ oF pamﬁorsg «llcd *diugnodio paranstorg’

oo Corived oo the wsleo posemotors thich givo tho mitlos of

ztafn zolon paronotorgse ko sdwmbtago of thoro *dfagnosino
paraaotors® 2s that $hay dom't chongo eompidorobly from 10Givie
aual S0’ £Aivigual 40 tho nomal conditions fnd tho wrlotion
in phnoponl m&fﬂeﬁﬁ aro olearly &i;;zizmt that aingaoole
L0 proeise and dictinot, & mmﬁzw of six ‘&iﬁmaia PRI
notors® o8 pospiratory - discarcos dordved fop 32 porcono £Pon
tho nmrin@m dsts awailablo nro chora in ﬁ@pm&m b % O |

The mtic o 19 2 nonsuro of ho onovnt of middlo
aimay eollapso in o given disonco for & porticuler wolumo of

lung aire It 43 fo-upd thnt for o nomml porson this ratio

¥ 4 a X |
( i v& ) &5 aluays in tha pongo of 1.2 S0 1% and thic

fotio 4o an Indox of bromchial cuplfianeco. This Indicitos
tho ability of tho niddlo alrvay to collapso wxn mbjoctcd
to coproasivo stroes. Mt 4t 4 found that this matlo dopopis
2 o lovor sirvayo obotruction alsy no B 45 a2 funedion of
$ho piddlo transmrel prossure (gml waiich 15 rolated to R .
fonco the niddle aimmy rosistanco $0 compifanco rotio
( &nlﬁn ) glvoo e clenror. indication of ths obstraction Lo
niddlo afreay indopendont of lovor tdlsny obstruciion.
Tho nlveslor prossurs doponds o3 o flov rato ang
pbs&metim in ony pnrd of tho alvreny will affoct o olvoolar
prosrasa. Tho mife (R,/Pu1y) glvoo ﬂime%ly ¥0o offost of
WHpor oiray obolruetion oa eclveolar propcuro and 1o indientivo
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of tho patients fatretbornelic sipneity and strongthe
Tho 'aingnoats poranctors’ dopdvod indicato & partle
aalny caobination of dovinted wnluss for ¢ porticalap &lconnds
In tho 12 cagog undor otudye tho disconns of Dronchinl asthodg
Bronchitis ocrd Bphysom ape dotocticd to tally uith tho dlinde

¢l obsormmtions owmilablo in lztamhm&ﬁ ing tho sibe

eatonovian of thoes diponens oon bo diagnorad wWith meﬁx
COCUPn Y. '

Tho *diapnonis paronoters® ¢am ba Gireetly fol W o
dipitoel computor go that the dovintion of eny paranecior Cron
tho ool rongo indieatoo tho pordlenlop xogion of tho gyston
botng nffoctods Tho sin DINAry paparotors solosted for come
parison purpoco give sinty four eombdostiongs raldng 4t pessidlo
to rutematieally eategorizo simty four linds of lunz Gleencose

Gno promdnest Pcaturo ga Gorlving the yste paranetors
necossyry for tho'diapnosls paramotors’ 4o that oxeopt for
tho wlus of iﬁim, oll othor warisblos nocdeod ocoo nodcurableo
(cneh 09 e Vx’ﬁ ﬁﬁ’ L and LY oi* Thip vill conblc us

%o have loscor asoooptions and ﬁpmzﬂmﬁzmm



i nogel dooeribed ond tho dingoosis mothod dorived In
the provicac cirnplop e thouw™® tahos 4nto aecoant tho lvag oy
‘rosiotanco opd cepliancos 6 mot cultobilo to dotoeh tho discacos
o m:: silant m@. Since this part of €ho ltmgs conteiluto

very lov porecitoge of the total airvay reciotance ( about § to
100 enly Jp owm cdvinecd obstructicsn 4n tho ¢iscuoo can Bot Do
dingpodexd vith normel neasmECIcnlse |

Chatruction i (o imrgo ond mnll aisvays rosalio 4o
groquoncy depondeat bohnviour of tho lungs as mexsuved Iy © dGyannie
- eooplioneo Comde Ihie fromucngy dependenco can De uced ag R
indirect noagare of iy diegsnpo dn Its initinl stagoc. In thip
opalysio, Shy scasitivity of frogusaey dcpeadent bolnviour to
ganll aivny obgtrvetion cpd dictpibntion 30 ctudiod io dotnil.

oo He 8mffor Inp mads o ghudy of the froquony oo

POBOO smsi%ivﬂw[aj of poclnical porpnotors such oo Srpefnness
dronnic w:zgima;eo und Qyannie rosistanes ag o funotion of indle
viduml oircyy propertiosy wsing o simplo throe empartnentnl lung
todol. In his nodely ho congidorcd only the mysten bohnvionr
rooyosics to vapintion in solativo coporioent rosistoneo ond nesussd
tho ecopnrioent ermolinnes as congtonts Ales tho seriations 4n |
lung pamootors othor than tho lubn lssuc woro pot @s&&o&e‘:&.

- o get o core dotellod ond soourots i‘wm@' TONCALD
enractoristics of ¢ lung nochonical pararotorsy & odol is
Govoloped fren our modod doceribod in chapter §e Gho follouing



LA
aro ths shooific fontures of this cplysic vhon copapod 1WHth
tho annlycic dons by ., ENELfors
) ™o rodol is ooro detoiled thom o girpleo nodol.
2) o totol lovnr aimays s mub-dividod 4n this codoly
into lovor nimnys ond lunm tliscps eomperacatsy oo
, agningt luoping tho violo into ono unit.
{3) To gyston bokaviour rospames to varintion &n comnoete
noat complinnes oleo 4n eonsidores
{L)  Tho offost of wnrlations n othor poramstors 1iho tho
uppor alpmy rosistonen, lotor aimny rocistanes ars
aleo considered &n our analyoio
Tho podol is amlymﬁ to study frocvoncy rorponsy bBolNe
vicnur, usinz corputor prozrocming ond tho dnmetoristion oo
Giseorted to bring out tho colient featuros of his amnlyeic
and to Bo used in dingnostic pPUrPOLe |

Go2 DIVACRUISIE OF THE HODIL

Tho oguivalent clvenit of tho modol goveloped for tho
purposs of amalysis of tho sonpitivity of Lroquency dcpondeat
oinvicuy of tho rorpimtory woltea o iy obstruction and
dictrimmtion in Lho tung tlocooa &p piven 0 Fige.f.1.

o lumg is dosoridad as o populaticn of parallel pothe
vy vith dissinilng proporiiots. lecopding o Obip ot a;‘éggl%
ovarall bolnviour of ouch & populntion eould wnry vith Dreathing
froqucney vadle 4he fmdnmnial proportlos of tho ingivigenl
pothays sondn conotopts Theroforo tho dogeco of Evocucmery

dopendenen $5 rolateod ¢o the diostreibtution of mma&ml proporticn
in tho paselliol ga%mymzal
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In the nodol doveloped horoy tho Iung tismo airvys
posesse tud parmlliel msisﬁivm ond capoeitive pathways vhich
a¥o poprocantative of the wa of 11 the obslructcd ond nosml
lung tiscuese

suffiz *e*  stende for émwmi { ohamcmfm 3
- Buffig ‘o' stands for normal .
o, ' Henn dianoter of tho &smﬂtaﬁ ivng ﬁsma

O, | Yeamn Ginnotor o€ thoe pormnl lung tismos
By on Hienm posiotaneo of obstrustod mm&

yhich 1c & fanction of vecistaneo of cael
patinny and the muibor of pathumyp in tint

 compartoent
By . Hean rosistonce of the noPml eompartment
CO Hean eapucitanco of the obstructed compartnent
Cin Fezn eapacitanes of tho normal compartnent
B . (u) Gymonic rocdstanco of tane tinouos
61*6{“’} © Dypanic complisnze of lung tissuss
'gmtﬂ) Complon impndsnes of lumg ¢issuop
Ry, (vl Dymamic sestatonco of the totol s.::an
{pertpheral hirays,
¢y (vl Dympic complisneo & tho total mall
"~ {peripharllairzayn
g {v) %api.m} fvpedanee 0 the totel soall
{periphoral irmyo

{ & h?)gi: {w) Dynnmie rosistanes ¢ eomiianco: ong

ang {im(tzr) eoplox Jupedance of tho lung syotea
ozeluding tho nppav ond niddlo 31::\3;?
rocd otances
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"‘éw;ﬁmfé{m Dyoanie rosictanens coaplinnes and complex
izpedance of tho tviole Iung eyoton

By _ Hopuitent lunzg $issuo roslistanes
cw ' Baguitant lung ticsouo eomplinned
- Breathing i‘mmnaw in Breath/Es0.
obgtructed
Ty Timo congtant of tha.{mmgarmcn%
T, Tine congtont of the moreal cooparinont.

.6’2_‘2 [i‘s:’;.*&s*z“ o1 : An; ] : ; '
Tho fmput ¢o tho aqystom 1o ossuned to bo oinnsoidcal.
The percontigeo obotmotion depenis on the avoruge
ond venn dlanctor of tho twﬂmmuel venps rbnentbe
i.0e £ OBS (1 - 'ﬁi‘“ } x 100 e Aﬂ.)
The rosultsnt lung tissue sosistones (R, ) ond corplisnes
(Qm} ass cosumod to be congtont
M '
Re ® e e @)
LT “m

% *® % * G 3

Ragh Zosoo ? ot 02027 cuous ot flev n tho asetar
nimay o lonbime € @fn 2.9 oy £lov 3.3 14t/cocy Lymoido
Dunbor = 7%9 ) and thot rooistones to flowy I vardics as the

Foeipioenl of i fourth 2ovar of tho dinnotor,
he N |

5@"# { ;Dﬁfﬂﬂ )k | o (1)

B '

Tho poresntage obstractios of obstiucted aimny rolotive

to o nognl com Do oxproscod $n tosas of tho mﬁiozgcﬂimm
eop of tho nirvayc. Troo omentlono (1) ond ()



Sﬂﬁﬂﬂ[lwf&mil}?’leﬁ os {8)
%ﬁ’wut;«-a&a}‘* | ws (53)

D>ietionchin for 0B3 in tormpo of lung $iscvo complinneos ¢

B polationghip is dovivcd for poresnt obstrelion and
tﬁa 1wmg tissno comlisness ':‘,sm ond clm” Tho porcnl oad
obetsuctod lung tlesuo comps riments nro aosimod to Bo of
smnﬁml giapo for olmplicity of mimlatﬂmw

¢ o
Cooplinnes = Mai’} _
Qe © :w:

8 Y
Som © wedlos 0 souning cone pressuve difforones

SOR)
ascfoss $ha tuo parsllol conparte
| ponbo at npy ingtants
€ &Y
e &E’i— b 5‘%
Y% %%
femin cm & ghoaneo in voluno of ths lung €lipg=wo

= Va_ ' thore ¥, %9 the initial volumo ond
Y is the fianl volume thon wpine
tion in prossurco diffopenco acress
the twoten 46 O(A P)-

=}
4]
D e @
&
T
8
s
g 8
Sy,
oo
Y
i

- 2
. Glf:@ o %*% uhcmﬂ 45 tho Alanctor of
mmii@gm%%&a&tﬁml

inptones
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-"L’Bén vhere X, iz the £ inorease in dinnster
for the pressure differance incremse
5 (AP}

e G GF 1) 03

Simiterly Qu:a o (kg -1} 93 e * asouning the 3 dnercase in dise
meler to be the mue ac k, in
the obatructed airwys too.

m}.ianms ai” the i‘:\b paﬁllel thu as m!!;l u: ﬂn&r

ezl Mws&im in eqmtions (M) and(5e) zammtim

, For sach value of obstruction there will bde corresponding
walues of resistance ( R, Mu'x& capacitance ( Cyen ? for the

obgtructed lung tissues and are given by

R =R 32 (B R ) ] | ve (8}
Ca = Q%0 Cm! / ERN L } o ()
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70 gtody tho sonsitivity of froquency dopondent
botnviour os & funetion of ajmny obstracilony 8 computor
prazgrome vas dovolopod £yom thy abovo gloetrieal oodol of
$ho lunzs Tho rafn objectivo of tide study ¥s to coacos ¢ho
&ofacks of o lung tisgues watloy thon othopr airvayoe Tho
1vnz Cicouo rosictanceo and conpiinnes of tho obstrueted ¢isowos
| wmyy vith ¢the pof&mﬁam odstructiony thy rosistanes {Bwa)
boing dnercucod vith o obstructiond and $io complianco(Cyy, )
‘boing Gocreaced as coep fron ecmtion (%) and (6). For wluocg of
By ond G corrooponding o cach £ 085,valung of R o 028

€ cn OF tho mormal $iomeop are exleuloted from cquations
(10} and (A1)

Using the esoputor modols tho lung dynonfv imyodanco
%{tﬁ}v thy dyonle eoplionee E‘tﬁ end the dyrmanie rosiotaneo
() vore geterminod as o funetion of

“{1) ths drenthing froguonay (U1 to 2.0 Be/Soe)
ond | ($¢) tho poresat obstruction of ¢ho luns tincuos.

fzain four difforont sasos of Lung elmnyo aPo coasi-
€orod %o necommodate o offoct of othor parerators alch 4n
tto frocucacy dopondont behmvicur of tho ftotel inpcﬂmzcee
soaistanes and complioness They oo

(1) whon the wivos of wpper airwmy - voaistonens
(R,} %s lorgo vhile the lowe al;ny rosistanco
(4 3 is norenl
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{43)  then wppor and lovor alrmy rosistaness are largo
(344) 12en wyper and 19@{# airmy resistoness ave enil
ond porml |
{4v) The condition in vhlch tho lung tissen rosistonco
ond esmpliance aro tles loscor than ense ).

Thoso four ceop aro concldored so thet tho fﬁam@
‘Gopaadonen on Zudy Rlwds Clu) cam bo studicd oot only vhcn
thoro i5 obatiuction in 1!23113 Siscunp but algo when othor pesto
of o 1wy gyotca ore offoctod by diczigone

lunerienl pocmltes voro obtninod fron tho computor pso-
grarmo { appendin IXI ) vith tho fellowing algorithn ¢

(1) ot tho waluos of Ry Bp» G By Ko ond Gpe

(2) &t tho mlus of $ ebotructions

{Frea the O 0BS5Sy wo will get the corrospending
wivco of Bioos Ryeve Guay Qepr ¥, 088 Tl

{3} Ciwvo ineroncato to tho O obotimction.

(k) ternino Eh(ﬂ}y G, (1) ond R (v) ot £ = 0.1 dr/Dc.

(5) Doteroino tho normnliscd lmng poronotors 8&;)/%(%:%

- Clu)/Gy(w) cud Rwd/R,(v) over tho froqueagy rengo
0.3 %o 2 Br/thc.

8,% LHPUIER QN
- Tuppiesl rocults of Gymonie varisdlos alu)/g,(wde
C{us)/G, () ana Bu)/h, (v} of b difforcnt cacos over tho broathing
froguaney rongo of 0.1 o 2,0 82/Coe apo given dn Mase 6,2 to
6.9 « Ths valvos of posistonco ond complianco of tho niddlo
eolinpoidic sigwtayg oro nemmed to Do comstont 4n ail eho eatos.
Ineh of ths warinblos are mnm'aw ¢ = 0.1 Bo/toe
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{ v = 0.2V mad/coc ) vhleh poprocomts 0 guucie-cliatic breothe
ing froquencys
Dynonie Imycdonen @

In 011 ths four cacos tho ecurvos &(u)/Z,(v) indieto:
en dchoramt froqueney dopendonco of dynonice irpeodoneds Bag
in nioogt 0ll eapos tho wpiation of Lupodanes vith fnoeronning
aimny obotretion is vory 1ittlos; omecinlly thon tho lovne
aimay rosictones is ecommarnblo vith tho uppor aimay Fosice
tnces Uh2o uppor awny rocistones &s cneh highor thon lovar
odriny ond lung tissuo rosistancoy thon clight varintion(3.59)
in dymondc impodanes occarg vith fnepcosing ecirvay obostructioen.
{Fig+0.2,Gs0 1)s Honeo tho vorintion in dopodonco can no®
bo takca oo & nocauro of olrny obotractlca normllys

Dyparie docictanco 2

As frequeney inercacos 8/ elcd is found to charge Dud
only very 1little onesnt in caeo then tho lovar aimay io
esnparablo vith tho mpoer aicvay fosistancos i'ﬂé» Gel)s In
all cases 8¢ 4o found tnt tho scositivity s niniren of
£or0 obstruction ond ot obstruetion abdovo 85 to 907 ang tho
eazdrir consitivity Lo found to bo botuoonm 50 to 90% It
ang that x&wﬁ the obotraction $o coro thad abont ﬁ?fvg £y
Cwo pamilol compnrtnents otart to bobavo 1iko o sinzlo corpart-
noat rotcm ond loeos its froguondy dopemlont chnpactordstico e

Dymonie Coupllones @ .
D.ﬂnnic conplinnee deeranses vith dacrcaeo dn £roguondyy

tho wnrintich baing anll at louar frocummedon and Lirhor

ot mdiun froqucacios ( botwacn 025 Be/eoc and 125 Do/foe )

ol thos loscors m oot aachos In thy Righor fooquoncy fangoOs
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But 4n cuco IV (Figce Ge8 und 6.9) the wmristion of cf% io
st411 highor fn tho highoP Froguonciop dnt vory sanll eveu
wto Oy Br/See. In cass IX {Flgs. Geob ond 6.5) whicre thy lowor
aiptay seadistance is much highor thnm ol' othoy rosnistancopy
tho wmrintien 4n pormlized cormlidnnes € . or posistoneo oF
irmecdnnes ) is mot ot 0ll significont sed indicative of oboe

- truction of lung tissusce Hence tho roto of doercarco im eoow
plinnen doponds aleo tpoa poranotors othor tne lung (Soswous
Laan tho lovor aisey ond lung tinsun rosistanco 88 eoonaradlo
vith voper aipcayos the vaprintion fo not large @t bighoy £r0-
quonciess  Honeo satosof ﬂrmﬁeﬁsa Eoi;x?mmiai ;:_;f c/c in dif‘f-
orcal ¢ucos 4o indicative af,(pamm%rn othor tinn ma of
lovor ond lunn ticsoos. Tking into aceount 01l the agmoctes
thoy mitoblo Deeatiing frecucncy m&?f;fﬁim m&al for dotoction
of Giccasos in tho lung tismues 4s £rom 0.35 Br/ioc to 1.29 Ba/S

Aleo tho complinnpes decrcases ag o fimetion of lumg
tiscuo obstructicn usto obout B5Y ond thon tho comsitivity
The wmriation of cooplianco
with ehstruction of tho luwg fWesuwos is much novo ovidont thom
$nt of tho roeistonco ond impedoncoy but only thon tho obstmie-
" $10m 10 abowo 355%

THe Omglors 40 hisp ax:&lyaiaial o chora that vhen
the oystca tino eongtonto voro oqdl (7, = ‘i’m) and in tho
19ris o)e A(a )y Clo) end Bla)y tho ystcn wariadlos Bv)
and Clu) bocono froquoncey indopendents Phydiologically, ool
tics comoants oy poprocont norr} lumge vith volforn Alotel-
butlons of puironary eontilntion. Unoqual tinme eonmtonta and
fPocumagy dopondent cyoton bebaviour ehdraetorigs rostristivo
and obstruetivo lung 4ircoaces.

doerer o and beconos nindmuns
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Bat 3o thio amnlysios the gysten turiabdlos () and
C(u) aro found to bo Frocuoncy dopondent ovon ihen thoro &n mo
obotEaotion ot clly (Fifgse Ou3p 6u5y 647 nnd 642} 1t 48 Docauso
"o bhvo token into acoount cooplinnes of the 0lddlo collop-
oiblo ecognent (cu) thich changos tho wluso of R anﬂ )
vith eocusnegy owen thea S 0B3 = 0, &f Cm_ ToF o@nl o Oroy
Titw)s ) vould bo froguoncy indopoadent) Hones wariatiens
in tho valuc of middlo ey poranctors { cspocially complisnes)
vill chsnge the rofsrcnce characteristies ( f.ce for roro 0BZ)
sathor than tholy eclntivo clnractorictics.

llodcl results shov: ting |
1) Dynamie Snpedaneo, conplinnes nnd Posistanco of tho
waole Fosp. aysben oro snsitivo to broathing frocuancys
(11) Dyoanie fwpedenco doerensos with fPecucncy and boconos
almepl conclond Inm encas vaon the lowor almny rosioe
tanco ( R ) So vithin linits nnd not affocted Guo o
digansoe Uymanic rosistones tapiotion with Crocucney
48 vory coall dn 01} eacoo anecet then lover oipmy
rogistonca { R ) 40 affocted ly dicmacos Bgﬁa&min? coyp=
ilonco vaplation $s lapgo vhen coomparced with mng:%ggg;/
{241 syparde iopodance vorietion vith sosyect to £ obotroes
ticn g not significant in 1wst 1000 |
Dymrie rosistanes vwaplatlon with rogpoet to O obstruce
tion aleo is pot Brnifiont 46 noot aicone yonode
exrmplionco Wwrics simmificently vith £ 0BS obove 357
and bolov 900,
(2v) Tho consitivity to froquensy varintion io manimen for



{v)

(vi)
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méadmcm rosictonco and conpliones ot abont 3595

of cbstraction csftas vhich thay conplCivity drope: el
to ninlmm as in tho cso of zore obstruction.

In aloost 011 eacos the fymanic rocistanes opd cmnlifie
cneo wmpdetion 4s roro dn tho froqucncy ngo of 0.2 to
1.9 Dx/Sc und dymonic irpefense variation s sippifie
eont 4in tho frocucney range of 0.15 ang Ok 23/83c.
Dynacde esorlinnes o $ho only poranctor vhich @n

bo rolated intclligently with the aimay obstruction op
it tinag the neet roncitivily in o porticdlar fongo of
frecuoney ond obstruction in mbstvasam

{vii} In enee 1X vhoro tho esmpitivity of normlized complinncs

15 pretically zoros/ls pot/all Indictivo of tho obpe
tmctions Mt dts vaptstion vith froquancy 45 tod laxpo
and b 4s 1na3cativo of aboormality in lovor aipways
ao o tholo {Figes Gely ond 645)s

{viit) Tho pochonienl paromotors { oswoefolly ceomlinneo ) in

(4xr)

gemoral are found to bo moro conaltive 4o tho frocusday
mnzo of 0.35 to 125 Bp/l2c abd then o porcont obos
traction of lumg tiscuos ic botucsn 359 and 907,

o dyatule cooplianes einmcteristics i‘osf goro obstruce
tion { poforenco eharnctoristics ) 1o found ¢o be changling
9 neeorsnnce vith the eonplinneo of tho wollapsidle
cogaoat. Tho dypanle chametorlotles for siandand

valuas of ryoben parenoters { oo 0 eaen IV « Dige Gef )
can be token #s the eofersnes dnmctorigtic. cnd any
dovintion froo this cmractoristic 3o tekem oo e

e maed of obotrusting.



It 1o Qifficult to dxtuet Tho dufoet op obotraction
ir tho ivnz ¢icsuoc ucinn tho codol cnolysls ond Dofiod of Alow
rcoosic ompleived in chaptor 5, ocpoelslly 1o carliop sﬁngos of
obotructions In tho 2malysic deno by Teid, amffcrgaj tho Qiff-
croat oituntion of a'cmamam#ics in othor ports 0f o Pospime
Loty cystem waro wet fakon dnto acmwi vien tho offest of obpm
' graction on the lowsr nimays tae coasidorecds Honco 1% vop not
2 reslictic caso.

thoe varintion of the dynanmie cm;:limw vith frocucnay
ce apalysccd in this ednplor glves & noro mlinﬁ&d gtudy of tho
situstion &n obstructod lung and &s a mepsuro of dissso 4n tho
lung tisoudss Tho amlysls 4o oquelly ucoful fog dotoction of
obotrnetion $n lung tiseues oven vhen tho subject hng aheorsality
in othoy pamis aé P regpiratory mwotes { like tho eacos of
notimag Dropeditde, s cophyese ) Tho patient chon pabjoctod
to o breathing Croquency of OB35te 1.25 Brp/boe { uhich 4s only
o penconablo frequoncy to bo tolerated by o patient ) vill givo
gufficicntly significant wrintion 12 complisnce whilch doponds
won tho O obstristione |

Bat ovon in thie amnlysias, 3t %5 found to bo 1ittlo
Gifficult to dotoet tho obotrustion in ths lung tWosoo voon
4% %e Dolou 358 Yot this glvos botter nasistonco to tho dotooe
tion of dircease of tho lung Yioouns in wost casoos boforo Cho
discasn is much eppravatods

T wnrdation of coplionco 1s Salicn vith roforonce
to 0 poferenco dnmctoriotic (Figs56.8)y 1hich ia ¢he chametonw

iotic of o eovnad pocoirntory mvsten 0f o mornl wbjoet vith
| ito ﬁaml pomanotors end ot goro O obstructions FigeG.10 anﬁi
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6.12 chov respoctivoly the Gynamic rosistance and impedanco
sensitivity at 709 obstruction vith rospect to their respective
reforence charactermtiés' It is geen thet thoco reforence
charactopistics Ara not oven different fron the lung o‘b‘étmcted
characteriotics of othsr~vige normml subject {(ease IV). Thus
they are not ot all tndicativo of the disensoed condition.

Piz+6.11 shous the compliancs vapiation vith rospeet to
£roquency (froquency mnsitivity} at 704 tissuo 6bstmctzion of
tho four eacos considered with roferonce to the reforenco
chxmetoristic of compliance. The doviation of the individusl
afmmaﬁeriatiea of each cage from this refarene:‘za chamactaristic
can be studied to anslyso the effect of obstruction.

The offect ﬁr ngey sexys body stfucturn otc, :a.iac can be
correlatod to the refereneo eharacteristie of compliianco by
definito rolotionchip fron statistienl dste ond thus goneralizod
roforones characteristiec can bo doriveds (And this is beyond
the scope of this dissertation tork)s This has bocome nocossnry
bocauss in our annlysisy the offoct of collapsidle sognent con
olianco Ca is also eonsidercd. (In T.HeEhaffor's amlysis C, ms
noglected thus getting a constant walue for efﬁo for any fremuenc

at 0F obstruction and this condition 1s 1doal onlye).

Evonthough this theoretical model rosulis c¢an be mantie
fativoly ecompared now with o physienl model onlys it can Do used
to givo insight into the stago ot vhich tho actusl physiolozical
systen(lung ticsuo) 4s nffected, in clinical diagnogise. lidth
nore accurate nethods of measurements of the parameters of the
rogpipatory system and baged on date of sufficiont nunbor of

pationts of aifforent typoo of Giscasesy this anslysis ean be use
for the offective dotoction of obstruction in romote parts of the

sy sten nore accuratoly ond at enrly stagos of dizensos.
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Hodeling of physiologicsl systems and proper technicues
to utilize the amlysis of ths nodels ars challenging fields
of research. HNHodels of rempirotory systen were developed and
modified by many and some of %hwam uosd for diagnosis puypo-

fﬁ#ﬁj |

The model doveloped by fGolden ot ﬂ{ﬂ is uged as the
reference to the model developed by the suthors This model
developed by the author is utilized for automatic diagnosis
of lung disenses. In this wodels the maismnm and wsapuanm
of the collapnidles niddle alrwmyay- the resistance of ths lower
sirwmys end the compliance of m lower lung or tisouss { or .
the lung elastic recoil ) are considered ap non~lingar funce
tions of their wolumesy Dased on the moct vocent and relisdle
dats svailable. Hones the anmlysis gives bstter and accumte
wilues of systen paramsterss figarer to the #mx physiolegionl
wiluess In edgition to this, & mem set of paraneters
called ‘diagnosis parameters’ are derived from the syctem
paransters to be used with computer for automstia disgnosis of
dfseases. Thepe diagnosis parmumeters are not affected by the
body sizey weighty age 2nd sex of the patient, unlike respira«
tory systes parometerss The number of *amgndsla paraneters’
selected to be uszed with the computer will dscdde the mumber
of differont lung dissases that can be dlagnosed. In cur analysis
six binary paramesters are gelected for disgnosis purpose which
gives sixty four combirstions of diseases. The method tas besn
tested for available exparimental drta. The results chow thet

the method is consistent and reliable and can be used on computers
directly.
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This nothod solvos, to & grest extont, tho problens
foecd by physleinns in tho dingonsis of eortnin lung diccasos,
vaich rhovu guite eimilar onmtormal mndfostations or symptons
oithop at carlior stagos or af advancead stapos of dlesncooy
bat for vaich the prognosis and indlested treatnent aro o
bo markedly differcnit. nd tho method ié coro proeiso and
accarato thon ony of tho mothods developed co for.

’nother advsntago of this nothed 1z thot olmost oll
the wmpinblo pamncteors of the gysten used in they annlyodse
aro poasurnblo end that eiso to woch accuraey.

In this amlysie, the defocts or obstructions in tho
lovont pord of the pulmomry systom fionoly tﬁa lung Pioouos
could not bo dotoeted catisfactorily, bociues its paranctors
(rogistancawconpliones combinmatian } 4o eormparativoly rmch
Iaccor thon other parnmeters of tho systom « Homeo itc ine
£luonce on tho overall syston parcmotors s incigndficont.

Bat i%ts obstruction 1 sipgnifieant vith rospect to the hoalth
of the cubjoct. |

Froquotcey - sonoitivily of the mochonierl paranctors of
tho systen vag dovised by Sheffer (] os a theoretlicnl cothod
te put fnoisht ¥ty tlm porecnt obstruction of lovor aimnyoe
In tho mathof dovoloped by tho suthors nore roslistic and
Golailed oodol i3 congldercd and the Ylung ticm paranetors
arc coparated from tho lowor mirvays to dotect the obntruction
oven in carlier stifos of dicgnroe Also tho offect of varintion
fn rosictenco oo voll as exzp_lﬁanco of tho lung tissun 1o cofi-
cidorcde “min difforont oanos u’imm‘ a%haé gyoton payanetors
affoctof oro talen Into ncecunt 8o thet this nothods to o groat
oxtcaty givop moro rorlistie and securate dotection of &lecosop

- = e e b M Wl L L A A — PRy
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eorlinncs to froqueney warintien 8s fommd 0 Do o oonure

of tho ¥ dircasos It Lo oocn $hat thic oothod glvon estipe
fogtogy romltn for &ingnoniso purporns neopt dn ey Woro

tho wapor ond lowor admays oo affacted o snch on anlond

tint %ho comecnteution of Wo physielnn ruot Do on tho waolo
of thy wotcy mithor thon tho ltog S40cuos nlomoe Sho iconeo
evnld bo dlogaoncd dn eacos Yhoro tho obstrueticn 4s abovo

35% Gmomilized poforcace enmotoristics toldng nto Docovat
tho comp 6oy Doy otructupe obcs ho darived frd o Dotiop
stntisticnl dato of yolch pasumolorses ‘
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APPENDIX - III

v @ =27

=== = (1= OBS}Z’

‘E&m e th {1 % Blmfﬁlm)
T T AT AL TR T

= (1 -~ 6B5)>

Gta 7 Cut (Crea o ) 7 L2 2 ( Gy fGyyp )]

Cien = C2e” Ot

o Pt Qe

o " Mtn * Jen

Aw) = "zf'a%tu"” c %; * Gy

R) =+ PR T Qe ) +0h Geah e
Gy ¥) = AM/TF w& "‘mm“' "n Cita ) + Cy¢]

Ry s (R R A ) cgt(‘w‘)3/[&?(3)»?2§t‘§t(w)¢cm¢cn(u}j
vzka(w).ca 02 w) + [ C + G {ﬁ)]?’ |
E(W) E i

Gy +Cp (W) + "‘1 ©) W g cﬁt Wy

a(w)s{"{m)»h/ }0'5 : _ -
Symbols used in Cmnter programme

e vy Pty P e B/l K= Rypy s Ry B = By




O R A T
T n? A1) = A{u)y AX = wa Bﬂ' = "ﬁcltn -e»‘?aclta,

BT;&GFI;%(IJHBIW}#Q‘I)’“GI ) m“'ﬁvﬁgnﬁa»

Rl = ab,. ¢z = 32,5.31(543 Gitfu), AL o= c ¢ Gelud s

RC(I) = %‘W)nﬁa¢§ .fgfuj s [ qn % clt &:}32 :

R(I) = ® (u)y O(X) = C (u)y 2HI) = 3 (u)y

RI(I) = REwI/R(0)y CO(I) = B )/B(0)s 22(I) & E(u)/2(0)s

CO-2U0TER PROGRAIZIE

€ C RO IRTORI PRBCUISICY RELPQISD I JOI 2ACERILE

DRIETOI0N A(L0)y H(LO)y HL{10), c;.(m)ghme),a{m),
C(10)53(10).
DIEISION RR(10J,CC(10)922(10),F(10)
"RGAD I3 CTpREA Gl Tl o Koy ITH
DO 20 I = 14 IIUW
READ P(I)
U{I)=6.2832 %F(X)
20t CONTIIUR

0B2=0,

1002 DO 200 I=1,I

| Pole/( (1e~0B3)1sL)
Ri=NTE(leo? )
WieRARE/(ROeRT)
(={1l.~008 3

o e 32V s SO N
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AT )=ATR IR +CT
BEL(1)=MLA% { ASRT AN TT RN+ TARCATIRCT )/A(T)
C1L (1 )=4{X )/ CA%e( T ART ARCI6 THRTITIZCA JoCT)
CrmATE(RL{T JRCL(E ) Jean
NT=CECn(l)
RC(T)=ComCiam2e NE 2R
R{1 )=FU+RH1+RL (1 )5CL (1 )=%2/RC(I)
C(I)=RC(T)/EAtLeC i)
Z(I )= (B0 Jmm29) . /({1 )m0(1 ) Yo JunD o 6
BRR(I)=R(X)/R(1)
CC(I)=C(1)/C(1)
Z3(Z)=8(1)/21)
URITE 129X P(L)s R(L)5C(X) B(X)
128 FIRIAE(/y 1By BpReB)
VRETD 134RR(1),C0(T ) 33( 1), #5S
132 DIRING(/y Dy By EeB)
200¢ CAUTIUR
@h2=PB8e 1
IP(FE214) 3004300, 400
3002 GF T¢ 100
4002 STRP
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