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LUNG ANATOMY AND
APPLIED CLINICAL ASPECTS: I

Introduction

00:00:20

Right lung is biggeer § heavier than left luno,
Fissures :
Deep depressions on the lung surface extending to the centre of the lung,
Lined b5 visceral pleuro.
a fssures on right and | fissure on left lung,
* Right horizontal/minor fissure : Between right upper and middle kobes.
* Right oblique fssure/major fissure : Between right middle and lower lobes.
* Left oblique fissure : Between left upper and lower lobes.
* Inferior accessory fissure : Separates medion segment of lower lobe $rom
the rest of the lobe. ' -

Arterw tro

®m

Pasiotal plewra
Viscersl pieun

Hyvieg g

Fissures of lungs. Expansiie property of lungs.

ﬂpph@d aSped' :
¢ fuscultakion over infrascapulas region and back : To examine lower tung
iobes/hase of the lungs.
* Chest X roy PR view : Portions of lower lobes are hidden.
* 1o view louser bobes | Lateral view is preferred.

During ncpiradion, lings con inflate 40 56 L or by 4L an
Pleura 00.06:10
. . 2 A

Covenn o s,

3 lo%er g

* Outer bjﬁet : Poretol ‘;k':um

* nner lmje( LViscerol pk{um.

Layers ol plewra.
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Lined by squamous epithelium (Mesothelium.
Pleurol cowﬁf}j * Contains 1S-30 mL of clear pleural fuid normally,
Note : mesothelioma. is o. mcdign&n’f tumour origino&ing Lrom pleuro.

Parts of parietal pleum:
. Cervical pleura.
3. Costal pleura.
3. mediastinal pleuro. .
4. Diophrasmodcic pleura.

11111 o

Normal pleural fluid : .
* Volume : IS 10 20 mL. Parts of parietal pleura.
* Total count : 1700 celis/mm?>.

* Diferential cell count : 1S% macrophages, 3% lymphocytes, 1% mesothelial
cells,

4 microbiologicaj ond c:.jfological anodasis : Megaiive.

* Function of pleural fiuid : To reduce friction,

microfitration $rom capillaries — Fiwd reaches pleural space — Absorbed bu_,j
stomo/stomada. in porietal pleura. — Absorbed into lymphatics.

Pleural effusion :
Couses :
. Increased capillary leok : Inflammadion, infection.
a. Poor pleural Iarnohodric drainage : Mediastinal adenopathg, lymphoma,
corcinoma. lung, pulmonary tuberculosis,

Chest x roy ’Rndings :

* Homogenous opaci‘hj.
* Blurting of costophrenic, cardiophrenic angles.

o 0 s ;
LSS of heart/ dsaP} ;ragrnahc bhorders. Chest x rau showng
¢ medostingl shift s site sde. left pleural efusion
Plewral Swud amigs.us :
¢ lotol u;,un{) dd'terential count. ® i '.wm'muk):w'u‘; ai\(.llkj‘-f.l\'..
. (Jj’(oioaa. ¢ Adenosine deanminase (o),

¢ Nucleie orid ou \i;’nf\'\rn{v}l's test (unit),
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medical Hwommscopa :
* Direct visualisation of pleura, pleural covity,
* Biopsy from parietal pleura for histopathology and NART.

Lateral wall lesions on chest x roy:
Pleural based lesion Pregmn’c bel\g sigrx
Obtuse ang\e with the chest wall. Pleural based lesion :
Lung parenchymal lesion : Aeute angle with the chest wall,  Pregnant belly sign.
Lobes of the lung 00:17:35
Right lung : 3 lobes (Upper, middle, lower).
Left lung : & lobes (Upper, lower).
Right upper lobe. - Left upper lobe.
Right middle lobe.
QI‘SN e e Left lower lobe.
. Lingula..

Lobes of lungs.

On chest x ray, lung felds are divided into upper, middle and lower 2ones to
decribe lesions.

7N

| @

Right upper lobe covity uwith Idiopathic pulmonary Rbrosis ¢ Reticwar
consohdadion : Pwrmmrgj tuberculosis. opacmes in lower and upper 2ones.

Pseudotumour/phantom tumou : Azygos fissure (Accessory Dssure) :
Fluid flled within minor fissure. Normal variant in I-3% population.
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Hilum 00:28:20

Area. through which pulmonaxg arteries, pulmonary veins, bronchi and lymphoties
enter the lunggs.
Attaches lungs to the mediastinum

Qigh’f hilum ¢ Pulmonmg ar’cer5 lies in front of the bronchus.
LeM hilum: Pulmonary artery lies above bronchus (mnemonic : LAR).,

Left pulmonary artery, : R
Superior pulmnargveh o
{-?.ight bronchus. =

inferior pulmonary vein. |

Left hilum

Le$t hilum is high than right hilum : Pulmonary artery on left side is above the
bronchus.

I¥ right hilum is higher than left : Right upper lobe collapse.
Lesions of hilum : o
I, Bronehiol lesion ¢ éronchogenic carcinoma.

3. Oiated pumonary astery : Ptdmomrg OJ"(erH hﬂper*censim
3 Pulrmmra vein dilotation : Rare.

AP

4, Wilor lﬂmph node.
S, Mediustinal lesion,

b/L_thjedpuhu)tmtj orter s - Opaciy v raght hkun B/l emuaa.(hun-aft hilou
(s l"}l‘ﬂ!lj orter Y H.ﬁ;et tencioi lu,l 1y nnbdl\')i.um\‘ HY S COMDdSS,
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Trachea divides into right and left bronchus ok carna.
Le® main bronchus is narrower § longer than right main bronchus.

Qishf main bronchus divides into :
L Right upper lobe bronchus.
3. Intermediate bronchus : Divides into middle lobe and lower lobe bronchus.
Le®t main bronchus divides into :
L Left upper lobe bronchus : Divides into upper lobe ond lingular bronehus.
3. Le lower lobe bronchus.(No middle lobe bronchus on left side).

main bronchus —> Lobar bronchi — Divide into sesmental bronchus —
Subsegmen’ca! bronchus.

* main bronchus : Primary bronchus.

* Lobar bronchus : Sewndarg bronchus.

. Segmen’cai bronchus : Ter’c‘mg bronchus,

Larynx
Trachea.
E'ght main bronchus. CATR
b‘;g":{“?w Left main bronchus,
onchus. Left upper lobe bronchus.
Right ntermediote bronchus. " LeM lower lobe bronchus.
middle lobe bronchus.
Lower lobe bronchus.
Dimensions of airways :

* Totol tens‘th of trachea. : 10-1S em in adults.
* Introtnoracic portion of trachea : b-9 em in adults.
Coronol diameter of trochea ! 13-35 em in adult maole.

i=a. em in adult fermale,
Sagittal diameter of trachea : 13-3.1 em in adult male

I-a.3 cm in Yemales.
Left main bronchus length : 4 em,

Q\Sh’c main bronehus !eng’c’n P aem.
5/ 665



* Length of right intermediate bronchus : 4 em.
* Diameter of right main bronchus : 1S cm
Diameter of left main bronchus ¢ 13 em,
¢ Right main bronchus makes an angle of as-20° with midline.
* Left main bronchus makes an angle of 4S° with the midiine,
Foreign body goes commonly in right main bronchus : wider; shorter and more in

line with trachea.
Trachea midiine A
Aduh coronal diameter -

E’q Adutsagtal dameter | _
— Mae=l3M,y, L i
Norma! iracheal - " Femﬂbt::lﬂn413a“ " e
length 10-15 cm ™
o Fh{-kenhg ot expira&org loop :

- Intra-thoracic Intrathoragic obstruction of trachea.
tracheal length 6-9 cm

.
Right main o !
stom bronchus
2em L
i
Rght main
siom
bronchus 4
dameter L
15¢em S
bronchus
dametor 135m Flattening of inspiratory loop :
Dimension of arrwaus. extrathoracic obstruction of trachea.

Clineod ur?or’came of Sow volume curves : Site of obstruction con determine the
e of crecd venured to relieve dracheal obstruction.

Cross sectional anatomy of airways :
Cross sertonnl anotomy o bronchus :
L S museie la.ujer OGS Cross Pa'(’(m N, Causes bronchoconstriction on
CONFCLOA0N,
8. Conyechive hissue \O.lj‘..ﬂ" oy hete f'.’A!‘hL’u‘l}r
aoblet celis ond Subimucosal nlanx

2 gl Pogudostrot fiea cloted coiwnnar epdnelain,

o
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Changes in bronchioles in pofients of COPD and asthma. exacerbation :
* Smooth mustle hgwrirogh%
* Norrow lumen,

¢ excessive mucus inside lumen.
¢ Gondulos htj;')erhophxj.

Bronthiol ther n\q)lo.shj ;
* For treadment of uncontrolled severe asthyna,
’ Target " Smootn muscle tistue volume i reduced,

mucodlmrB escolodor :
* Protective mechanicn of upper QWY
* gpithelium: Peeudostrotified ciioted columna epheliun.
* Goblet cells produce musus lyer over the cliated eprhehum,

71665
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* To and fro movement of cilia (mucoc'aharg escalotor) moves musus touards,
the phar Y.

* Normal frequency of ciliary movement ¢ 1340 Hz,

* Foreign bodies lodged in mucus layer is pushed out into the pharyrx by mu-
cociliary escalator.

R M',; ok 5
Pseudos’crmh%ed cilioted columnar microvilli and cilia. on
epithelium with goblet cells. electron microscopy.
Structure of cilia :
° . . T ‘i, =
Perpheral microtubules : l R
9 doublets consisting of microtubule A and 8. /.5 f\ /
* Centrol microtubules : | Pajr, < ‘)/l% auter dynein arm
* Radial spokes connect peripheral microtubules [ \_ 1‘.} /s
%o central microtubules. {f' SR S
* Perpherol doublets are are connected b5 nexin. ;1:;:.“;
* Dujenin : Outer and inner dyenin. S —— mictonbuie A
ATP producing part of the cilia. Cross section of cilia.

Primary ciliary d}jslﬁhesia : AKA Immotile cilia. Sl:jndfome.
* mutakion in ciliar5 structures.
* Clogging of airways due to secretions — Infections.
* Sinusttis,
* Recurrent lung infections —> ronchiectasis.
. 1n‘w’er‘dl':’c5.
* S0% coses : Situs invertus.
* rortogener Stjr»dmmei

L Triod of sinusitic,

3. eronchiectasis, C,Ljshc shadows in 8/L lower lobe :
eronchiectasis and situs nvertus,

4, SHus invertus.

L ‘/r»w'.‘rj f',njnclronx: : ml{agener’s triad + ner tiliky,
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LUNG ANATOMY AND
APPLIED CLINICAL ASPECTS 11

Segments of the lung | o010

Apen Rulmaniy Anterier Apes hulmoniy

Apicat ~ Apice-Porlterior

Superior lobe \ - Aatenior

Posterior % ; tuperior lobe
A
/i
/Y
fFivswrea

horizentaliy
pulmoniy deatai)

~ Fisswra obliqua
Lateral

T Apical

Fisswrs ebhiqua —
Apicat N

> Inferior lobe

inletior lobe =

Lateral

Loteral
= Antenior

Anterior Midle lebe WMedial  Iaferier lingula  Superior lingels

Right upper lobe 3 Anterior, apical and posterior.
Right middle lobe a medial and lateral
Apical, anterior, posterior, medial and |
i S
i}ght lower lobe Gteral
Apicoposterior, anterior, superior lingula.
4 .
| LeRupperiobe i ondinferior lingula.
Lebtlowerlbe | 4 | Ppial onterior, posters .nd laderal

eronchopulmonary segments :
* Bosic functional anatornical unit 0f kung, with it's own bronchial artery, vein
ond kﬁ:rpha’nc channels.
* tach segment is supplied by a segmental/tertiary bronchus along with
tertiory bronch of pulmonary artery,
* Pyramidal in shape, opex directed towards hilum and bhase is directed tow-
wards pleurol surface.
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Clinical significance :
* tach segment can be surgically resected without o&-‘iec’cing the function of
adjocent segments.
* Certain diseases commonly affect specific segments :
o. Apical and posterior segments of right upper lobe : Tuberculosis.
b. Anterior segment of right upper lobe : Lung cancer.
¢. Posterior basol segment of left lower lobe : Intro-puimonary lung
sequestradion,
d. Posterior segment of right upper lobe and superior segment of right
lower lobe in supine position : Aspiration/lung abscess.
e. Basal segments of both lower lobe can also be affected by aspiration.

T8 : Apical and posterior segments Lung abcess : Posterior segment ot
of right upper lobe, right upper lobe.
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Divisions of airways 00:14:06
Types
I Conduction 20nes :
e "4 generodions ot airways.
* Only involved in conduction of air alone (Terminal bronchiole included).
* AKA anatomical deadspace.

a. Acinar airways/terminal respiraory unit :
* Last 8 generafions of airwoys.
* Involved in gas exchange.
* ACInuS ¢ Parencl’njmol unit in which all airwoys have alveoli attoched to
their wall and thus participate in gas exchange.

4

0

Conducting sirways

3
j 4
5
Bronchioles i
!
: l
Termunal
bronchioles 14| Z
Transitional "
bronchioles
16| 1?
o 17
bronchioles

Acinar sirways

-
-]
~w ||l el | N

i
‘:gﬁ}h

gronchiole :
* Sient zone of lung,
¢ eronchiole is a. non cartiloginous airway < dmm in diameter.
* Terminol bronchiole —* Qespirodrorg bronchiole — Alveolar duct and alveol.
* Upto and incuding terminol bronchiole is the conducting zone ~ > Involved in
conducting air ot in gos exchange.

* From the restiorﬁ bhronchiole onwords Qespsraior Yy zone starts.
11 /665



Alrway Generation
Trachea

Bronchi

Bronchioles

Terminal bronchioles
Respiratory bronchioles
Alveolar ducts

Generations

1-3

4-13
4
16-18
19-2
3

Cheracteristic
Cartilaginous
Cartilaginous
Membranous
Membranous
Partially membranous

Role

Conducting

Conducting

Conducting

Conducting

Partially conducting and gas exchange
Gas exchange

Gas exchange

Yes
Yes
Yes

éronchus vs bronchiole :
. eronchus | _ _ eronchiole
* Cartilaginous rings present * NO carﬁ\ase.
* Cilioted columnar epithelium. * Ciliated cuboidal epithelium.
* @Goblet cells present. * No goblet cells.
* Submucosal Slands present. * No gland, Instead club cell present.
* Smooth muscle present. *_Smooth muscle present. o

Club cell :

. Pre\ﬁousla known as clara. cell,
* pon-cilioted cell in bronchiole.

®*  Function

a. Produces CCAP (Club cell secretory pro’(etn)

b. Produces surfoctont components.
¢, Xenobiotics,

12/665
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Secondary pulmonary lobule 00:23:35

Features :
Functional unit of lung,
enclosed bg connective tissue septa on all sides.
Contains 3-S terminal bronchioles.
Interlobular septum made of : Lobulor artery
* Connective tissue sepka. Lobular bronchicle -
’ Lﬂmp\'\amc chonneks. Terminal bromhde -
L] Pldmnar}j \‘e\ns. 72 - - I
groncho-arterial unit :
* each bbule has its own bronchicle and arterial supply,

Dimensions and geometry:
* Pentagonal in shape.
* Size:S-a em.
* 30 acini present.
* 1S00-4000 alveoli present.

oomponen{s :

* Septal structures :
o. Consists of lymphatic channels ond veins.
b. 0J mm thickness in the periphera.
¢. Diseases cousing its thickening : Pu.dmono.nj edema, |5mp\'\ar3i’cis

carcinomodosis.
* Centrilobular structures : Include bronchiole, |5mpho&ics and 3° artery en-
closed in connectve tissue sheath called bronchovascular bundle.

* Lobular parench_tjmol structures :

o. Congists of acinus and alveoli.

b. Peripheral lymphatics

Centriobular structures C1 p.c{ure
13 /665



Leads to hgpoxemn due to diffusion defect across the alveolor capillary
membrane.

TBpeuaNeobrep&helw cells
* Defensive cell of alveoli

* Seen at the comers of alveoli, solitary cell.

* more number of organelles : Lamellar bodies (ntraceliular storage form of
surfactonts).

* Functions : Reperative action, produces surfactant (8 and C : Protection and
stabilization of alveoli, A and © * Immunological and protective function).

Clinical significance ot surfactant :
ReSpIm&Ol'Bdls’n'eSSSHndmme(RDs)

. De%dango?mr%ﬁmﬁhﬂweinmo&wehrgso?premeneom

* Rx: aogmussw%zkm’creplaeemen’c*chempg. ‘
Pulmonary alveolar protenosis : InefSicient cotabolism and excdss deposition of
surfactant.

Interstitium 00:54:58

Features :

* Collection of supporting tissues within the lung,

* Provide supporting framework for the delicate alveolar sacs.

* Consists of : elastic Abers and bundle of collagen fbrils in an extracellular
madrix

* Interstitiol cells : Fibroblasts and contractile cells.

. Cens&\o&areparfo?dei}ensesgstew Interstitial marerophages and mast
cells,

T% :
I, nado.l/peribronchovascw interstitium.
a Parandwgma] or intralobular interstitium

2. Subpleural or peripheml interstitium,

Fllwid balance in interstitium :
Fluid?ormedaihishermteandnotcleored
odequately — Interstitial edema.
d’\es‘txma:ﬁedegalm
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i

\diopathic pujrno"%brosis

Pdmonaglisamem:
* Connects the visceral p&wrao‘«‘-’chelurg%oﬂ'\emedhs’cm
* extends from hilum to diaphragm.

. nlsocal\edtrm\sulo.rhgwnen’c
. uSual\Bno’cseenino.ches’cxmﬂ.

Apex

1st rib

Parietal pleura
Visceral pleura

Pulmonary
ligament

Costo-

diaphragmatic
recess
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PULMONARY MECHANICS |

Introduction - o __ boot:3e

Mmgmz
&smwoﬁmmm&wmmmiwmpwmasgstmm

depend on physical laws that govern pressure, volume and flow.

R helps in understanding *

* Pathophysiology of diseases.

* Severity of diseases.

° n'mmgema*o?pmhuomrgd‘seasm
ARDS —> Lung protective ventiotion

Normal breathing :

inspiraction :

* O contracts — Apex-base diameter of lung 1.

* Respiratory muscles contract —> Outward movement of chest wol,

* Lung voiume  —> Air moves inside lungs.

* Visceral and parietal pleura. are in close approximation with each other.

ik §

® Poassive process.

" mmagnrmmmmmmpos&mmnsmm
wall.

. aasticrecoioiﬁkmg—-r-‘oreesmeairwt

Pressure relationship:  00:05:56
At end-expiration :
* No airSiow.
* (Pressure of airway opening) P, = 0, (Pressure af alveol) P,= 0.
* (Pleural pressure) P,= -5 emH,0 (Subatmospheric, opposite tendency of
chest wall to expand and elastic recoil of lung).

At inspiradion :
° PH=~8crmao,contractiono$re5pimtor5mscles~*Pushwfd-esfunll.



* P, = -3 cmH.0, a portion of negative pleural pressure transterred to alveoli.

. anmyp'esslxre!%mH‘O.
. Rirmo\es%mh‘ghpressure{'obwpmsm.

Tronspulmonary pressure (TPP) ¢

* Difference between alveolar (PA) and pleural (Pp pressures.

* Net distending pressure applied to the lung,

* 8y contraction of inspiratory "
msclesorbgpos&ive—pmssure
ventilation.

* 10 & normal spontaneously
b\’ea&hingpe\'smTPPisalungs
positive — teeps lung expanded., \

* In preumothorax, TPP is 0 and At end exprration. At inspiraion.
lung collapses.

expiradion !

Possive process.

Diaphrogmadic relaxation, elastic recoi of lung,

In cases of airway obstruction — Complete expiration does not happen, con-
traction of expiratory muscles occurs (Active process).

Flow=vdumeo¥3ashunitﬁme.

volume : Space occupied b}j a. gos.
Determined by temperature and pressure.

measured bﬂ sP‘rome’:rB.
6000 Inspiration
lung volumes :  00:16:26 o
Inspuatory Insprratory | | Vital Tolal lung
reserve
e capacity| |capacty capacity
E
: f ol o
E 4 Ic 2000 E:;xrllory W Fw&%um\
ve 1e801ve volume fesidual
5 e capacity
2 1000
o e -
0 tﬂ\' y { J
Time (sec) Time

w\gvolwms.



Tidal Volume : Volume of air drawn into the lungs during inspiration from the
end-expiratory position during quiet breathing,
Normal vakue : SO0 mL.,

expiratory reserve volume (BRV) : Maximum volume of air that can be forcibly
exhaled after a quiet expiration has been completed.
£RV : 0.7- Litre.

Residual volume RV) : volume of air that remain lungs after o maximol
expiratory efort,

RV : -3 Litre,

In emphysema, RV | Obstructive airway defect).

Functional residual capacity (FRL) : volume of air that remain in lungs at the end
of normal expiraion,

Blastic recoil of lungs = expansion of chest wall ok FRC.

FRC= ERV + Rv.

1.8-a.3 Litres.

mpra&agrmvevokmedw)%xtmair&ntcmbeWﬁenhaddwmhﬁdm
volume,
IRV : 1.9-3 Litres.

k\spro&orampacﬂyﬂc)=mxmmvohmeo¥akﬂmtcmbe inhaled from the
end—expiratorg position.

TV + RV.

IC : 3.4-3S Litres.

To’calbngcapaci’cg(w= Total volume of air contoined in the lungs ot the end
of o moxdimum inspiration,
TLC : 4.3-5.8 Litres.

Vitol capacity (V) : Volume of air that is exhaled by a maximum expiration
ofter a. maximum inspiration,
VC ¢ 31-4. Litres,



Elastic property of lungs 00:26:47

iance : Distensibility of luna, easiness to inflate the luna,
ung
Compliance = Change in lung volume

Change in transpulmonary pressure
C=-AV/A(Pa- Ppl)
Elastance : Ability to resist transformadion or any distorting force.

I lung volume near RV, compliance !
¥ lung volume near TLC, compliance .

|
8 |
z Inspraton
50+
f=
g
&+
I
]
o - == 0 2 0
10 20 30 40 —— emi0
Transpulmonary pressure, cmH,0
Compliance. l-gs{eresis.

Hysteresis:  00:30.49
Difference in pressure-volume relofionship during inspiration and expiration
Depends on elastic recoil nature of lung and surface tension of lung,

Surfactont :
Aiveoli take the shape of sphere and take the minimum possible volume, have
tendency to collopse.

Pressure inside a. smaller alveoli ?large alveoli, leads to
inequality of ventilation.

Surfactant reduces surface tension and helps in
maintaining equality of ventilation,

Composition : D—poknirtogl phosphohdtjl choline.




Functions :
* | surface tension
* | ftiectasis of lung,

* | Transpulmonary pressure.

more pressure is required for maintaining lung volume during inspiraion than in
s

* During the beginning of inspiration, most of the airways and alveoli are com-
pletely collapsed.

* Surfactant is less effective in reducing the surface tension during inspira-
m Normal

!
Volume pressure relationship in normal lung vs ARDS lung* /

* ARDS lung s less complaint. -
* Widening of hysteresis curve : Requires more

during inspiration o the alveoli Tareinceey peene
pressure during inspiration o open up veoli, ]

elastic recoil force of lung :

Structures with property o} elastic recoil :
* Pleuro.

* Interiobular septum.

* Connective tissue.

* fAlveoli

Components of connective tissue :
elastin ¢ elastic recoil. ’
Collagen : Limit the over-expansion of lung (600d tensile strengtty.

Changes in compliance *

* With ageing * Blastic property decreases, T compliance.

* In emphysema : glastic fbers destruction — | elas-
tic recoil = fir trapping — v and hyperinflation.

* Interstitial fbrosis : | Compliance. Chanoe R
s

Complete collapse of one alveoli is prevented by :
L Surfactant.
3. Interdependence of alveoli. .

2. Colloteral communication. Collateral communication.



Collateral communication

Pores of kohn @ Intercommunication between alveol,

Canals of lambert : Communication between adjacent bronchiole and alvest,
marting canal ¢ Interbronchiolar communicadion,

Elastic property of thorax 00:45:01

Chest wall has the tendency to expand ot lower lung volumes.
Chest wall has the tendency to recoil when ot TLC.
elastic property | in chest wall diseases

I. ¥yphoscolioss.

3. Arkyjosing spondyjitis,

3. Obesity,

%hxaﬁmgwe—vokmwww
n’cFQ.c,recoilo’Fluns=a<pmsivem’cureo$chesmnl\.

100 -

1 ]
B

20 0 » - 2 0 W2
Prossure, cmH,0 Praseuss, om0
Elastic property of thorox Relaxation pressure-volume curve.
Compbell diagrwn : oee COPONRY
* @etween negotive pleural pressure and
volume,
* InCOPD: FRCS. 5

* Ininterstitial lung disease (L) or lung
Qbrosis : FRC .




m&alelastiep'opago\?ﬂwempm«gs}jaemt

(A - ppD + (PPl - P = PA - Phs.

PA-Ppl : Transpulmonary pressure represents elastic property ot unogs.
Ppl—Pbs=&thcproper+509 chest wall,
Pbs=ﬁes&matbod53n¥ace(nhmicp'es&me).

Dynamic mechanical properties of respiratory system :

* Resistance : Pressure required to maintain a. Sow.

* Airway Sow resistance : 80% Pressure required o overcome resistance to
ges Sow through the airways.

* Pulmonary tissue resistance : 30% in patients with ILD/parenchymal lung
disease tissue resistance i high

; Wres&tame%odr%w:upperrespiro&og{rm,msecmmmso%

. Qamhderﬁaimnﬁrwstmce:wbansesma*almdwbsegmalbrm-
chi

¢ Airway resistance in bronchiole is lesser than in bronchus : More cross sec-
‘ional area. of bronchioles.

Factors a&‘-ﬁed-‘ng Qirway resistance :  00:56:10
L Diameter ot airway * inversely proportional.
& Lung volume : lnverseig proportional
3. Density and viscosity of gos.
4. Flow pattern.
S. mucosal edema, smooth muscle hypertrophy,
. Autonomic nervous system : Ba receptors (}, cholinergjc system (.
7. Vasooctive intestinal peptide (VIP), nitric oxide : Reduce resistance.
a

'rwmuu

|
W

Potterns of airflow :
n=Lom'nrmoar&’owinsnn!\airwa55.
& * Turbulent airflow in major airways. _,'-92%
C : mixed Sow padtern of the point of
bifurcotion Pattemns of airfow.

o
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Poiseullie’s equodion :  01:01:32

V': Flow, ) : Viseosity of gas. AP = V8| Flow = i x radius4 x Al
P RAMLS LT Lmph oY ks i 8 x lonath x visc
Pressure is inversely proportional to 4™ power of rodius.

I¥ radius is reduced by 1/a, pressure is increased by 1o fold,



Reynolds number Re) : 01:03:08

Re = vDp/M.

V' Velocity, O : Diameter of tube, p : Density of gas, 1) * Viscosity of gas.
® 43000 : Laminar Slow.

* 4000 : Turbulent Slow.

*  3000-4000 : Mmixed Slow,

Heliox :

* midure of 80% helium and 30% oxvgen.
. Densi'cﬂisuo’chwesmsdense’chanain
* more laminar Sow,



PULMONARY MECHANICS II

Strain 00:00:11

Definition :
d-nnaehshopeorsized.ne{o%'ceacfh\suponit

In aspects of lung, strain is change in tidal volume with respect to functional
residual capacity (AV/RRC) .

In ARDS * Low tidal ventilation is given

Low tidal ventilation —> | Over expansion of ungs — | Strain of alveoli —
lvmﬁb&orhduoedu\si@uy.

Airflow 00:02:16

Flow volume relationship :

" nir%owmvaﬂsandhmsvolumhxax&

. Monml\ghspro&ionisatnego&ives'\demdeaq)i- J
ration of positive side in the Sow volume loop. .

* In mechanical ventilator, inspiration is ot positive § |

w0

side and expiradion is af negadive side.
* expiration attains the maximum level called peak

exprad:org%ow. s - i
expiratory airflow vs pleural pressure : m:u:;;

. nthighkmsvom,ah'%»iseﬂoﬂdeperm

* At lower lung volume (S0%/as% vital capacityp airflow is independent of ef-
fort. ] e

 eproryarfoudoss
ot increase after o i.
particular threshold
however high the efSort
i given. !

0 1 2 3 4 03001100 10W
- W 1 W OB ® Voume(esbomTLC) Tanspumonary pressue
P panss. o0 fom H0)

AirSlow vs pleural pressure. expiratory Sow.



Reason for airflow not increasing beyond a. limit with e¥fort :

. equal pressure point.
a&. Bemoullie principle.

equal pressure point ¢ 00:06:48
No airflow ok the end of expiration ! . e W E

* Pressure within the alveoli and tube is 0. o v

. Pleumlpresmiswba&mospweﬁcpres-
sure(-I5). No airSlow af the end of exprration.

During quite expiration
* Pleural pressure is less sub atmospheric (-9).

* &xpiration happens by relaxation of diaphragm 4C - P

ond chest wall coming o normal position —
Positive airway pressure within the alveoli (0.

* Pressure in the airwoy is more than pleural  *
pressure.

Forceful expiration :
* Ouring foreetul expiration expirafory muscles contract— Positive pleural
pressure,

] v »
* Point ok which the pressure in the airway e B o

is equal to pleural pressure s called equal )

point pressure (ePP).
* Beyond ePP there is dynamic compression Forceful expiration.

of airway,

touol pressure point divides the alvediiinto | */” * o
upstream and down stream segments, s *® 8 ® 5

Upstream is more towards alveoli and down-
stream i more towards the mouth, ¢

tqual pressure point.
Bernoulli effect :
When gas Sows through the tube, velocity is inversely proportional to pressure.
In high velocity flow, the pressure will be low — Perpendicular forces act more
in collapsable mnuaﬂ.

[V



Practical application of equal pressure point !
1 In normal patients equal pressure point is ot the lobar/segmental bronchi which
has cartiagenous support.

3. COPD

* D/t narvowing of airways — Pressure dissipotion is $ast and equal pressure
point is seen ok terminal bronchidle.

* COPD potients should not have Sast expiration,

. Pursedlipbreakhins=Paher*ad\desverHSbui5w&Mu+m\5admexpra—
tory efort — No equal pressure point formation in peripheral airways.

Mechanical determinants of regional ventilation 00:18:02

Ventilation is inhomogenous in normal individuals.
Pleural pressure :
* Pleural pressure is more negative in the apex when compared to the base
me’tosrwﬁvjandm'ghtoﬂhelwg.
* There is change of 0.35 em H,0 pressure for every | em distance $rom the
apex of lung to the base.
Clinical implication : ©/t More negoative pleural pressure o the apex; alveoli are
more distended ot the apex than base —> more chance of developing blebs/bul-
loe ot the apex

N, washout method :  00:21:34
* During a. breath taken $rom residual volume, air is preferentially distributed
10 ¥he apex because most of the alveoli are collapsed so the air is distribut-
ed o apex —> This forms the basis for N, washout method.
* Pokient is asked to inspire pure O, from residual volume and expire in a.
meter. The meter measures the N, content in the exhaled air

\|



* Phase | — No significant N, comes out during initial part of expiration (pir
from upper airwayy.

" P\nse\\-*mshsuaconcen&mﬁon

* Phase Il — Plateau phase.

* Closing volume : Point ot which the N, start rising — Volume thot indicotes
ﬁwecbweo?ﬂwearmﬁso?—&\ebaseoﬁhehn&

* Rbter the closing volume, N, comes $rom apex of the lung,

Significance ot closing volume :
* Innormal individuals, dlosing volume is 10% of vitol capocity,
. n'cbsl.jearso?age,closhgvohmeism&wwmac&&
* Disease of smaller airways — Closing volume increases.
* Closing copacity : Closing volume + Residual volume.

Dynamic compliance of lungs :  00:25:11

. Slopeo?ﬂ»ecwveﬂ&represenﬁﬂwedHnNﬁccom—
plance o te ung ;

* At normal breathing frequencies, dynamic compliance =
= Stodic compliance in normal ungs.

* Indiseased stote, dynamic compliance may be lower  ©
than static compliance, particularly o high breathing
frequencies. i el

Y

Time constant :
* Rote ot flling and emptying of a. lung unit depends on its time constant.
* Time constant = Resistance x Compliance,
* Lung unit with h‘»sh time constont will hove h‘ush resistance and high compli-
once.

Clinicol implications :

* In ARDS, time constant of difterent lung units will be different.

* when respimtorﬂ rote is h'gh, the
lung module with higher time con-
stant will not have adequate inspira- §
tion time to be flled up — ventilation
perfusion mismatch,

* Lung unit with higher time constant
will not have adequate time to expire

12
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air — A {rroppins presen’t — Intrinsic PEEP.

Intrinsic PREP :  00:30:50

Positive end expiratory pressure,

Sgni%me it is due to incomplete emptyjing ot lung = Air trapping —>
Increased work of breathing,

COPD patients :
» C.hmeso&‘vdevelopins intrinsic PEEP are high .
. ﬂirtrapphs-’bomshapedhrgsbeeome%t*ﬂedwedwﬁmcﬁﬁfgo?

hms—"Exer’c‘uomldaspnm

Mechonically ventiated potient
. S'gni%co.n’c intrinsic PEeP present —> Triggering asynchrony,
¢ D#i‘ficwg in weaning,

Intrinsic PEEP con be avoided :
* In normal individuals : Bronchodilators can be given to reduce air trapping,
* In mechanically ventilated patients : Increase expiratory time/decrease tidal
volume/decrease rate of breathing and treat the underlying bronchospasm.

Dynamic hgperin%o.ﬁon :

Patient with expiratory airflow limitation while exercising — Air tropping will be
more significant — more faftening of diaphragm — | exercise capacity and
increased work of breathing,
Clinical importance

* Dyspnea. on exertion in COPD patients.

* This can be treated by endobronchial valve which will reduce air trapping by

uploading air infofhelungun‘rtﬂnthas air frapping,

Peep :

’ iﬁveendexpiro&orgpr&cwre.

* Two types : Intrinsic and extrinsic Peep

* Infrinsic PEEP : Developed within the patient.
* extrinsic PEEP : PEEP et in ventilotor.

Plateoan pressure :
* Pressure in lungs when there is no airfiow ot the end of inspiration.



\d ncoordrg to ARDS sujdeunes ' Tarse& ploteou pressure €30 emH 0 is re~
quired to avoid ventilotor induced lung injury,

Pressure required to ventilote the lungs !

Pressure to distend respiratory system + Pressure to maintain gas flow

= (Avolume/compliance) + (Flow x resistance).
1ncaseo$mosw&hhcreasedresistancemd009bw&hdecreasedompiame
* Increased pressure is required to ventilote .

DrNins pressure :
* Actual distending pressure of lungs.
* Oriving Pressure = Tidal Volume/complionce,
* Plateau pressure - PeeP = Tidal volume/compliance.
* Driving pressure <4 cm .0 will reduce the morkal‘rt&

mechanics in ARDS :  00:39:23
Changes in ARDS
* Decrease in FRC.
* Reduced compliance.
* Damage to surfactant.
* ventilation perfusion mismatch (Atelectasis).
* Significant shunting,

Lung protective ventilation :

* Tidal volume of bmL/kg and plateau pressure of <30 em H.0 : Reduce venti-
lodor induced lung injury,

* Lung protective ventilation reduces the strain in ARDS.

* Time constant in ARDS is voriable : \nhomgenous |un3 — H‘Bher %idol voi-
ume — Over distension of lungs —> Rupture of alveol/preumothorax/
preumomediastinum — Ventilator induced lung injury,

* Lung protective ventilation prevents ventilator induced lung injury,

Work of breathing ) _ | 00:43:40

Tkxotapeso#worko?breaihhy&lasticw&mdresistwem
&lasﬁcwom:womdonetowerwnemeehsﬁcrecoioﬂhems.
Resistive worlk : work done to overcome the resistance of airways.

|b



Pattem of breo&h‘ns :

i depends on tidal volume andrespim&ory rote,

elastic work of breathing depends upon tidal volume,

Resistive work of breathing depends on rate of respiration

ILD patients : elastic work of breathing ! — | Tidal volume (Shallow and rapid
breathing).

COPD patient : Resistive work of breathingf — | Rate of breathing (Deep

and slow breathins). .

Volume

Work of breathing,

\nﬂweabwegraphwmwmecthSOR&Vregesen{sdasmmmo%reaﬁmg
and line conmnecting RECS represents resistive work of breathing,

Oxygen cost of breathing :

Reflects the energy requirements of respiratory muscles.
indirect measure of work of breathing,
I L/L of ventilation (Fishmar, 035 -0SmL/L (Murray).

Constitutes <S% of otal O, consumption.
Increase with rate and depth of ventilation and in respiratory diseases.

\S



SURFACTANTS

Introduction 00:01:00

surface tension : Force experienced over the surfoce of o
liquid due to attractive property of the molecules in the liquid,
such that ifs surface area is reduced 1o the minimmum.

Surfoctont :
* Reduces the surface tension in alveoli —> 1 size of
alveoli
* Complex mixture of phospholipids and proteins.
* Create interface between alveolar gas and RQuids.
Prevent end expiratory collopse in alveoli
Produced by type |\ alveolar epithelial cells.

J Surfactant 4 Surfactant

A~ [z

* In lungs : equalizes the pressure ditference among alveoli
— maintains the uniformity in size among alveoli.

approximate fluld volume In the lung

capillaries interstitial alveoli
ace
~ 65 ml < mi ~36 ml

0 intersial *alveolus

R
o i i ‘*G.:?
.iiﬁ‘
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Composition 00:07:18

* L (Phospholipids) + protein.

* PL: 80-90 %, PC (phosphatidyl choline) : 710-80 % and P&
(phosphatidy glyceroD : S-10 %.

* DPPC (dipalmitoylphosphadidyieholine) : Most abundant PC.

* PoP& (phosphadidy oleyl phosphoglyceroD : Most
abundant P& —> Host defence.

* Proteins : S-IS % (surfactant protein) SP-A, SP-8, SP-C,
SP-D.

* Lipids and proteins are synthesized in €R.

Suriactant kpicis (90%)
« Lower suriace lension

= Change proliferation and
lymphocytes

I Neutral lipids

Forms of surfactant :
* Tubular myelin : Most abundant form, extracellular in
alveoli.
* Lamellar body ! Intracellular storage form.
* Small aasresates

glectronmicroscopy of surfactant forms :

W

——
44 rl —tg
‘..3&).‘.'%" T !,':"

g TPV g gy
Ahvela Type 1 Cell
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Production of surfactant by type |\ alveolar epithelial cells :

Types of surfactant proteins 00:12:40

SP-A and SP-D SP-6 and SP-C

Hydrophilic. Htjdrophobic.

* Innate host defense of | | Stabilty of alvedi
g,

* Opsonins and activote
alveolor macrophage.

* Influence surfoctant
metobolism.

. SP-6:

L]

Chromosome 3.

Produced by type & olveolar cells and non ciliated
bronchiolar cells.

Shape : Amphipathic alfa. helix.

Function : Alveolar stabil'rtg.

AR mutodion in Exond —> deficiency of SP-& —>
Respirotory faiure.

Qe‘r'mctorg to swfoctont replacement : early death.
Pro-SP-C occumulotion — Alveolar proteinosis.
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a.SP-C:

Chromosome-8.

Produced by: Type a olveolar cells only,

Shape : Alfa. helix.

Function : Riveolar S’mbil'ﬂy.

AD Mutation —> Respiratory failure — infantile ILD, IPF.
No eHective treatment.

3.ABCA 3:

membrane protein in lamellar body : Involved in
migrodion of lamellar body outside the cell.

AR mutadtion.

mMutation couses : Respiratory distress in infants and ILD.
Not responsive to therapy,

4, Wa—lsene=

Transeriptional requlator of TTF-L

TTF-1 : expressed in lung, CNIS, and thyroid.

Regulate embryonic lung development and surfactant.
Mutation couses : Respiratory failure, ILD, congenital
hypothyroidism, and CNIS defects .

e»rain—iung—&hgroid sgndrome.

S.SP-A:

Chromosome 10.

Produced by : Aiveolar cells and non-ciliated bronchiolar
cells.

Function * Lung defense.

AD Mutodion.

susceptible to infections, develop ILD by $-7th decade
and high risk of lung adenocarcinoma.

Adult onset IPF.

b. SP-D*

Chromosome 10,
Produced bﬁ i Alveolar cells and non-ciliated bronchiolar

cells .
Function : Lung defence.
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* Mutation : Susceptible to infections.
* No association with ILD, IRDS.

Production and recycling 00:22:44

* Increase nnrﬁedlg in late gestadion.

* enhanced by glucocorticoids, e&F, cAMP

* Inhibited by TNFQL, T&FB, insulin.

* Cotobolized by alveolar macrophages under regqulation of
em-CSF.

* mutation of §MN-CSF ¢ Pulmonary alveslor proteinosis
PapP).

* excessive deposition of surfactont in alveoli, presents
with cifjsprm on exertion and non-productive cough.

* CT: Crazy povement pattem (also in pneumocystis
pneumonio).

IRDS 00:24:17

* Infantile respiratory distress syndrome.

* hssocioted with prematurity, low surfactant in lung.

* RisKk reduces with ses'co&ional oge.

* Couses alveolar-copilary leak.

* Atelectosis — hemorr'mae i hgpoxemio..

* Fetal lung moturity assessment : L/S ratio and lameliar

bodgcwn’c.
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