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Inflated terminal sac
Without lung surfactant,

/‘— (aveolus)
sac collapses. Ten times

the normal pressure is Expiration || Inspiration
needed for re-inflation.

Lung surfactant reduces Less pressure is needed
the surface tension of to re-inflate sac when
water (fluid) lining the surfactant is present.

surface of the aveolar
sac, preventing collapse.

The effect of lung surfactant
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- Surface tension. Open circles = molecules of water. Shaded circles= molecules of
air. Black circles = surface-active molecules.

(Comroe..1974) £-Y IS

Yo



““RefGrm
i ol (5598 99 pdpmiy Juad

= ol gy it o9 iy (T)an o 48 wles (o0 5bul |y (P) Jlad Ul J8s slgn s, (T) LS’ ol
aS cowl Josgll 31 (glgn lis ol (Josgll ouiS 4 M (ggpw blie ;5 11 oguine i 3 alveolar pressure
,Lics transpulmonary pressure .l o a5 5L 1y Jg9l 9 0S o oo cillie cgn p3 9 A oo Cangli
- sl o iS85 (358 ,L8 93 sl 5l g conles Jigl (o)l
33,5 o ol pj ©ygo 4 &S 345 0 e (The Law of Laplace) LMY b 4 il el 5
gy & 5 sy Joles A8l 28 (1 )o8 by 11 ol iy (P) )ltd sy ity (T) S a2 05 Jgo 8 0
2,00 oy

2T

p="—

r
S Shim b Gle Bh a g oud 1o Ko oS slo Ol joye ) a5 08 (o0 sdaliio puS B Holo S 4 3]
(- JS8) 855 o BT )3 g 00 355 55 Sy sle Gl 5 Kigd 0

SOAP BUBBLE

(West..1990)5¥ IS5

3L Jsoell s pgl (o s 1y (S3ed s G ) g sl ) B 51 5 o5 ) 005 slo 33l oor 4SOl o0 S
Ol 4 lsm 39)9 9 3 Pl )3 05 b aisl 43l el S e (ndg 5o Lol SS9 A Jale o @ 6yl (321
§ el dalgs i 4> b

oS a8l o gl b Ul o 603 0l o ol 3 g 095 0 oz g S8 sl Jgell o)y Ism o3 e o
sl Jgsll 3l lgn 5 cusl S50 Ul ) it SosS Ul JLib o5 g0 ol @ Cosl b LB 12 M 4y ) B
J$oll 9 855 (oo At g 00 oS SosS sl Jggll b ol Sl iz 51035 0 555 sl Uggll o) 55828
oS e (Jool) ST 9 21> 130 &) o gun (S iz o5 Cunl phune dtdl 059 (o o)l g 005 )5 ea 5L 1S5 o
)l 028 018 4 M 59y (IR sl > 3 398 o5 b Jigll Jha mle (raw o Jsge (e (i3S GTL
L ulodle gy slo Jobo le (raw slo JoSge m 0dimd B9 (6950 (i (sl g IS 2l ]y 5 ol 295
S (o gy LS B9 ol

‘e gl Jloto ol 4
§ A o dlogy) kT Sd b by 13 (Mo dp y35 ) 0 Sog5 510 Joig)) j/ Jg2 U

\Y#



““RefGrm
i ol (5598 99 pdpmiy Juad

1S yam S 55lg2 58 Jos

3o b gl as b sy 4S8 e LialS o s Jgigll > (Surface Tension ) xaw jiiS jials —)
-l oY ST e

alisee (gl ojluil 4y 58LeS ol J9§9ﬂ Hid alyuw ol =Y

s GRS (e JolS SES ino 4y (ol 1) g 428l 455 (25 bn Jiill b 5 o oSS coliSli g Y

J3b s La Josgll o)led (o) sla S g 5l wlo 45 35,5 o w9 395 0 COLlApSEw o gl brles covgo

(Pulmonary Edema *)a, 5zl gazs jl g il Lials coliSTh g sy Jiled ) 5 opiiS Jiall (glusd
Wl (o il (ol Joo |y Joso cnl (S0 o5 398 (0 55 ok

P———

o Gl (ol 18 (sls S g doliayd ot (Sjolisar] 5 (conip slo aS jlodlizal b)) Yot )

§ 350 (o0 g (2 18 Sl £4) 4 j 9 G Sl g0 yloib b -

S oo o it y35255 510 i) 3 |y (oo S b CilSl g -

o Sl oy U oWigi 3 Iy 5 995 (oo jUET Sloj ap jI ColSlyguw oijlw 56 Jobo Uy -
S/ -0 9509 4 Respiratory Distress Syndrome®

: Volume-Pressure Curve ,Lid — poxs  Jovie

&

O

Volum

e ——t—
20 -30

—
O 10

Pressure Around Lung
(cm water)

Measurement of the pressure-volume curve of excisec
lung. The lung is held at each pressure for a few seconds while its
volume is measured. The curve is nonlinear and becomes flatter at high
expanding pressures. Note that the inflation and deflation curves are
not the same; this is called hysteresis.
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Pressure-volume curve of the lung showing the inspira-
tory work done overcoming elastic forces (area 0AECDO) and viscous
forces (hatched area ABCEA). INSP, inspiration; EXP, expiration.

(West..1990)5—\ + JS.5

) Y e g9y p3 b ABC (gt o Cunl (6095 395 (0 pll p3 (loj 3 &5 (6 )11 03 Al y0) 3 ol )8
: ol 05 iS5 Ceandiyd 51 45 OABCD gebaus

35 o plo] StV (gligy 52 4l (5l & Cal (1S OAECD -

3l Caaglio yy 4Ll (gl &S el (5,8 4 5L o OABCD ;I OAECD Jolis 45 ABCE gebaus -y

398 (o0 ploml (B 5 (i

il oA oS5 s dw J3gd (oo pll p3jlh als jo )3 45 ()8 1035l dln yo )3 oS 8

D9 (o0 plxl 33l )3 (Bl Cuaglie g (b (5 lome Cunglie p 4de (gl oS AECF o -

) 020 oy ) 93 48 el St | GLII 5 005 0,83 (55,1 : OAECD oo —¥

393 50 o)) Syl s 4y &S el (68 4 1l o OAFCD aus 45 OAECD ;I AECF Ll —¥
25 Sy Jto il LialS gl ) GuilliosS b g ol (sylons Jto 4y YU gl S ()l Cunglio oS (gl > (g )18
Dgud (oo
D ol oyt g omndid 15 s daolono
o580 ) ol g w8 Dl 1) (3500 g (59, 5 3,50 dl s g ans &S sl (] g3 S dlons I jglaie
il B X (Giomie ) haus = (S ) R
s dwlre 45 (ot o daw (Bl ) GG 398 (o0 bule & g x> 9 4l 3 L W ol L (Jgese i ST~
SOy dalgd FO XY = OF il )5 g Cawl dalg FO 240
Ol 93 (i ) bl (oo Sl VA @ (i ) e qetS (i <10 ) G |y o 9 (LYY ) il 93 1y 58 51—
|y oS 35 5 S Lol 1y gt iy Jlog il s Cnns 51 48 3085 o alisMlo 11 305 o YA XYF = SYY iy Layl,
b oo GBI g Cans (s byl 6 Bl nl g2 dlo (o3 <l ) 0uS g
N i ) 39 (o dlg WV iz ) aw oiiS (U V) Jlop plp 93]y e g (L5 ) chai ] uilS 8 5T Jls -
LY JSs)og dales WV e X F =580 L ply s

V¥



““RefGrm
i ol (5598 99 pdpmiy Juad

Tidal Work
volume Area Frequency (area x

Volume (litres)  (units) (per min)  frequency)

(a) Optimum
pattern 1.0 45 12 540

(b} Increased frequency
+

0.5 28 24 672
decreased volume
.
(c) Decreased frequency
. + 2.0 110 6 660
increased volume
Pressure

- The work done in breathing is influenced by the pattern used. Inefficient patterns (b)
and (c) of achieving the same minute ventilation are compared with a more economical pattern

la). The shaded areas above the curves represent the inspiratory work of a single breath and
must be multiplied by breathing frequency to calculate work per minute.
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= |l - | | = (L | |
Bottom 5 4 3 2 Top
Rib Number
Distribution of ventilation and blood flow down the
upright lung * * Note that the ventilation-perfusion

ratio (V»/Q) decreases down the lung. (From West, 1985b.)

(West..1990)5—\Y JS.s
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Regional differences in gas exchange down the norma
lung. Only the apical and basal values are shown for clarity. V,, alveoiar
ventilation; Q, blood flow; Po,, partial pressure of oxygen; Peo,, parta
pressure of CO;; Py, partial pressure of nitrogen.
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Oxygen and carbon dioxide partial pressures in the various portions of
normal expired air.
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#ecord of the changes in nitrogen concentration in the expired air
wer a single previous inspiration of pure oxygen. This record can be
wed 1o calculate dead space, D
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ALVEOLAR

Pa
ARTERIAL

| DISTANCE

BLOOD FLOW —=

Model to explain the uneven distribution of blood flow in
tne wung pased on the pressures affecting the capillaries. (From West
et al.,, 1964.)

(West..1990) $-\5 JS.5
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1S o Jos B 59,8 BN i) 0 4y AB 4y & Fgpe D) g ail (oeyti o] slo Jpgll b g glusl g col
ol > o Jggl (950 slo w5 K9 0 4y 4B )3 (5680 3l Canlas s ol cul 1) el oSl ] )3 5, b
gl NS L) ol gt )8 ol o) sl o >y Al 4 bgije Llyd (03,5 (o0 4l 03,0 (gLaS 4 adlaie

S (oo d2lge j ey

Mechanics of blood flow in the three blood flow zones of the lung:
zone 1, no flow—alveolar air pressure (PALV) is greater than arterial
pressure; zene 2, intermittent flow—systolic arterial pressure rises
higher than alveolar air pressure, but diastolic arterial pressure falls
below alveolar air pressure: and zone 3, continuous flow—arterial
pressure and pulmonary capillary pressure (Ppc) remain greater than
alveolar air pressure at all times.

(West..1990)5—\V JS.5
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Alveolus . =0 Alveolar vessels
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- Alveolar and extra-alveolar vessels. The first are m=~
the capuiaries and are exposed to alveolar pressure. The secor- =
pulled open by the radial traction of the surrounding lung parencr,—:
and the effective pressure around them is therefore lower than 2/, = -
pressure. (Modified from Hughes et al., 1968.)
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Fiaura 517 Effect of lung volume on pulmonary vascular resistance
1 ansmural pressure of the capillaries is held constant. At low

. resistance is high because the extra-alveolar vessels
become narrow. At high volumes, the capillaries are stretched and their
caliber is reduced. (Data from a canine lobe preparation.)
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Effect of alterations of the ventilation-perfusion ratio on
the Pg, and Pgg, in a lung unit. V,/Q, ventilation-perfusion ratio. (From
West, 1985b.)
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:Pulmonary Volumes g, s oo
o o 0o+ = (TV) Tidal Volume (¢,l> clon o>

398 oo bu b dle 35k L g p3 3 &5 olge
= o Yeoo = (IRV) Inspiratory Reserve Volume e 033 o>

D9ei by )y (oole 3 Sy Jlam Gl o S s Sl
o o W+ = (ERV) Expiratory Reserve Volume .ol 033 pox>

D90 )5 o 4yl oole ol Sl am g o0 45T olgn ST >
o o Voo = (RV) Residual Volume ssiledl (slga oo

5 05 s eilagily pore o8 el 55 43 o3 e (oo B o ) 5 e p5l 3 31 o lgn oo
(VY JS8)cans 555 o]

__l________-__t____L_ .
- Lung volumes. Note that the functional residual capacity
and residual volume cannot be measured with the spirometer.
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: Pulmonary Capacities g, b cud,b

o o Y0+ += (IC) Inspiratory Capacity =TV + IRV > cus b -

o s YY++ = (FRC) Functional Residual Capacity = ERV + RV e sileidl b b -

o o ¥9oo =(VC) Vital Capacity = IRV + TV + ERV  jls cud )b -

o s OA-+ =(TLC) Total Lung Capacity = VC + RV 4, I cud b -
: (FVC) Forced Vital Capacity gy b Jbs cud b
e L a5 o plonl Wlg5 (0 oS (gteyuo 2SI b Bras (o33l (Bras p3 4 | A (e &S mtliB 0,5 5] doslix
35k e 4L a9l cawd 41, (FVC) Forced Expiratory Vital Capacity ¢, b p35b b Sle cud b aulys

VOF



““RefGrm
i ol (5598 99 pdpmiy Juad

NORMAL
Maximum
inspiration
40 e e
34 FEV,
2 FvC
= FEV,/FVC%
= 9 _ana
] =80%
?.; U i 1 L) 1 1 1 1 1
=] 0 1 2 3 4 5 6 7
c A
o
E -
(=3
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g AIRWAY OBSTRUCTION
g a
A I e
g 3
|
2- FEV/FVC% | FvC
1
O 1 ] ] T T ) 1 T
0 1 2 3 4 5 &6 7
B Seconds
Recordings during the forced vital capacity maneuver: A, in the
healthy person and B, in the person with airway obstruction. (The
“zero™ on the volume scale is equal to the residual volume.)
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=#izanon of the respiratory center.
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Chemosensitive

Inspiratory H™ + HCOq
area 1
H,CO,
002 + H20

Stimulation of the inspiratory area by signals from the chemosensiti::
area located bilaterally in the medulla, lying only a fraction of a
millimeter beneath the ventral medullary surface. Note also that hy-
drogen ions stimulate the chemosensitive area, whereas it is carbon
dioxide in the fluid that gives rise to most of the hydrogen ions.
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Composite diagram showing the interrelated effects of Pco,, Po,, and
pH on alveolar ventilation. (Drawn from data presented in Cunning-
ham DJC and Lloyd BB: The Regulation of Human Respiration.
Oxford: Blackwell Scientific Publications, 1963.)
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Primary Ciliary Dyskinesia
(Immetile Cilia Syndrome)
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Surfactant

The lungs remain partly inflated even after
exhalation because of a vital substance, known
as surfactant, secreted inside the alveoli. This
surfactant, which is composed mainly of special
lipids (fats), is produced by specialized cells.

Without Strong cohesive force
surfactant Force tending to
Each alveolus is collapse alveolar
lined with a watery wall

fluid. Because fluid
molecules cohere.
the alveolar walls
are pulled inwards
and may collapse.

Fluid
molecule
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allowing air to
move in and out.

Surfactant
molecule

Stable
alveolar

Reduced cohesive —
wall

force between
fluid molecules
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