5. RESPIRATORY PHYSIOLOGY

Marshall B. Dunning IIL, PA.D., M.s,

BATIC PULMONARY MECHANICS™

mary function of the lung?”
sthe pri” i
N m i P! evels of blood gases (i Oxygen and carbon dioxide) to meet m

e monary mechanics.
 petne S P propertes o the g (05, volume) that do ot
i efers © 0% i body (i not change acutely. Me-
sl e motions and foces acting on a body (i, the unginthis case. Ths,state
mmMufelsIuﬂtmmwﬂlcmsmngmmelungmcheuwaumw_
e
the various static lung volumes:
s S U0 e amount o it Lt ‘e exhaled slowly and'completly after
Vi o wspiin: The O measured in liters and expressed a body temperatre,
(ed (BTPS):
wred (BTES) . amoun ofsie that an e iald fromthe resing v
O sed nles t BTPS.
eV e amount o i that canbe infaled fromthe st
ressed  lersat BTPS.
s e ERY)th amount of i s an b exale o s
By vl xpressed s BTPS.
e the amountof i nhled or exbaled during normal quiescent breat-
gegressed in millers at BTPS.
+ Reddual volume (RV)—the B mount of air remaining in the lungs after  maximal expi-
asonexpressedin lters at BTPS:
e vesidual capacity (FRC)—the amount of
ey level expressd i lers t BTPS:
oty (TLC)—the amouat o i it lungs ot maximel inspiration ex-
pesedinliers a BTPS.

air in the Tungs at resting end-

Wit ismeant b the terms fung volummes or capacities .
Vi onaiing compastmentsof the lung that,although not visble 0n chestra-

not
MWm?emm by various techniques. Lung capacities are (w0 of more volumes

TLC = VC +RV

FRC = ERV +RV

s
m}mm andSTPD, .
ent
i enperaut,pessure, saturated with water vapor (suround
m.:bw, ,mml“"- and water vapor at that ambient temperature)- .
+stpp 47 mm w“:'vl’ip"o“urc.muuled with water vapor (37°C, curtent barometric
-~ Y pressure).
Ty, temy
Perature, pressure, dry (0°C, 760 mmHg, 0 mmHg water vapor Pres”

ling temper-
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s age, helght, sex, and ethnicity affect 1y, ‘
et
Wi eaingprocess, here el g e i
‘llﬂh-r:g{;n‘:n’rfm lung volumes and increase others, 8 tissue 1.,,;3\
et o RV increases with 2g¢ (about 1% per year).
o B eereases with age (sbout 0.5% per year).
.ncamuss(nbomoz%wyw)
 decreases with age-
- FRC has no significant chan;
u.’;:cmﬁm are directly elsed to the height of an individua), g
soen 2% crease er centimetr in lung volumes When comparing o ,%\
matched subjects- s

female compared against her male counterpart (i.e. same age ang
....;ms% Jess, owing 1o dlﬁ'mnus in thorax- |o-mn|,k rtos heighy) ""h
can-A
Differen —

be .Wm)umakly 10-15% oo thantheir white mnm again,
("‘;!mxs i thorax-to-trunk atio (i.c., longer legs, smaller trunk, and ‘W:rwmy E:"‘

7, How s the RY theasured?

the FRC: ° g e ERY gy
RV=FRC — ERV

8. Whatis the physiologic function of the FRCY,
Breammg urytuc, wlmees blood flow l'hmugh the pulmonary capillary bedis

i flow. Without the FRC actingaszbeks
for continued gas exchange during these apneic periods, this would, in effect, constitte o i
s would lead blood from the pulmonary capillrieeeg

rich in oxyg

H

gen tension.

9. What are i trappirig and
Enlargement of the air spaces distal to the terminal Immdnoles‘ as seen in the early stgsd
‘emphysema, is termed air trapping. With air trapping, there is an increase in mdﬂ":
C).
ther lung tssue and alveolar wall destruction as well as loss of elastic recoil realing 857
collapse and additional trapping and is now termed tion, With hyperinfaion
increases not only in RV and FRC but also in the total lung capacity

10. What is an obstructive ventilatory fmpairment?
The prol pairmes jan s 9%
kms-um or imy -t of airflow during expiration with coneor
‘and hyperinflatic

11. What s avestrietive ventilatory im e
The nabily o expand the Lung fuly, the hllmark of which is 8 eeT55
12. List examples of conditions that result in g restrictive ventilatory impalr™”
2 Lung resction
ic cage deformities. N
: sqmmu ( in of unknoW?
evenually, o sk n:'"‘ ‘ﬂﬂﬂry induration of the skin <
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" ”"
 pulmonary bt (intersitial g discase of kg,
sty horii
i O
oM it .
-’\‘":;:,:uwlddlpml"“"‘y . .
4 i
tory lmputrment, which of the luy
,,,m"“""m"“u Y lVllllImeeulmrIiIumM_
. capuclt N
1 e copaciies e proportionately decreased see fgurey,
e
LUNG VOLUMES/CAPACITIES
@ one [0 ve
N rre B RV
pisipofthe st lung YOlumeS and capacitis in normal, obstructive, and resrctive ventatory im-
s
1 ¥t deternines thE FRC?
e elaning forcesbetween the lung and thechest wll. The lung hes atendency to
s nward and the chest wall outward.

& Isthee  disadvantage to a small FRC® .
Toosmal of an FRC can cause wide fluctuations in the alveolar partial pressure of oxygen

dlexd 1o uneven distribution of ventilation.

1 Isthere a disadvantage to adarge FRC?
Alboogh,a rest, a large FRC may buffer against wide fluctuations in alveolar oxygen lev-
ikt t mresed it volumes (.. during exeeic). This is due (0 e A0S
“”"m';: aveolar gases with increasing minute volumes, which cannot be achieved if

n -

m’m"‘- produce pulmonary disability? I
By g PeFinlation indicates disease. it, in and of tself, does not produce: disability. bt
e g W amount of alveolar ventilation and g2s exchange, which can be BT
- perinlation as evidenced by an increase in their FRC:

"ty
eng ™ Be s 0 an incaas i the FRC resulling 18 hyperinfiation?
Pulmonary compliance
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o Expiratory airway obstruction
« Enlargement of the thorax

<tatic putmonary compliancé and élastances

19. l;::r;;:foxhry compliance s & measire of the elastiiy of
omimeerof wate (iem H,0). Ahigh compliance infers increag 78 O

BT hteas a low complance impliesa T um. Elastance 5 Wiy st

i hrefore exprssd 5 cenimeters of Wale pe e (o oo 2.

tance implies a high compliance or, in this case, an easily distensible ‘“'fs: )- Thyg, -1:,?“1‘

LY

AV
=

AP
B3V
AV = change in volume
AP = change in pressure
€, = compliance of the lung; normal value 0.2 Liem H,0
E, = clastance of the lung: normal value 5.0 cm H,0/L

2

20. How is
By measuring the change in transpulmonary pressure (alveolar pressure -

at the beginning and at the end of a change in lung volume. Because the ;,,mlmew,,,%

difficult 1o measure, intraesophageal pressure, which mimics intrapleura precpers PS8

via a intaesophageal balloon during & change in volume, which is measured by, is g

Pressure and volume are plotied against one another, and the slope of the volume . "

in Liem H,0 is the static compliance. R —

Obstruction
Normal

Restrictive

e
s

Volume (Liters)

0 s

Intracsophageal Pressure (cm H,0)

Stati pulmonary compliance curves of normal, obstructive, and resricive 58S

8 a static volume-pressure study showed an 8 ™ “ﬂ,‘"w ¢
‘8¢ during an inspiratory volume of 1.0 L. Determin®

and elastance,

2L A patient undergoj

rgoin
ageal pressure chang
monary compliance
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av __ 1oL O
€= 3p " FemH0 " O12lemb0

AP _ 8emH0
Be v oL =8emHon

normal 0.20 Liem H,0) and increased elay

od complince ¢ Mance (normal 5,0 cm

e S T (5., pmonry bross

are con
X 7
fLaplace. .
et ;",‘;w e th rlationshi i spher between s radius and srfce ep.
R s
ool B o
Ly

pesurs T= surface tension (dynes/cm); and R = radius (cm),
WP =
e of Laplace, I two alveollaresideby.side with radii o 75 and 150 m
2 “th?m "o 50 dynesicm, which alveoli will collapse into the other?
st _ %s%%’ﬂ = 13,333 dynes/em? or 10 mmHg or 14 cm H,0
p=g " 0l
. %’;ﬂ‘l = 6,666 dyneslem? or § mmHg or 7 cm H,0
1= 00001 cm)
1] }‘;3 pneslem? = | mmHg)
nntig - 13OmBO) e e )
e icado of Lplac’s equaion, i 1 apparen that th smalle alvelihave a.w
greaer collapse press
it possible thatulveali of varying sizes (i¢., diameters) can coexist without emp-
2 How sit poss
ybgitoone nothr, based on the law of Laplace?

are and will emply into the larger alveoli.

o surfactant, which has
et o any o lowersurface ension, but lso o lower surface tension (0.8 greater
el getsmale. Th surface tension of pure wateris about 72.dyneslcm, whereas
e surface tension of alveoli with surfactant is lowered to between 5 and 30 dynes/cm.

Bl Alveols 1 575 . in diameter with a surface tension of 15 dyneslcm.

Alolus 2is 150 p in diameter with a surface tension of 30 dyneslem.
o 25

s 1P = 2 % = 4000 dynes/cm? or 3 mmMg or 4 cm H,0
2T _ 230 dynes/cm)
R~ " 00iS0em

ifferent diameters can coexist because pulmonary surfactant lowers surface
edualizing collapse pressures among the alveoli,

Abveolus 2:

= 4000 dynes/cm? or 3 mmHg or 4 cm H,0

Thas,a
""“lhrg;d’dd

B e e

It gy * 7% ¥0rk on the same pressure-volume curve™

L0y g 1T 154 itrapleuralpressure gradint from the 0p 1 the bottom ow-

oy Y. 8ce fgre forexampic. Ths, during an imspiraton.although the

Oty 4‘4:' Ui s 1 the xame from the top to the bottom, more air is directed to-
s

8 they are on giffere directec 0
vy it part ofhe pressre-volume cure. This ivs s
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2
Yo grdientin cm O from e 10 0 the oo of 0 Uprigh g
::::f This ;Tiem ‘accounts for differences in regional ventils B inspiraioy """’d":":m:

DYNAMIC PULMONARY MECHANICS
26. Define dynamic pulmanary mechan

‘Those properties of the lung (e, low) that can Yy from moment to mome and .
chanical forces tha affect them,.

27. Describe laminar and turbulent air flow, N

in laminar orszcam.ined ow, althoughhe gir
oAz with hesides, it moves parale o the siden.
Tupt the air flow pattem, and ivis
laminar and turbul
For the most part,
flow patterns attl

‘moves faster in the center of the sy
In turbulent flow, ed

g ing pressure s required. Somewher tees
lentistransitonal flow, which has bt e and turbulent iow s

L air flow in the tracheobronchial tree is laminar; however, there are b

the bifurcation of the airways,

2. Whatis the difference bglweenmﬁl:mm nd: N st
Ventilation is a dynamio Process that involves contraction of the respiraiory msd it

?hn:bsequem ChATEES in the Size of he thorgy and movement of air through the airvays
alveol;.

Respiration, algo gy
gen) cither at the alveolar-capillary leve] oy g

2. Whatis the difference between hyperventilation and hypoventilation?

e
ilats e
Hyperventilation js ocilation in excess of metabolic nesgs and lesds 10 81 i
terial OXYgen tension (Pa0,), a g,

Mitant Increase j,

wior
amic process, involves 8as exchange (e.g., carbon dioxide

the tissue-cellular level.

. wib
the g, ECTeaSe in arterial carbon dioxide ‘"‘]““’“"(i?fnm .
o the anerial pig (ppry) Hypoventilation is ventilatior s
p’”‘”s“l: M TESUSin 2 decregga P40y, an increase in Paco,, with a concomit
“m.\lilnnm: P:
Hopovenilaon: 0% S 35 mmHg o > 7.45

Paco, > 45 mmHg  pHa < 7.35

[
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”

ilation or hypoventilation associated with

i hyperver abnormal p

. oo 50, b neur-normy

the pOSS

» "’,',',mes
prs®
Homones
Anxiety

Fercis®
in

ible causes ompe_rvenuhnw

(g progesterone)

may be N

ilation seen in ife
I V:;:‘,x,: man P pace with
i’
e possible causes of aypoventilation?
1. ome S o the centrel nervous system (¢
o DEPR ey muscle disease
o RSP deformities .
. f.im::‘“ espictve ventilatory impaiments
ving have more of an effect on dynamic rather than static pulmon:
i best sthy i

anesthesia, drugs, head trauma)

jeh of the follo e
WO, pumonary
imester of pregnancy, and thoracic cage deformities?

pechanics: €PN Gty third trimest

i morbid obesitys thi fi

i morbid O itis are all classified as obstructive airways discase because
amic mechanics) owing to loss of the structural

‘and as a consequence decrease in air flow. As

es in static pulmonary mechanics.

s in ainway flow s (dym
B irvay, decreae n airway Pateriy.
e sites worsem here e also be changt
1 Whydoindividuals with émphysema ténd to breathe slower with larger tidal volumes?
O nical work of breathing comprises an elastic component (lung tissue) and a non- »
Jar ventilation, emphysematous patients breathe

T To mait their alveol
component (airway)- "o maintain thei .
:?mu nsplm(ory ‘te to reduce air flow and hence the nonelastic (Row-resistive) component
of mechanical work (see figure). They, however, need to increase their tidal volume to maintain
omal aveolar ventilation..
' Total
“’ o~k
50
40 .
R .
Nonelastic

N
S

0 < Elastic

Mechanical Work (kg/min)
= o
s

°

5 10 15 20 25 30 35

,;3::“_" i Breaths/minute
iy "mnﬂ,@;”"‘;“"* on total mechanical work and consequenly the breath<minste The
"t curveare sl from th normals i prsons wit ilher 1 S0
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%
. between alveolar volume am alvéblar yey,
34, Whatis mc' ;m:‘e::)“::lume i the amount of fresh inspired air tha eache
Alveolar (¢ ;:s alveolar ventilation (V) is the amount that reacheg e .1; the ey
each breath, whe! N mﬂhhnﬁ
rence between the'tidal volume 3nd minute N

35, What s the diffe
“Tidal volume (V)
cycle whereas minute ventl

e amount of air that s either inspired or expireq
B (Vi the amountof aieither insp:;::'d:;;;:id te T,

e
Y, determined? Mg

* %ﬁ;gﬁ:&ﬂ.& o breathe quiescently through a mouthpicce/f
ose clip atached into: spirometer or at least 1 minute, during Which time g :""\hiy ",
vty e measue The VoS EETIned by g e vy 13
over the minute by the respiratory rate (i.e., frequency). The Vi is the tota] amouny gy "“}M
collected during the minute. i

37, Calculate the V, & a subject breathing with a respiratory rate of 12 ang b
Y e
Y

.5 L (or 500 mL)

i i equal N

‘The expired volume s normally a litte less than the previous inspired volume e T
carbon dioxide production is normaly a ltle less than oxygen consumption. Expireg lmm: 5
ume s about 60 L les than inspired minute volume because oxygen uptake by e Mﬁ:
greater than carbon dioxide output by the blood. s

39. What is the diiatomic dead space? . .

Anatomic dead space (ADS) refers to that portion of the breath that emains inth i
‘The ADS does not coniribute 10 gas exchange and is washed out on the next breath, Thisisdy
eferred to as wasted, ineffective, or useless ventilation and typically is equal t0 22 g |

i d h or

lean body y &
ADS as will hyperextension of the neck or hypoextension of the jaw.

40. What i alveolar dead spack?

as those alveoli receiving air in excess of their corresponding blood flow. (Note: There may
alveoli that are not receiving air with each breath, which, in effect, would also be contituiag®
the alveolar dead space; however, this volume is not included.)

41. Whatis physiol fand what is its clinical i physOR
Physiologic dead space is the ADS plus the alveolar dead space. Increases in I"‘:M,

e poor match-up of i -
tributes 10 poor gas exchange.

an
42. If a 30-year-old, 68-kg man has a V, of 500 mL and a breathing freq2™"
e , what is his V. and

£~ VX £= 500 mL X 14 = 7000 mL/min or 7.0 Limin

Vs V.= ADS) X = (500 mL — 150 mLy X 14 = 4900 mbJminor 4L
S (anatomic dead space) i equal 10 2.2 mL/kg of lean body weight

43, Define .
anspulmonay presure (7, i the pressre difference across he WOE

Peursl pressure). The et pressure difference determines Whelhs

"l
e *
min, e lune ™
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e ordflae I P i PO, theLungs e -
oy ":'x';.";my for the lungs to collapse. b
it "
" ne Tk 4t terms of the respiratory system. .
“ ﬁmxm work isthe product of the . ,
MechaE  penerally €xp iy e
mw"a“;‘;'f,,"c ot s and vohre s At s,l
. e e work, tissue resistance work, and airway resi v
s comp  resstance work e for
pt factors 7€ {mportant when considering the work of breathing?
o ectanical work work
o o e veolar venilaton e
A mpion by e rspciry musces

1t by the term cost of ventilation (COV)?
“ WW"‘:“’“;:':, o oxygen consumption used to drive the ventiltory muscles.

n of total oxygen consumption is used by the respiratory muscles?
bje t -5% of the

d Vin.
Gaerl) mcu?z " olumes of about 50 Limin. It has been estimated that at minute volumes
7 10 Linin (e, during severe excrcise). the COV can exceed 30% of the toal oxy-
et normal oxygen consumption is approximately 3.5 mL/min/kg of body

 orsbou 250 mLmin ina 70-k ‘Thus, the COV at rest i 07-0.17
12 mL/min in a 70-kg person.

est in patients with emphysema?
mphysema may be 4-10 times that of a normal. This in-
d work of the respiratory muscles to overcome the resis-

& sthe COV increased at ¢

Aures, the COV in patients with e
ameinthe COV i due to the increase
meetoaiflow seen in individuals with emphysema.

. Whenisalsealar pressuse equal to atmospheric pressurs?

Aendxpiration or end-inspiration, there is no air flow, and consequently the pressure.
st e, irways, and atmosphere is the same (i.¢., 760 mmHg or 1034 cm H,0 at sea
el (hoee: | mmHg = 1.36 cm H,0.)

2 Duing ¥, breathing, what forces determine direction of air flow?
on of the inspil Jarges th

s e thorax, l

Jolepe pheric pressure and as ir flows

8 expirtion,the inspiratory muscles relax, and the thora and lung recoil, increas-
pressure (sup: ic), causing outward air flow.

A Wity
i
g ummmlnal value for lung compliance and thoracic compliance?
o ance (C,) = 0.2 Liem H,0!”
“2¢ compliance (Cy) = 0.2 Licm H,0.

LTI
" ""’!"umm':;",‘,‘“““) compliance less than either of its components alone?
ety 'rh; 0.1 Liem H,0. As a single unit, the lungs have a tendency to pull
e s 1endency (o pull outward. As a esult, when acting logether 358
~. orce for a given volume change:
D IR R
G 07t 57 = 5y = gy reciprocal = 0.1 Liem H,0
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volume¥le, the FRC)
i i iined by the counterbalay

ing expiratory level is determined by t e of e
ol o e G e L,
the lung a resting end-expiratory level i g € Volupy, w.:

led lung hysteresis. )

Describe the phenomenon call

54 Hysteresis s  lag effect that occurs after the forces on a body are Changeq

(e change i transpolmonary pessure, th volume change depends on ey, ek
aj :aull ‘when inflating or deflating the lung in 500-mL increments, the j 005 vy

nspirat e,
Jimbs of the volume-pressure curves are not the same. ory ang,
55, 1f an emphysematous ung is more compliant than & normal lung, why dog,
Vidual have a more diffcult time breathing? o
‘ d lature to ove i
Work of g (v although less work i ."“:M“
plsnt ung morewark i eqired during the subsequent defatio (. the g "%
ible during inspiration but ‘much (ic., the| ey

in  grater diving resure). Therelore, henet et 1 an ncess n e ey 2 e
Individuals with emphysema have an casier time getting ai into the lung as e "%
normal; however, they have a much greater difficulty exhaling the air such the; they M"’ e
creas n their workof breathing, which i manifsted as shortness of breath (g
56. Distinguish 3 irway, and tissu

Airway resistance i the impedance of ar flow through the tracheal bronci e s,
sultof the friction of gas molecules:
change in pressure

change in flow

Airway resistance =

R % normal range: 0.6 to 2.4 cm H,0/LJs

Larger airways (> 2-mm inside diameter) account for about 80% and smller airways (< 12
inside diameter) about 20% of total airway resistance. .

‘Tissue resistance is the impedance to overcome the viscous forces within the lusg e
chyma as they move during inspiration and expiration.

Pulmonary resistance is equal to the sum of airway and tissue resistance and i soci%
called total resistance. Tis prises about 20% and airway resis
of total pulmonary resistance. N

. y " soir
strictive.ventlatory impairments.

TC R
o
e varions 9% ot
Airway resistance (R,,) curves & ¥eC w.,,,,sﬂ‘

' for normal, obstructive ventlstory Infe

VI and restricive veatiliory impei™<™
v Vi~ Norai

I
R (o0 )
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i i 0
ping conribute signiicantly to toat gy
pw”‘,,'fw-;ys {abave the laryns)cua contribute o s tance?
8 g P comrbit® 25 miich s S0% of upper airway m;ﬂ_q: ol
™ " tance highest at ol s
e e highest at low lung volumes (i, ap
A e, aor ment TLO)? OF Bear RY) and g,
g,‘ i 198 once of arv2Y resistance is a result f two factors: :
va!:]"" Jar vl tension
vl L on the airways. Also,there i
‘A‘IO"_’ m,,mnl) effect 0, is less stretch -
P, e of Ve retch eceptors with a subsequent e s ey
- o e o o s ue leadingloa e degre vy st A
o jonis Tve.
:ﬂ%ﬂfy o ducton n Ar¥2Y resistance. patency (diluion)
=

s " )‘“{h reciprocal of sirway resist

. G s e esitanee (R,) and i :

0 WL ugtance Oow o1 linear to lung volume, is between s oot n
67 Lisem

ml;“‘g_ " normal G

o, why I air flow tucbulent in the trachea and )
4. DurinE "‘,,'ﬁ;p:.r.‘v‘:n.:um maller diameters? not the terminal
e P s o temindl " onchioles are much smaller than the rachea, ess than
ot € B0 umber o airsays Ny dramatically, and as a resul the cross-

e 0% onsequently the ir is divided up among thousands of airways, ve-

S e laminar. As ¢ maltroffc. i low s almost never tr-
g, whereas i wrbuent inthe larger aivays e, > 2

i
s i effect?
& W“‘;};..T;.EZ,"Z“"L seen a5 passes N0 IrFAYS of smaller diameter with a concomitant
W,K i selocity O WheR air passes through a larger total crss-sectional area with a decrease in
slcity. Thos, during exhalation, as aif MOVES Trom many smaller airways with a combined
qummms-mmﬂd area toward fewer Jarger airways with
e isanncrese 0 velocld (ic.,air fiow). Conversely,
iy owed smale ar2YS ‘with a concomitant pressure
o

acombined smaller cross-sectional
during inhalation, it moves from
drop and deceleration of air

1 a given lung unit, Uneven distibution
crease (long) in the time constant. Ths.
time constant and is consistent

@ Wi time constant?

At constant = compli
fenisionina ung unit can be accoun
iexing compliance or resistance of
i ralfisribuion of air to that unit.

jance X resistance withit
ted for by an in
lung unit yields a long

umeven venilation soch
there may still be flow
ants (compliance X

. Define pendelluf.

Tmﬂ is a phenomenon that occurs in the
e mion athough there is no air flow at the ‘mouth,
oy s el i n lung units tha have fong ime const

gas moves from one unit to an adjoining unit.

i lung when there 5

& banyy,
Ao x:m‘f' whatlimis exercise the heart or the lungs?
val, rained o unirained, reaches maximal predicied heart ratc long before
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102

- minute ventilation 6-8 Limin can i
ity (resting minV i i CTeage
vere exer
f:r,‘,'f‘.mal capacity: (]
foustr ral pressures ‘within the thorax?
the varl st
66, Whatare
Airway: — bronchial pressure  pleural (intraple,
l pressur® e
irway transm Pressy
Po=Po— Po

jImonary? ]
s  pressure = SVEOIBE PIESSUTE — PIeura pres '

Lung transimu
P=Py—Py i
Chest wall: .
Chest wal transmural pressure = pleural pressure — atmospheric presgy
Transthoracic:
Tnorcictransmural pressure = alveolar pressure — atmospheric presaus

Picrsic = Pa = Pum

67, A decrease inforced expiratory flo® is consistent with an underlying obstructon ¢
emphysema), What imits air flow during a forced expiratory maneuer assuning mu

effort? .

intrathoraci 106
ing lovels, These high intrthoracic pressures place the airway under considersble rsur. a4
fth airway i intact it remains patent. If, however, there has been loss of structurl negiyie

cause of a disease process, the airway undergoes dynamic compression reducing is calieal

expiration trapping air distal o the point of airway collapse, resulting in not only a sever s
tion inair flow, but lso an apparent loss of volume.

FGAS EXCHANGE

68. Whatis the percent of exygen at sea level and at 18,000 feet (5486 m)?
Sealevel:  21% (20.93%)

18000 Feet:  21%
69. Ifth ot
we becore
ofbreath o igh ey 18,000 feet, why do

&
ey outh he concenration of axygen i the same at both sea level and 18000 < o
panial pressure are responsible for hypoxemia at higher alttudes.
Po, = Fo, X Py

Pressure of oxygen in mmHg or torr (1 torr = 1 mmHg)
onal concentration of oxygen; 0.2093

PO, = part
o=
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surc; 760 torr at sea level and 34
30 torrat 13
00 feet

m P M""’ :]tvl\l
™ 79t
e F.|c hwm mg at se level where m Po, ,, e
“,‘,mr oy ach Tower and i some casc lsstan anorm 9 torr Mrnu.,h,w
ot wie normal Pag,, el
o
positior nspired
oS "
:d- salt atsen
AMBIENT AIR (DRY)
L . ertional | Partal Prowurs
0.7810 593.5 5
- ny o 1591 sues %3
o 0 o3 02 2 1000
Opnedot o5 0.0095 72 67 w0
0 000 00 70 67
T - 000 4170
5 heliom)-
Do

rne et Bypoemieund '

" ;’“‘”" elow gl e ygen cnsion whereas ypoxi s ¢ st f s
. B T necssarly mply ypovi and v vers

nms et aifeence et (ternal, Internal, and cellular rs'plr:ﬂon
ration involve [t exchange of gases (oxygen an

mm: s hepulmopary circlaion &t the level of the llveolnr/umlluy men-

,uplrllhn mvolves lhz exchange of oxygen and carbon dioxide between the

;,m icul

p e land its mi-
st be used as an OXIdiZiTG 36°N rasuliing in the production of high-encrgy
‘bonds.

7 Wintsa shont?”
T o e s ofshois:venous-to-artrial (V- . A) and arterial-to-venous (A-V)
Ay bload bypasses ventilated egions of the Jung and is dumped beck ino he
s s, erehy lowerin the oxygen level:
i di venous system (¢ ial-septal de-

+lan AV shunt,

fetp
" :;‘u"- sermalshun fraction?
ey 254 o the candsc oupu s shunted through the pulmonary circulation via
Jation.

| ey
| an.,\h}“““"l-ﬂw
| e e heteen he rcral oxygen conient 41 venous oxygen €omen
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. oun o 8yEen EUSte, Th corml g,
i e an verag (hat bt S0 L. of oxyg is exm.c,::‘;:‘}: 454,
‘;ﬂi g through the tissues. Ry,

. Uy
/6. What are the causes of hypoxemia? %
! Hypoventilation
Gas diffusion defects
Imonary shunts
sjenulalion/perf\lslun ‘mismatching
High alitude

tion (V0,) of a
the normal oxygen consump! person atn,
™ va':r‘n:mmly 3.5 mLimin/kg body weight. Thus, 2 70, sty

kg person
mLmin (3.5 mLimin X 70 kg) at rest Vo,

ioxide production (Vco,

‘What s the normal carbon di < persn
7. Approxinately 30 mL/min’ke body weight Thus, 70-kg pepre” —t e
‘mLmin (3.0 miJmin X 70 kg) atrest. e

g,
i d the respira
. What is the difference between RQ an d XY exchan,
. The RQ s the ratio between carbon dioxide production and oy zef.'::,,““ [
atthecellula level, whereas the RER i the ratio of carbon dionic UL g gy N,
curring in the lung. In steady state, the RQ and RER are equal, ety N

80. Given a V0, of 300 mL/min and a VC0, of 250 mL/min, determine theRg,

Vo, . .
RQ=— &
= Vo,

250 mL/min _
R = S imin = 083

81. During transient hyperventilation,

‘The RER is determined by measuri
lung. Ifan individual i transiently hy,
from the lung, and as  result the RE:
lular metabolism; thercfore, carbor
s no change in the RQ.

why does the RER increase
ing oxygen uptake and carbon
perventilating, there is an increase in carbo, dioideony
R increases. Transient hyperventilaion doss sy,
n dioxide production does not change, and subsequety e

and not the Ry
dioxide oupa g

82. What happens to the RER when an individual transiently hypoventilates?
During transient hypoventilation, there is a decrease. in carbon dioxide output atthe éd
the lung, and a5 a resuit the RER decreases,

83. Whati the difference between P,0, and Pao;?

* P10y i the partil pressure of alvepjar oxygen expressed in mmHg of tor. The sl
value i about 100 mmHg or tory,
* Pao, is the

arterial in mmHg ortor. The o
valug is > 80 mmig or orp. *

84. What s diffusion?

it - o
. Diffusion is a procegs Whereby a gas moves from an area of higher conce ’“m‘““mw*
oFlower concentration acrogg 5 semipermeable membrane. In the lung, diffsi
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4 carbon dioxide between th al °
a alveoli
ey and the
nﬂ"vm"" :iwuve adients cross e aveolar-cupllry membrner MY Sl g
theif
i f oxygen frox
way for difusion of oxygen from the i

ot the potI™)  capillary membrane, an oxygen moﬂ'ﬁ e
& Jar cell, basement membrane, and =ndolh:l|:,'n" in
i in

c'mhllmd cell,
% through

Jveol
Mg he
U‘V‘:;m pe LaVEY
el i biood el
into’

Hemoglobin

Red Blood Cell

Plasma

02
Endothelium

Basement Membrane
Epithelivm

Alveolar Gas

ayfodiffusion o %

e deon

% How thick i the diffusion pathway (ie., from the alveolar surface to the surface of the

dbhodcell?
Aout0.-03 (1 p = 0.003 mm)-

9. Wt fcors increase the pathway for diffusion?

« Inr-alveolar edema.

« Thickening of the alveolar wall

* lnterstitial edema

* Thickeoed capillary endothelium

+ bcased intracapilary path (capillary dilation)

ol s he surfuce areafor diffusion i the lung?

@ of one e in the lung is approximatel 70-90 m?, about the

o e of e plying suface of a tenns court (singles cout is 189 2, doubles court is
W“:"'ﬂm be skin has a surface area of about 1.5-2.0 m?, and as such the lung has

g0 e environmental organ because it has a suface 412 some 40 times Jarger

L) Wi
fatory, brane’
[y Mﬂumu“m e the rate of gas transfer across the alveolarcapillary me? i
of the gas between the alveoli and the blood
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availible

. ;ncrf“" o ickness

7 Soubily o;""ﬁ‘c?:l

, piffusion in the pulmonary capillary bed?

is the transit cells move through the pulmonary ¢,
Howlong 5 11® i, red Dood (6 o of oxygen and carbon digyiy @Y
ting €O n equilibration of XY N dioxige 1 M,

o st 417 e
T 025 500 N
o ] pressures of OXygen and carbon dioxide iy the

natare b ormal partial P e
o. A

? ein

ery and vein’ Ppulmonary V
R e |

Po,=0mu R dommie

Pco, = 47 i
92 M'.';:J.‘.‘.‘:?gu o millites) that must be dissolved in 100 mLofa it

The: e
il prssire by 107
93, What e the: solubility coefficients for the major alveolar gases?

0,= 0024
0,057
012
i h an for oxygen,

bt librati these two gases the same? hi

'of carbon dioxide is much greater than for oxygen, s lager

™ Alhough he soluilty
poues and the net effect i nearly the same equilibration.

sion coefficient offsets this,

95, What s the difference between diffusion limited and perfusion limited?
Ina iffosion-limited gas exchange situation, the alveolar gas is still equilibrating wide
blood cell at the end of its transit time. In a perfusion-limited gas exchange situation. e o
cel has reached equilibration with alveolar gas during its transit time. Carbon monoxide e
difusi and carbon dioxide i

e e i

Incontrast to the sitoation i the lung in which both oxygen and carbon dioxide reachek
ibration during the transit time (i.e., perfusion limited), in the systemic capillaries, a longer @
sit time sees greater oxygen extraction and greater carbon dioxide unloading. Therefor. ik

wygen and carbon dioxide are diffusion limited.

97. Describe Fick’s law as it applies t i )
e ks pplies to the diffusion of gases across the alv
” r::t slllw stles that the diffusion of a gas (e.g., oxygen or carbon dioxide) acss 165
g d:[;::;—:;;;-:}:y membrane) i proportional to the surface area of the SV FUy
icknes o g 82 0 ither side of the membrane but inversely P

Dy =AXD/T x [ 3}

Dy = diffusion of a gag

A= surface area o the membrane (cm?)
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» o tho membrune 107
et e e e el o s solubility ang oy
in) olect
,,.mﬂsf"" ) e grdientof e 35 btween he two s ular weighy) (et
X * (kg
angs o transpartFas I dependent
onR" enilation and perfusion, and m:;,,‘,':;::;v Primary factors?
iffusing g
paciy.,

P e ity it “,.m
mnz!!lwus in the snm.lm, or s
upine
mth up from the top of the lung to the gx beum of differ-
,,d n lhe vertical (standing position) lung as comy u;:m the mismaich.
g, This. 0 assuming the supine position, gas “‘hlflgeb: the horizontal
omes more ho-

e ,.mn hor
n—“"h:., e

et
it ""’”ﬂ sition) l"
Wil

‘. mﬂ'hllwﬂl
10 than o

— ance is greater than from side-to-side, whi
d:mb on of venulnlmn and perfusion as a result of the g'::::'"b" s Jomore
et ms i fonal pull on the.

[ i dmancex

. w el ow and S ieolar venilaton.
clinical significancs & 10 i DoyJ?
1 O eomobjective ndex (r it e match-up of alveolar venti
(,\_nlm’ . Typically the (A= 2)Do, should be less than about 10 m...uve;" ionand
(Pi,0) 8t body temperature and at the boiling point?
e .‘,.lpmm (WCJ 47 mmbg
oing ot (100 70mmite

 the rate of gas diffusion can, increaseby a factor of three.
Whatfactors can xto!lnl for this marked increase? “
»lucse o e nunber of functional alveolar/capillary Uit
o eimventlationperfusion rati (.., a beter match-up of ventilation and perfusion)
afbveolarcapillary units

LPULMONARV CcIrcuLATION'

hence an increase in surface

L Whﬂdmﬂt'imlrydn‘uhﬂmfsuﬂ and ene

Wi oo those blood vﬁsel! (amnﬁ, capillaries, and veins)

i mm the ight side of the heart (right the lungs and then re-

enios, wnr(he heart (left atrium). The pulmonary circulation begins at ihe pulmonic
junction o the pulmonary veins with the left

atrium,

1 Decrie the shree-compartment
modet of the lung as I elate to ventilation and er”

Pin,
The tre.
hm <ompartment model describes i Jar/capillary) and
aonperusion (V,/) r:l.nnm\m;\lw types of lung units (alveolar/capillary)
Jttle to no ventilation ‘ut normal

Opartment |
“ﬂﬂmm ,QI '(',“""'/tir*dluy units receiving i
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Compartment 2—ahveoapilacy s eceiving normg)
. norm,

Nty
Q= 0.1 10 10 ) -
flow: v"',?,.\..u Iveolur/capillary units receiving normg ng
o Compart infinity Ve \
blow flows Vo .
06, Whata character
1 re

erfusi ents 1,5
 model of ventilation/perfusion?
mm::.l::l::‘" extimated thit 90% of pulmonary capillary blood fioy i e ““"’m\
e th renining 10% i split between compurtments 1 and 3, ugh o
: ey

g Nungre
). Describe West’ 's sones of the’
107. .D;:. 1is found at the top or apical ares of the lung, a region here
ceeds pulmonary arterial and venous pressures: alveoyy, .
n
o

P,>P,>P,

+ Zone 2is found midway in the lung, a region where pulmon, )

than lveolar pressure owing (0 the hydrostatic effect: Y arterial preg, N
P,>P,>P,

« Zone 3s found near the bottom or bsilar area of the lung, & region e
anerialand venous pressures exceed alYCOIAr PIESSUTE wing 10 icregpe, i,
capillris, which subscquently compresses the alveoli: Pty g2

P,>P,>P,

Zonel By>Paspy

; - .
A Zone2 Pa >R >Ry
.

Zone3 Pa>PV R

The alveolar (P, ), arerial (P,), and venous (P,) adients in the upright lung |..m|,m':
e b nous (P, ssure gradients in the ug
:,,M b::w: 2082 itrmitn: blood lows i sone 3, comtinuous blood flow trosgh e 7

108. Wh ‘
o n-«:. the normal ventilation/perfusion r:(lo in lm‘lllh‘y !um:: e
fusion, there are,

i
v ratio of 1. naf el
in fact, widely different ratios throughout the lung. This i

o

4
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_ radient from the 10P of the lung to th
son 81001 ects of gravity on roracle oom of th lung
"’"I.lry‘ butalso there are. di"”“miom!:m" Notonly d"::;mm
. o
o Theor® cally lbcver:]nhlmn/perfusxcnmimc,:i'::;ovu..dW el v
e ever, the TEC s fm% .1 t0 10. Approsimately gy o0 o o
s 1 ich b aton/pefusion rtos of about 1.0, the Pulmonisy bloog
10 ‘uﬂw of0.1 1010 and 1,010 10.0 equally. femaining 10% is gj.
i

B
e Lo Llsionshi? ot ventilation and perfusiomof an upright ung,
§ho*

i

Vifd
5.

Seionsipofventation (V) and perfusion (Q) from the top (o the bottom’ of an upright lung.

1 Does oell you anything about 35 exchange?

e aioerusionatio describes the elai ip ilation and blood flow
e g bt provides o diret indication as (0 e gas exchange charactersics crossthe
ok capiliry membrane.

11 Describe the ventilation/perfusionrelationships
wsanaioof 8,

et ool 06 implies poorly ventila :
vtlinn ';W arterial oxygen tension. A high ventilation/perfusion ratio of 8.0 implies over-
g g 00100 fow and as a result normal arterial oxygen tension. Overventila-
iy " idocs ot make up for underventilated alveoli, and a ventilation/perfusion mismatch

ofa ventilation/perfusion ratio of 0.6

ted alveoli in relation to blood flow

us if the oxygen tension

12 Wity
el otasingleal
R m’lk“”‘“ oxygen tension? "

LY alveolar. dlyunllwouldbenppmchlnglem(zfg in obstruction

o mucspig).
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113, Under wht circumstances would mbxed venous axyge,

n tension? . . ]
"‘YE:! the vcnull(im/pafllslm. ratio approaches is
spied PO, (c.5. in hyperveniltion).

114, What sextrapuimonary shanting®

‘Virtally al of the blood passes through the pulmonary cirey 1o
gas exchange. There are, however, several potential ites whe,
cicolaon, nd 25 consequence n:;xed v:m.;:m dumps o
Ulkimatly,exirapulmonary shurts dump desaturated venous bloog . 3
ton downsieam from the alveol (arteralized blood), rducing e ,,,:’:'::\\
of the systemic arterial blood. Yeen SN

115, List examples of estrapuimosary shating:
o Patent ductus arteriosus.
o Aurial septal defect
© Thebesian venous blood flow
« Portion of the bronchial venous blood

116. What is'intrapulmonary shunting3:
pulmonary capillary bl N
ized pulmonary blood, yielding an overall lower oxygen tension,. ""‘N-m-q,.,,‘_“

ur.

untingd

A capllary shunt occurs when pulmonary blood does no come i

alveolus (e.g., atelectasis or consolidated pneumonia). Contact wity vy
A venous admisture occurs when pulmonasy blood comes in contact o

is underventilated. VIt 20 ey g

18, shunts refractory to oxvgen

the increase is generally ot marked. This is due to the fact that although ,l"“"‘ ORYEcheniy,

is ncreaed, f pulmonary blood flow bypasses those alveali, gos o JA";:;‘E;L:

119. I supplemental oxygen of benefit in treating ventilation/perfusion mismatcing!
In 0 . the pulmonary blood d
ol and a such f alveolar oxygen is improved, so also are arterial oxygen tensions

120, What s the difference between pulmonary and bronchial circulations®™

The pulmonary circolation includes arteries, capillaries, and veins that futon s
change between the blood and the environment via the alveolar-capillary membrane. Pma
arteries are carrying mixed venous blood from the right side of the heart to the pulmsny 8
laries where gas exchange takes place. The ‘pulmonary veins carry arterialized biood bt &
Jeftsideof the heart to be pumped out nto the systemie circolation.

the lung (s

and removes. c(aonn dioxide. In contrast to the pulmonary arteries and veins, bronchisl e

€48 arerialized blood, and bronchial veins are carrying deoxygenated bood i

12% ;?\:‘: the entire cardiac output traverses the pulmonary circulation, WheresS
cardiac output is directed through the bronchial circulation.

121."\:!“( s abronchoputmonary artertat anastomosis”
Vet vaseular connection between a pulmonary artery and a bronchisl 1% J
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P perfusion.
som ol are well perfused, giving ise 3 low venig
Ty ventlsed 8 fusion occurs. The pulmarary cap entlaton/pefus
[ ,dlﬂ":'"";,d omewhat hypercapnic and wbsequ?..’ﬁﬂ"m'.f:"“ s i
%'::l o i lowering of anerel oxygen csion il arerializeg
4 oot
admixture:
. ilated alveoli, 2
Y o bypasses ventilated lveoli a true venous admixture occurs,
w,f,nww"“ﬁm Lo ot plmonary blood fow i mixd ety i eized oy
Tong: ;ﬂ in gas exchang®:
v""ﬂ Mi.ﬂ,mnmmmimnmmﬂmmwﬂmqupa.
jume of thepulmonarycirclation i approrimatly 00

indel
o 1 blood vol
ime, e 021 onary capillaries.

ﬂmsg)gﬁ}mixinmw .
o o resisanceand what s 3 norml value?
lﬁma‘s mbmdﬂnwmﬂlvy c bed.A valueis 1.5 mmHg/L
e s vigh-compliance, low-rsisance ‘vascular bed that contributes to
i {emic circulation.

pe 7 com to the S
v M,;‘mm,ummmmm
he 2518 mmHg (mean 15 mmHe)

P Y%
e avalble g edice pulmonary vasculat resistance shen pul-

‘x@l‘ increases-
sy e P e th addition of ¢ u illaries o
. mwm""m ot he vscla b, s g the burden ofincreased pressure
of the system- o P
B m’; mlvfe o ncrese incapilary caliber primaily via change in their shape
e faened 103 el HaPE- )

e meolar oxygen ension s reduced (<70 mmHg), there is active vascular smooth
oo pulmonary blood vesscl. This shifis lood flow away from

toareas) of

ety oo but appears to be  local efect meditcd by the alveolar epithe-

Gl The hypoxic vasoconstricion scen in the 1ungs is Lnigue, in that systemic hypoxia re-

ssinvsodilation. .

bt :ﬁlbmnmm pressure at the pulmonary capillary ‘membrane?

e of e edin tocause movement of lid outward s approximately +29
forces tendin jon of fluid is approximately 28

iy o g o app: y

4 Ths, e et mean fitraton pressure s +1 g, which leads 0.2 continuous flow

i into the i i

mmHg

——
foree )
iy,
o 4
+14

e collg
osmotic pressure
(Table coninued on following pO8e)



Respiratory Physiology ‘
12

(cont)
il fluid pressure

dforees (
‘Negaive inesi

o force
e s
Total
Net force

30, Whatbappens o the i that  contnuallyleaking rom g,
130. capillary P Py the pulmy o
and retumed o the systemic circulation. (Lymph mm““'“"&lﬁmﬂy‘(mnﬂm
131. State Starling's equation fogtransvascular fluid ‘movement,

Flux = KBy -P) -1C, - ¢)
fow (mLimin) . ) ;
capillary fitration coefficient (/resistance)

P, = intravascular hydrostatic pressure
P, = interstitial hydrostatic puswr; -

;= efction coefficent (permeability of the membrape
© oncolic pressure, averages about 0.75) FPTENE O the proteng g
. = invavascularcolloid osmotic pressure
" = interstitial colloid osmotic pressure

oo

132 Whatis the significance of negative flux and positive fux3®

Fiom Saling’s equation it becomes apparent that P, and b, are eng:
o e capilay, and C, 0 C, aretencin t0 pull s s g ;‘,,,.1|:f"{'h‘"‘;’ o
indicte id reabsorption, and  positive flux indicates fllg ‘movement moy'm%u, g

133. Whatisthe pulmonary edema safety factor
Because the net filtration Ppressure is positive in the pulmonary cj it i
dency for fluid accumulation in the pulmonary interstitium as. \::l.ly Is“tﬂl:eh[‘:::.n"h':tf;m‘
edema. ::;:‘:.mn: :\:dgpulmomry Iymphatics, there is a. pulmonary edema safety n::;
gards orementioned. Ths safey factor requires e onary
pulmg
71028 'y edema would occur. Sl

134. Whatis the difference.
ity pulmonary edema?

in E::‘;mmw edema, thereis anincease in capilary pernesliy o
lary endothefury by chemical, ;':::wl;m; C:nmoecm 252 result of damage 0B
:me." drive gy e P8Yinthe contro of circulation?

N:’;: i e gy n:..fm I“:-'n" Causes relaxation of sl socs ok
T ity e SR g e
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3
of the lung and p
b;’,cnlﬂmn isinvolved Wi U0 a0 ngy gy
",owy converted to angiotensin I by angioy many
1’Lff‘ [ .nsID""S;c Pq]mun ary circulation. Angiotensin-conyerns -8 m,,,:‘”“
,,yﬂl’“ lary endothelialcells. Ang;m;,mmnzlym is foundon g
f“’ m,,,,,,my,mmmtm bstances (g, "’";“'mumh,,
| ing can also secrete immunoglobulins (e, ‘“m“‘““) e inacivaeg

df'ﬂ o mﬂmmuﬂ‘ fect pulmonary vascular resistance?,
”rml mRV 0 TLC, ﬂmmcfnngesmbomalvmlnmm

. B istance i
M;"M...:).T!";z‘ ressure changes, whereas lhe resisanceof i
ases. Imonary v e in-
g‘:’;wv‘” e e volume inth g s Pogressivelyincaed
Lo . .
o

Total

Intra-alveolar

Extra-alveolar

Pulmonary Vascular Resistance

FRC i  TLC

RV .
olmony vascla esisanoe at difeatung voumes.

Changes

nulhlnssum._
lll'umlhwlnlmmlkolpnlmn:ryv yras

+ Stimulation of the B-
et ympahetc erve acivty resuts i pulmonary vasculture constiction.
(GAS TRANSPORT IN BLOOD

4r¢0,20d CO; earried in
vee) umdmnhtblwdenberdxsmlved ©0003ml O{mn?o,)m‘bmmdmhﬂmgb
mlﬂ#glm
f caried inthree ways
Ihmmuuml/l(x)mlo{blmd) .
vt 'm:m.. 10%), which 1 combinati
"SMPSufblmd ins (c.g., hemoglobin)
Moty ood prteins (¢ e

0 iy
e, -m ""--‘ earbonic anhydrase?” .
ell nd on the vascular endothelial surface of the lung. carbonic anhydrase
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B in the CO, hydration wnon rhx!_ converts CO, ¢
(A i e iwbonae ons. i g 3 0%
wn@ﬂ:”;’l cadine output to ensure adequate CO, exchunge, Wouly '“:,m
jcant if

CA
€0, + H0 & HCO; & HY + HCo,-
Deserll Bohr and Haldane effects.

141. e ua:: .I:a St tha ncroasing PCO; Teduces the affiny o

thus faciltating the release of oxygen. The Bohr effect aids in the "“londin;:}"“hin o

atthe level of the tisSUES- o O‘f'w,,:"\

ilitating t Uses alefy,
hus facilitating the uptake of CO,. The Haldane ard gy

e at he level of the tissues as the blood gives up 02:;{:& :"_‘lbx i {:&‘\

s, Syt

TheF
dissociatiof
€O, into the bl
142. Define respiratory and metabolic acidosis gnd.alkalosis in tery,, ]

Faregy,
gases. “~

s
ACIDOS! Ao .

Respirstory Increased Paco, :
W—’_—%
lormal Pac0; o
3
Decreased pHa b T
Decreased bicarbonate eased pH

Increased b

iratory acidosis and alkalosis are caused by hypoventiltion and hypeny
spectvely. Metabolic acidosis is caused either by the loss of bicarbonate ions (s ey,
an increase in acidload in the blood (¢.g., ketoacids in uncontrolled type | gm0
Metabolic alkalosis is caused by either an excess in bicarbonate (e.g., excessive mm
orloss of acid (¢.g. severe and prolonged vomiting). oty

. Describe the relationship between Paco, and pHar
‘The relationship between the arterial CO, and pH can be described by a derivaionci
'Henderson-Hasselbalch equation. HCo,]
- P I 3
PHa = pk + log s X Paco,
pk = pH value at which the solute is S0% dissociated (6.1)
s = solubility coefficient (0.0301)

‘The ratio of the bicarbonate ion to CO, determines the pHa. If the Paco, increases, beatr
pHa decreases and, conversely, if the Pac0, decreases, then the pHa increases. Staring vt
normal Paco, of 40 mmHg, for every 20 mmHg increase, the pHa will decrease by 0.10, 4
every the pHa will i .10, Thus, there is an i cstp
tween Paco, and pHa.

143,

144. How much exygen can hemoglobi carry?
Each molecule of hemoglobin can bind four oxygen stoms. Thus,esch gramf hen¥™*
can camy 1.39 mL of oxygen (1 mmol of hemoglobin can carry 14 mmol of 0xyget-
1mmol of hemoglobin = 64.5 g
Immol of 0, = 22.4 mL

4XR4mlimmol 0 _ 896 mUmmol _ | 104 11 0 /gram ol
64.5g of Hb 64.5g Hb b

“Typically, 134 is used because 1.39 represcnts cheically pore hemogie®™
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bon mosoxide poisoning, which resueq iy
oy e esed with an anemis,bad anﬂnnuahlnu;:;:! po
S Ot 3 more it s ::,
o _,1! h nf d obin available or OxYgen ansporis n meq reduced by
. e D8I g poisoning. o Bl of o' gt s
A e e therhyreduin sl g o °

s ide (ol et = 1.34 (hemoglobin X Sa0;) + (Pa0, X 0.003)
en

* content = 1.34(14 g/dL X 50%) + (80 mmHg X 0.003)
0 g 024 = 9.62mL/100 mL of blood

ks hemogo?

“Wifbm 013 ':ﬁ;:sx 10090,
,wn sggwm_»foz« = 9.62 mL/100 mL of blood
°1 "mm uced to the s Johnisi
B P"""m“m,z‘“;nfv"
0. 5""““ o mc;:::nlu inless availablityof oxygento the

Jobin i reduced by one-halfof normal,if we assume a nor-
ygen content is reduced t thesame level s John's:

saturation) + (80 mmHg X 0.003)

ety 1T o sho' A boxymyoglobin may produce a funcionaly hypoxic

o B "";;s:dfsp,u oygen delvery a thecapllaylvel.Inhibiion of

‘mum of the mm::':o Fonoxide may interfere with ransport of adenosine triphos-
s CO c ax WYI ral membrane according (0 ecent studies.

e jal pressure of carbon monoxidedPco) and oxygen (P0,) is hemoglobin

what p-"' P'

a1 hemoglobin o I

peoof | mmﬂg (0.14%) ‘
(> 21%) saturates hemoglobin (0 100% (oxyhemoglobin).

poyof > 150 mmHg

00

aQ
S

0,

oglobin Saturation (%)

75 150
Partial Prossure (mmHg)
The . Jobi
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148 What are the mechanisms that control breathing?
 Neural medullary and ponine centers
+ Central and peripheral chemosensors

Lung receptors
o Respiratory muscles

149, | stic
ters?

“The medallary center (located in the rticular formation of the medulla)is respoasix
the coarse conrol of reathing. It has been divided into two anatomically discret arss AS®
sal respiratory group of neurons located within the nucleus of the tractus solitarius m_ssm:
withinspration, and a veniral rspiratory group of neurons located in the nucleus amiEs:

iated primarily with expiration. The medullary ceater has been
as thesite for the inherent thythmicity of breathing. ™
 The apoeustc center is found in the lower portion of the pons and apvm;';"':,
switch-off of nspiration. Although there is some question as to whether O 1! Ceoyg
cenier lys 2 ol in human rspiration i has been associated ith PIOIOTEES
Baps. et
The P i ialis of the upper PO

par
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ration (i.c., it limits inspiration), 5 Astro 7

m,,,m;uon (0.5 scconds) and increase gy llm from
imolus prolongs nspirtory ey " MSuen 1 gy

o ,\m a couple of breaths ”""'"man[., 3 second, ’“r"nxw,

e
ns e of inspiratory volume. * mumh
l”:‘ ° by theter™ s ,.mc I""::{” patte :
ﬁsmdwﬂmmg . M SENt 10 the jng,
ressively SUONEer ignal (., a ramp Y Miscley
I’D‘mﬂg,d(ollnwtd bya P':ngmlnon The pattem of the mm'l.l'l:;;vs"ll)w “M:::
Pt L “‘”,man an abrupt nspiration. B
P l
. and peripheral chemoreceptors located?
w,,gre"' G _ within the ventrolateral surface of the. medulla
ey the carolid bodies (ocated t the bifyreg
e ey and n the arch of the aorta ol
z .
aotid 5 chemoreceptorseespond?
" e perphere 0 changes i Pao,,
8. 10" igteral chef ‘fring to the central nervous system. Specif iy
e Wg pecif ully. um.a«m in

e in the PacO, alters th rae of firng, For
poran” o P23 beginsat about 500 mmHg and sy < 0
o E s blow S-60 M, The s i o b i
oo o
gresult
oy 5

iy ofthe peripheral chemorsepior sy,

s gutine the umﬂd bodies. |lf=r=n| nerve fibers pass through Hering's nerve to the glossoph.
g tento thedorsil espiratory neurons of the medulla. From th sofic bogies
L the vagi and then to the dorsal respiratory neurons, "

et

yrmal response
m"‘,‘d“,‘:ﬂws e ventlaton by a factor of four when breating 5% carbon
m:m pproxinatly 152 52’5 Limin per mimkg increas in Pacoy. (ee igure, l0p o next

e
|5n”'km¢nq)mm oxygefi measured? ) .

Theeare te and rebreathing lable to test an individual's ven-
Samy e o dcesing Q- 0.2 1ot 0 confound the resuls,the gas mixure mustbe
el it sea-normal alveolar carbon dioxide levels.

to breathing increasing F,CO,?

l!&Tuumdaszprd‘!

because of their locati hanges in the pH of the

the brain. The makeup of luid i

sl i, local blood flow, and local metabolism. Although the blood-brain i is
imemeable o the hydrogen ion (H*), carbon dioxide diffuses across it easily. An increase
BePaco,lads to an increase inal fluid carbon dioxide, inc ’,
;:’\ intum, stimulates the central chemoreceptors, resulting in an increase in venition.
“""" f'frmcepms are responsible for about 60% of the ventilatory response 1o car-

juA
Wi ho ol Y ofthe cerehronpinel fuid?
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Minute Ventilation (L/min)

2 3 4 5
% Carbon Dioxide

i“m"'i“g insp
S the bluny g
X

o ing i ©,
(€0, The chronic obstnuctive pulmonary disease (COPD) curve repres -
ey

person withemphyseme,

158 inP: .
Because i ha e protin than aterial blood, th cerebrospinal i o Ty
capacity than thearteial lood. Therefore, a small change in Paco, PH hag vty
tagey

es
cercbrospinal fiid pH as compared with arterial pH, ults in  arger g

159. Can a reduction in arterial pH avithout a concomitant increase in Paco, g
change in ventilation? " i
Inthe faceof adecrease inateial H alone, ventiation increases under socapriccrgy
(see figur). Th increase in ventilation seen in response 1o a decrease fn lﬁ";&i "
T

g

2
3

‘The normal ventilaory espeed
decreasing blood pH (st
H* ion concentraton) i
‘capnic conditions.

S
3

Minute Ventilation (L/min)
8
8

J’H'
——t—t

76 1574 73 72 71 70




e
i ;sl=“"',,:,';dfespme,-lmwgn.
o the PV eﬂmhw.d"""%

types of Iung FeCeptorTAnd disey
ity 0 00 receptors e oated inthesmooth e
° "P‘;,,,wlﬂ e ety IDCEBSng CXPIEO lme ang g, Slef the iy g
1. P ation: % tretch receplors have beer 1ereby decreggng e Pond
M Imonary Stretct N identifieq, ing respiy
ceptor. The SARS le in the - Slowly adaping o
o o oFes 5 (RAR) e Smooth muscie of by, (AR
o m, e tvated by Increass in V, The S o
(r ). Alhough he SARS e mchanoreceo 73y be tesponsibe for i,
b3S demon,

smm»";g,ms :;d ot mechanical and chemica i m,‘m

1uog
et il 1€ L RARs to smoke and ammonia.

g,‘fz«d""’”“ are ocaied in .

s o ey constion 1 s n e
pulmonay S i also an associated reflex my;m,,":,?m e
sion,

loCllcd in Ihe epithelial cells. Dflhe nose and yg s

ﬂjﬂﬂlmmuﬂﬂ cold air, o
wey eeptors ar ot e s, e, gy,

ﬂ:ﬂmﬂ mu:l““dc}mmulsmnuh causing coughing, m&“hm

e short-erm response to breathing at high alitudes?
0 W u,mg ‘03 high altitude (¢.g., 10,000 feet [3048 m), the resulting decrease in
0":;"‘ peripheral chemoreceplors with a concomitant increase in alveolar ventilation,
M‘:m s o entilton, her s 8 decease inarril and crebrosinal uid O,
b Fospinal flud Peo, leads 0 a increase in pH, which kbt th cenal

kot happens after several days at high altitude? )
o e icubonte (HCO;”)levl i decteased, estoing th crebrospial fuid pH
isiiaing e alkalemia, hyperventiation continues.

" invalved in igh

e : -
Sy g o, oxygen extracion (i, wider ateriovenous xygen cotet iffer-
) Comomitan increases in ed blood cell content (hematocrit may rise to 60%) and hemo-
ey i 0 20 /dL) will result i an increase in the oxygen-canying npmly There is
oakevard i be-
aba fororygen.

“‘Wmmmmumm.wnmmummimmmmm

hk; ormal cicumstances, the Paco, is the major determinant of reathing being held ©0
a8 A 12 mmHg increase in the Pac0 evokes a 30-40% increase n minute et

K.::‘“ eFyporic arive? »
f hrom: cashon dickide retention, patints with chronic obstrucive pulmonaY

|
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120 . o .
| .- sensitivity to pH changes in the_sz:: l'OSpmal:l flui hd femy;
have lost thelf sent | chemoreceptors o anter h Y8en changey Thyg , "
disease sponse of perip emrovides their stimulus to brea? e (ie., the b Poxic d;-iane'i&lh
o '[heanrfl not hypcrcap"":::n be dampened by ;upglt:)mentdl oryEen, and thus, whe;et Or iy
ia g drive e Pao,. - trng: | O
;::1 stimulus)- T::;,ﬁrt;r the PaCO, a8 weil st 2 : tragip,
geniti jsoning, will the hypoxic drive be trlggered? |
166, In carbon monoxid:;‘:eht and saturation are low, the Pao, is witn;, NOrmgy
. en im;
Althoygg !22 ‘:ﬁlgnot be triggered. "s_and
the hypoxic
athing? , , _
167. What is Kussmqsl :)i:ethere is a decrease in arterial pH, which Jeqq, © o . .
in diabetic ketoacl oed 'Kussmaul breathing. Kussmaul breathing leads oh '“Creasc iy
and Vg that has bee:s:e ir,Tme extracellular bicarbonate content, ypocap“iaﬂaﬁ |
a subsequent decre _

d apneustic breathing?
: ifference between apnea and a fing?
168. \Khate las itsht;:ﬁ:sau on of breathing with or without a concomitant decreage in
e Apn

anel‘ial gx)._
gen . . terized by prolonged inspirationg foll :
. Apnel{S‘lF breathing is charac y | . Owed by brief Peri
of expiration. '

isCheyne-Stokes breathing? -
169-C‘:2;;::-|§tgokes breathing is a t_’orm of periodic b_reathmg characterizeg by a Watking y.
tidal volume with interspersed- perfods of apnea lasting 1020 Secgnd?,. The l}ﬂderlying oy
nism of Cheyne-Stokes breathing is a lag tlmoe between hﬁfpel'\'entllatlon, which inoree” paO;
and decreases PaC0, and chemosensor detection. The respll‘-atOTY center responds by decrens
ventilation, and consequently the Pa0, decreases and Paco, increase

Teasing
repeats itself about every 40-60 seconds.

8. This results j acycle by

170. Describe the ilering-Breuer reﬂex._’

The Hering-Breuer reflex, also referred to as the inspiratory-
is triggered by large inspiratory efforts. The subsequent increase i
rate of firing from the airway stretch reCeptors and switching o
that the Hering-Breuer reflex becomes active whenthe V, is g

inhibitory or inflation reflex,
n lung volume Causes increaseq
ff of the inspiration. It ig thought
reater than 1.5-2.0 L,

171. What is the deﬂationcm;t_:xcito-inspiratory reflex? _
The deflation réflex is initiated by collapse of areas of the lung, which elicits a rapid inspir-
tion and an increase in frequency of breathing.

172. At what level of respiratory muscle force does fatigue set in? L
The respiratory muscles can work at about 40% of their maximal force for indefinite period
Above this level, respiratory

muscle fatigue becomes a major factor and can contribute to vett
latory failure. |

173. What is the duty cycle?

A- duty cycle is not 5 list of jobs a worker is to complete by the end of his or h‘?r shit ﬁla:scr;
peats'ntself every day. The duty cycle is an objective measurement to assess resplrawry'nspim-
function, 1t ifs the ratio of inspiratory time to the duration of the respiratory cycle (both !
tory and EXpiratory times) and j5 $eéen to increase in respiratory muscle fatigue:

Duty cycle = —L = T: ' ' |
- Ti+T T T

tot | .
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o™ term air hun,
ettt “‘:wuve 50-60 miHg, the indivduals minyze
’ “T,':r- 0, mz‘;’:i periences  sensaion of labored breathing
0 e

o divi become semicomac
‘e individual can 105¢, and at leve}
’M’; o0 i}r anger i also refered 102 dyspnea. °IS greater than 129
"

theE
Wy
inres

one respiratory cycle

Veniltion s pegr
orait hunger, [ o8

2
O mplicatd inhe 51521 f s g
!“‘:' oy ffot 2 sl ofrespiatry isease, The inereog m:hs:;l fo
‘5‘;‘ in their mus;l;e spindles, innervated by gamm mmfm".:
f gt 5]:; sl clongation andhence contl e srength ofcotagn:
# 1 gestin .

o secount for the sensation af dyspnea?
W eating s sbietve feeling expeiencd by an individulwho i
| !

oess O £ oreathing deep OF fast €n g -
o (;.mn-r;:wmpm,. and carbon dioxide production. The primary fuctors s

B0 e mechanical work of breathing
':‘ s component

. i ised i i
isan
P mg""'?‘m {ncrease in ventilation is s  result o changes i V, and respi
e entltion - in terms of V, and respiratory rate?
e o canbe accomplished by increasing V, respi . frequency, or
e rsponse i a iner ncreas inboth Ve and V, until aboutlf he n-
et inceass in Vs are sccomplished by signfcant nreases in i
il Xu o shout wicethe V, T, (inspiratory time) remains constant with concomitant d-
:LT" B increses in V,ar inversely elted 10 T. Thus,inreases in V are now
e tasesinboth T, and T

isthe pee-Botzinger complex?®
mAw:m:| i medulla model that contai f pacemaker neu-
msrponsleforrespiratory rhythmogenesis.

9 Dicas themedel of respiratory rhythm generation.
B assuggesod hatthe respiratory cycle is made up of three phases, which has been
o3 mote fo espiratory hythm:
*Pase —inspiratory phase, which i terminated by lte-inspiratory inhibitory intere-
s

+ Puase 2—posinspiratory pha
ey piatory pt

. which inhibis nspiratory neurons

~expiatory phase, which promotes active expiration

o

h"’:‘ sthe mechanism of chemotransduction by the cells ofthe carotid body in re-
Al e =

m:“" i:’;’:‘\hm\m has not been clearly elucidated, it has been suggested that in re-

iy g Y5 Olow S0-60 mmHig), there s  reductio i poassium (K- chan-

e i calium (Ca* *) from intracellular tores. A eduction n cell merm-

-



Respiratory Physi
122 ry Physiology

+ channel activity would lead to depolarizatiop, and g, .;'

This would lead to opening of voltage-gateq Ca++ sequent -
nt release of neurotransmitter, cha“ﬂels ._,

brane bound K

tion potentials.
enter the cell and subseque

1
181. A reduction in cerebrospi{nal ﬂu‘id PH results in ay iner . ng Ol
drogen ion itself 8 unique cherplcal spm.ulus to the observeq chan in .

There is a greater Increase 1n yenu.latlop OWIng 1o reductiop ;
result of hypercapnia than isocapnic aC{demla. These results sugge
spinal fluid pH, although a stm-lulus to increased ventilation, jg o
there is a difference in the ventilatory response to & metabolic a¢; d

RNy :
n Cerebroen.tllatio Is th

St thag hI’ _
t the uni
Osis or

182. What limits how long you can hold your breath? R Tatory oy »
The break point for breath hold occurs at about a Paco, of 50 m oy
ulus to breathe overwhelms any voluntary effort to hold your breath & Al thg o

183. What is the synergistic effect between carbon dioxide ang ox

it has been shown that the ventilatory response to an increased pygen?
creased Pao, is augmented. The combined effect is a greater stimuylyg ::)Coz COmbing, ;
than the sum of each separately (i.e., synergism), an creggey ‘:!lh "

Nifyg

184. Is the inspired oxygen tension less in a commercial airplane ¢, %

The cabins of commercial aircraft are pressurized to about 500 an
As a result, although the fractional concentration of oxygen is the Same 00 feey Bove gy,
metric pressure is less, yielding a lower oxygen tension. A5 at seq leve| the ‘;'-*el |

Example: Given the following data, calculate the inspired OXygen tension @ .
¢)
1Y)

of an airplane: inthe . _
Pg = 600 mmHg o i
Py = 47 mmHg |
F,0, = 0.2093 (21%) | _.
P,0, = F0, X (Pg — Pyy0) = 0.2093(600 mmHg — 47 mmHyg) = | 16 mantty

This translates to a lower arterial oxygen tension in the passenger OWiNg 10 8 Joure. - .~
oxygen tension. At sea level, the inspired oxygen tension is 149 mmHg, OWer ingpipg
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