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)(
:

.PH:
PH. 

.:

. 
.(Olfaction):

. 
.(Protection):

. 

.
-

.
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-

)(
)Collapse(

.
Trachea

5/6
)

(

1.5millimeter

Anti collapse factor

Bronchioles

Collapse

Trans pulmonary pressure.
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:

Bronchioles

Respiratory bronchioles

Small bronchiBronchioles.

:

1cm 

HOH

Terminal bronchioles

)
(

Terminal bronchioles

Terminal 

bronchioles(Non respiratory bronchioles)

.
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SympatheticParaSympathetic

EpinephrineNon epinephrine)Epinephrine(
Medulla

Beta receptorBroncho 

dilatation)(
Vagus

ParenchymaAcetyl cholin

Bronchial treeMild to moderate

ConstrictionAsthma

Atropine

Bronchiolar constrictor reflexMicro emboli

Pulmonary

Histamine

SRS(Slow reacting substances) of anaphylaxis

Mast cells

.
)(

)Asthma(Airway obstructionKey 
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role

Broncho constrictiveAirway.
Smog)(

.

:

Terminal 

bronchioles

Goblet cells

)(
Sub mucus glands

.
Terminal bronchioles

Celia

Epithelial

-
Pharynx

Pharynx

Pharynx)(

(1Cm/min)
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.

(Cough Reflex):

.LarynxCarina

)Trachea(
Terminal bronchioles

.
Afferent

Medulla

Circuits

Triggered)(:
2.5 LitEpiglottis

(Internal intercostals muscles)

100mm Hg

Epiglottis

(75-

100miles/hour)Compression

TracheaBronchi

Exploding air
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)(
TracheaBronchi.

(Sneezing Reflex):

AfferentMedulla

Uvula

.

:

ConcheaSeptum

160 Cm2

Air conditioning

.
InspiredTrachea

Fahrenheit-%

)Tracheotomy(
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.
Conchia

TurbinatesTurbulence

Septum, ConcheaPharyngeal wall

Crust

.
Turbulence mechanism

6µ

)RBC(
1-5µBronchioles

Gravitational precipitation

(Terminal bronchioles diseases)

Expiration)(.
0.3µ

Diffusion process)(
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)(Alveolar Macrophage

Lymphatic 

channel

Alveolar 

septum

Permanent debility.

Vocalization:

:
-.
-.
-ArticulationResonance

.
:

-Phonation.
-Articulation

.

Phonation:

(Vibration)Vocal 

foldsVocal cards

Glottis
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-B
LaryngoscopeVocal foldsGlottis

.Folds

.
PitchFolds

Folds

.
-AVocal Folds

Fold

Elastic ligamentVocal 

ligamentThyroid

Adam's 

appleVocal ligamentVocal 

processes)(
Arytenoids

(Arytenoid, thyroid)

Cricoids-
.

-
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Vocal foldThyroid

Arytenoids

Cricoid.
Vocal foldsVocal ligament

Thyro arytenoids muscleArytenoid

ThyroidVocal 

foldsVocal 

foldsVocal folds

Pitch)(.
ArytenoidCricoidLaryngeal

Vocal 

folds-B.

Articulation and resonance:

Resonator

.

.
Resonance
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Resonance

. 

)O2(
)CO2(

:
-Pulmonary Ventilation:

)(.
-CO2.
-

.
-)Regulation(. 

)()(:

:
-

.
-)Ribs(

(Ant. Post).
)-( 
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(sternum)

)-(

(Max.Inspiration)

(Expiration)

)(

.
External Intercostal

:
-Sterno Cleido Mostoid:.
-Anterior Serati:.
-Scaleni:.

(Expiration)

:
-Abdominal Recti

. 
-Internal Inter Costal Muscles

-Ext. &Int. Inter Costal Muscles

(Inspiration)

(Expiration).
(Expiration)

Ext. Inter Costal Muscles

www.ketabton.com



15  

InspirationInternal 

Intercostals.
:

(Open)

Collapse.

HillusMediastinum

(Pleural fluid)

Lubricate

)Visceral()Parital(

SuctionPlasma 

Transudation

Lymphatic Channel

.

:

Suction
(Inspiration)5Cm 

HOH4mm Hg
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7.5Cm 
HOH-6mm Hg-)-(

(5 -7.5Cm HOH)

.

:

.
Glottis)(

)(
0Cm HOH

.
(-1Cm HOH)

1Cm HOH

.

Trans Pulmonary Pressure
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-

.

CollapseRecoil pressure
.

-:
.
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Compliance:

Complance
Trans Pulmonary Pressure

Complance
Trans Pulmonary Pressure

1Cm HOH
.

:-Trans Pulmonary 
Pressure

Trans pulmonary pressure

Inspiratory Compliance Curve
Expiratory Compliance Curve

Compliance
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:

 
-:

.

-:
-:

Surface Tension
)

(Elastin)
Parenchyma(

Elastically 
Contracted

.
2/3-

Compliance

Air Fluid InterfaceSurface 
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TensionTissue Elastic Forces
. 

Air Filled Lungs
Saline Filled Lungs

Air Filled LungsTissue Elastic Forces
Collapsing1/3

Surface Tension2/3
Surface Tension Elastic 

Forces
Surfactant

SurfactantSurface Tension
.

:

:

Water Air

Airway
Collapse

Surface Tension Force.

www.ketabton.com



21  

SurfactantSurface Tension:

Lipid Inclusion
Type.II Alveolar Epithelial CellsSurfactant 

Secreting Epithelial Cells
Surfactant

Surface Tension
(Di Palmitoyl Phosphatidyl 

Choline)(SurfactantApoprotein)

 

(Ca++).
Surface 

Tension

Fat Air 
InterfaceSurface tension

1/1/
Surface 

Tensions:
-Surface TensionDynes /cm

.
-Surfactant

Dynes/cm.
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-Surfactant
Dynes/cm-.

:
Surface Tension

Collapse

: 

m
Surfactant

cm HOH43mm Hg.
Surfactant

cm HOH
Surfactant

Surface tension
.

Surface tension:

Surface 
tension
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cm HOHcm HOH.
Premature

)1/(
Surfactant

-
PrematureSurfactant

)
Surfactant(Premature

Collapse
Hyaline membrane disease 

(HMD)Respiratory distress syndrome of the 
newborn

Continues positive pressure 
breathing.

:

)
(

.
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:

Pulmonary system)(
Compliance

)(Paralyzed

Pulmonary

PulmonaryCompliance
ComplianceCC/Cm HOH

200CC/Cm 
HOH.

Compliance

Combined lung thorax systemCompliance
Compliance)1/(

.

(Work of Breathing):

(Inspiration)
PassiveElastic 
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recoil
.

:
-Compliance or Elastic work:

.
-Tissue resistance work:

.
-Air way resistance work:

.
-.

Inspiration
Inspiration

. 

VP.

:
Work of breathing-

Pulmonary system 
compliance
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(Lungs and thorax) 
Pulmonary system)(

.

:

-

Tissue 
resistanceAirway resistance

Airway resistance
.

ComplianceTissue resistance work
FibrosisAirway resistance

.

Elastic recoil
Tissue resistancAirway 

resistanceExpiratory work
Expiratory muscles

Inspiratory work
AsthmaAirway resistance
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(Expiration)
.

:

-

Airway resistance
Pulmonary compliance

.

:

:

Spirometery.-
SpirometerDrum

Chamber
Drum

O2

Gas chamberDrum
ChamberDrum
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.-Spiro gram

Pulmonary ventilation

.

-

:

-

:
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-Tidal volume (VT):

500ml.
-Inspiratory reserve volume (IRV):

(VT)
CC

.
-Expiratory reserve volume (ERV):

Expiration(VT)Expiration

.
-Residual volume (RV):

Expiration
ML.

-.
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:

-

:
-Inspiratory capacity (IC):VTIRV

:Expiration
Inspiration

IC
.

-Functional residual capacity (FRC):
RVERV

Expiration
.

-Vital capacity (VC):IRV
VTERV

Expiration
ExpirationInspiration

.
-Total lung capacity (TLC):VCRV

Inspiration
.
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-

.

:

Spirometery

Pulmonary volumePulmonary 
capacity.

-:
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VC= IC+ERVORVC=IRV +Vt +ERV 
TLC= VC+RV 
TLC=IC+FRC 
FRC=ERV+RV 

RV, FRCTLCHelium dilution

:

FRC
Expiration

Spirometer
RVExpiration

Helium 
Dilution:

Spirometer
Helium

Spirometer
Expiration)

FRC
(Spirometer

SpirometerSpirometer
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HeliumFRC
FRCHelium dilution

.

FRCFunctional residual 
capacityCi HeSpirometerHe

Cf HeSpirometerHeVi Spir
Spirometer

FRCRV
ERV

SpirometerFRC
:

RV= FRC-ERV 

TLC
:

TLC= FRC+IC 

:

(RR)Respiratory RateVT.
VTRR12 

times/min
6lit1.5lit/min

RR2-4/min
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.)MRV)Minet Respiratory 
Volum)RR40-50/minVT

VC4600cc(200 lit / min
).(

1/3 2/3
.

:

(Alveoli, Alveolar sacs, Alveolar ducts and 

respiratory brochioles)

Alveolar ventilation.
Tidal

Terminal bronchioles

)Terminal 
bronchilesAlveolus(

Diffusion

(Kinetic movement)

Terminal 
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bronchiolesAlveolus

.

(Dead space):

)(

Expiration

.

:

-
O2

).(
Nitrogen meter
(Expired air)

Nitrogen meter
Nitrogen meter
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.

Platue

A

.

-:.

 

VDVE
A30 cm2B70cm2
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500ml
: 

150ml

.
:

Perfusion

(1-2lit).

:

Gas 
exchange

.
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VA
FreqVT,Tidal VolVD

VT500cc150cc
12times/min

  
4200 ml/ min..

Alveolar ventilation
O2Co2

.  
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Hemodynamic
.

:

:

Pulmonary artery5cm
Main 

branches
IVCAorta1/3

)()
(

Compliance7ml/mmHg
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ComplianceCompliance
RCO (Right 

Cardiac out put)2/3
.Pulmonary veins

Pulmonary arteries
Distensibility characteristics)

(
.

:

Cardiac output-
Septa

Pulmonary arteries
BronchialArterialPulmonary 

veins

Left cardiac output
Right cardiac output-.
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:

)Terminal 

bronchioles(
Right Lymphatic Duct

Plasma proteins
Pulmonary edema

)(.

:

Pressure pulse curve in the right ventricle

-

Systolic
25mmHgDiastolic pressure

0-1mmHg1/5
.
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Systole
-

SystolePulmonary valve

.

-:.

-
25mmHgDiastolic pressure
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8mmHgMean arterial pressure

 
(MAP)15mmHg.

MAP7mmHg

Pulmonary capillaries
. 

-:D(Diastolic) -M(Main) -
S(Systolic).

:

2mmHg1-5mmHg

Wedge pressure
5mmHg
Small wedge artery

2-
3mmHg

Pulmonary wedge pressure
Pulmonary wedge pressure
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CHF(Congestive Heart failure)
Pulmonary capillary pressure

.

:

450ml
70ml

.

)
(

)(250ml

Automatic 
shifting

.
Shifting

Mitral 
regurgitation, Mitral stenosis

)(

.
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Shifting
.

:

Passive distensible

:

:

PO2

PO273mmHg
3-10min

PO2
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PO2

Hypoxic

Hypoxic

.

Hydrostatic:

Hydrostatic pressureGravitational pressure
90mmHg

Hydrostatic pressure
.

30Cm
23mmHg
15mmHg8mmHg

Pulmonary artery
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15mmHg8mmHg

-
)

(
1/5

)-(.
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-:
.

-::

.

Capillaries

.
Zone 1:Cardiac cycle
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.
Zone II:IntermittentSystole

Diastole
.

Zone III:
Cardiac cycle

.

(Zone II intermittent flow)(Zone 
III)Continuous flow

Pulmonary arterial 
pressure15mmHg

Systolic pressure
Apical systolic pressure,10mmHg:

25mmHg at Heart Level – 15 mmHg Hydrostatic 
Pressure = 10mmHg

Pulmonary Apical capillariesSystole
Diastole

8mmHg15mmHg

SystoleDiastole
Zone II Blood Flow

.
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(Systole 

and Diastole)Pulmonary arterial pressurealveolar air 

pressureZone III blood flow.
(Lying position)

Apical part
Zone III Type Blood Flow.

:

Positive air pressure
Pulmonary 

pressuresystolicZone I
Pulmonary systolic pressure

)
Hypovolumia(Zone 1.
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:

-

700-800
200-300

Zone- III.

:

-

:
(Open)

.

Pulmonary arterial pressure:

Pulmonary vascular resistance

-.
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Pulmonary 
capillary pressure
Pulmonary edema.

-:MAP

 

CO .

:

1-5mmHg40-50mmHg
7mmHg

www.ketabton.com



53  

.Pulmonary 
arterial pressure

6mmHg
.

Left heart failure
Pulmonary arterial pressure

7-8mmHg
Pulmonary arterial pressure

7-8mmHg
Pulmonary capillary 

pressure
30mmHgPulmonary edema

.

:

Capillaries
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Capillaries

iso 
gravimetric method

7mmHg
2mmHg

15mmHg
Mean pulmonary capillary pressure

.

Pulmonary capillary
Cross sectional

Cardiac output0.8sec
Cardiac output0.3 sec

Collapsed
Pulmonary capillaries

CO2.
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:

:
Pulmonary capillary pressure7mmHg

17mmHgInterstitial fluid

Micro pipettePulmonary 
interstitial fluid-5mmHg

Absorption pressure of fluidfrom 
the alveoli8mmHg.

Pulmonary capillary
Pulmonary 

interstitialColloid osmotic pressure
14mmHg

.

Interstitial
ommHg

interstitial
.
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pulmonary fluid dynamics.

:

-Pulmonary capillary

(interstitial space)

)
(:

1. Capillary pressure --------------7mmHg 
2. Interstitial fluid colloid osmotic pressure --- 

14mmHg 
3. 3-Negative interstitial fluid pressure ----- 8 mmHg 
4. Total outward force -------29mmHg 

: 
Plasma colloid osmotic pressure ------- 28 mmHg 
Total inward Force ------- 28 mmHg 

Outward forcesinward force
Mean 

filtration pressure
.

Total out ward forces ------ 29mmHg 
Total inward force------------ 28mmHg 
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Mean filtration pressure ----- 1mmHg 

Mean filtration pressure
interstitial space

.

-:
.

:

interstitial
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interstitial space

Suction

.

(Pulmonary Edema):

Edema

Interstitial space
Interstitial space

Edema
Pulmonary edema:
Left heart failureMitral valve

Pulmonary veinsPulmonary capillary pressure
Pulmonary edema.
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Damage of the PCM (Pulmonary capillary 
membrane)

)
(

:

Pulmonary edemaPulmonary 
capillary pressureColloid 
osmotic pressure-

.

-:
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Pulmonary edema

Pulmonary capillary pressure
1-2mmHg.

-
23mmHgPulmonary capillary 

pressure25mmHg

Pulmonary capillary pressure
Pulmonary capillary pressure25mmHg

Pulmonary fluid
Plasma colloid osmotic 

pressure25mmHg.
Plasma colloid 

osmotic pressure28mmHg
Pulmonary edema

Pulmonary capillary pressure28mmHg
7mmHg

Pulmonary edema21mmHg28-7=
Pulmonary edema

safety factor.
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:

Pulmonary capillary pressure)
(

Pulmonary edema.

)(Mitral 
stenosisPulmonary capillary 

pressure40-45mm Hg
Pulmonary edema

30-35mmHg
21mmHg.

:

Pulmonary capillary pressure

25-30mmHg20-
30 minAcute left heart failure

Pulmonary edema
Pulmonary capillary pressure50mmHg

.
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:

)(

-

 

.
Mesynchymal serous

(Tissue proteins)Mucoid

)(
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Mediastinum

Potential space

.
-:.

:

(Recoil tendency)

(-
4mmHg)-4mmHg

-7mmHg
mmHgCollapsing pressure
Negativity

Mucoid fluid
.
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(Plural Effusion):

Edema
Edema

:
-.
-Cardiac failure

.
-Plasma colloid osmotic pressure

.
)

Capillary membrane
(

.

HemothoraxPneuomothoraxPus
Empyma.
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:

CO2

Diffusion

Diffusion

.
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:

Diffusion:

Diffusion

Kinetic motion
273

)()
(

.

:

Chamber
-

Net diffusion

ChamberA
B
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-
Diffusion.

-:.

.
CO2,O2N2

.
%%

760mmHg
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760mmHg79%600mmHg

 
,

21%160mmHg
600mmHg160mmHg
760mmHg.

PO2,PCO2,PN2,PH2

: 

Kinetic energy
Random

)(

.)
(.

:

Solubility coefficient(SC)
CO2

Repelled
Attraction
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Repelled

Henry's Law
.

Pressure =

 
)

(
Solubility coefficient

:
0.024 

0.57 
0.018 
0.012
0.008 

S.C
20

.

:
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Net diffusion

)(

)(Net diffusion
.

:

47mmHg

47mmHg

.
PH2O
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5mmHg100760mmHg

(47mmHg).

:

Net diffusion
.-

Net diffusion:

.

:

Diffusion:
-Solubility coefficients(SC)

-.
-.
-.
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-.

S.C

:

D

DDiffusion ratep

ASd,S.CMW
.

SolubilityMW
Diffusion coefficient

.

Diffusion coefficient

:
1

20.3
0.81
0.53
0.95
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:

)
(

.

:

-
:

-
.

-
.

-
.
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-::

:

47mmHg

760mmHg

597
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563mmHg159 
149mmHg(Dilute).

:

FRC
2300mL350mL

)
1/7(

-

.
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-.

-

(34 secs)

(8 Secs).

-.

Respiratory control mechanism.
)(

PCO2, PO2PH.
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:

.

.
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-)
((PAO2) Alveolar PO2

.250ml/Min

1 Liter/min.Normal 
Ventilatory rate4.2lit/minOxygen 

consumption250ml/minNormal 
operating point-A

)(
PAO2(104 

mmHg).
-

. 

PAO2149 
mmHg)
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(
)(

149mmHgPAO2

Rate.

:

Ventilation
.

-PACO2

200mL/min800mL/min
(200ml/min)

(4.2lit/min)PCO2

Operating pointA40mmHg
-
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CO2

.

-:PCO2

:

-
(Expiration)

)(

)(
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.

--O2

 

CO2

. 

:

-Alv. 
SacArtriaAlveoli, Alveolar Ducts& Respiratory 

bronchioles

0.2mm.
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-.

-

Respiratory membranePulmonary membrane
Alveolo Capillaey Membran 

(ACM).
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-.

:

-Ultra structure
Cross section

RBC
RBCCO2

:
-Surfactant

)
(.

-.
-.
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-Interstitial space
Capillary membrane.

-
.

-Capillary endotheial.
)(

0.2
0.6)

(.
70m2

)(
60-140ml

RBC
RBCCapillary wall

)(RBC
)(

.
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:

:
-.
-.
-Diffusion Coefficient.
-.

Pulmonary 
edema

Fibrosis

.

.
Emphysema

Chambar
)/(

/ /
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.
(Diffusion coefficient)

.

CO2

.

Net tendency
.

Net Diffusion

Net diffusion
.

:

1mmHg
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21ml/min/mmHg

11mmHg
.

230ml

.

65ml/min/mmHg)
(:

-

.
-PerfusionV/P

Oxygenation

Diffusion capacity
.
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1mmHg
.

Diffusion capacity

Diffusion coefficient

Diffusion capacity400-
450ml/min/mmHg

(1200-1350ml/min/mmHg)-
Diffusion 

capacity

.

--)(
O2, CO & CO2.
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:

Oxygen diffusion capacity
:

-PO2.

-PO2.
-.

Oxygen 
diffusion capacity

)(
CO

CO Diffusion capacity
Oxygen diffusion capacity

:
CO

Hemoglobine
Carbon monoide

Co

Carbon monoxide
CO Diffusion capacity
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Oxygen diffusion capacity
1.23

Oxygen diffusion coefficientCO1.23
CO diffusion capacity

17 ml/min/mmHg
Oxygen diffusion capacity1.23

21ml/min/mmHg.

V/P:

Total 
ventilationTotal pulmonary blood flow

V/PVA/Q
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VAAlveolar ventilation
)(QBlood flow

VA/Q
Perfusion
Q

(Zero 
and infinity)

.

V/A=0:

40mmHg
45mmHg

. 
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--V/Q. 

:

Pulmonary capillary blood flow

Carbon di oxide.

PO2149mmHgPCO2

.

www.ketabton.com



93  

:

Alveolar ventilationNormal 
pulmonary capillary blood flow

OptimumPO2104mm Hg
149 mmHg

PO2(40mmHg)PCO2

40mmHg
45 mm HgmmHg

PO2104mm Hg
PCO2

 

40mm Hg. 

VA/Q:

-
VA/Q=0

VA/Q=PO2PCO2

.
VPCO2PO2VA/Q =0

PO2=40mmHgPCO2=45 mmHg)
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(VA/Q =
I

PO2=149mmHgPCO2 = 0 mmHg

VA/QPO2=104 mmHg
PCO2= 40mmHg.

ShuntVA/Q:

Oxygenation
)(

Shunted blood
)CO(%

Deoxygenated
Physiologic shunt

ShuntClinical pulmonary functional 
laboratoryCardiac output

Physiologic shunt.

  

QPS = Physiologic shunt blood flow/minunte 
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QT= Cardia out put / minunte 
CiO2= concentration of oxygen in the arterial blood if 
there is ideal ventilation perfusion ratio 
C O2 = Measured concentration of oxygen in the mixed 
venous blood. 

Shunt
.

VA/Q
.

.
Wasted ventilation

Physiologic dead spaceClinical 
Pulmonary function laboratory

VD Phys:.
Tidalvolume:VT.

:.
:. 

Ventilation

.
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Perfusion:

VA/Q:

)(

VA/Q2.5

Moderate degree dead space
.

VA/Q0.6

Physiologic 
shunt

Perfusion

Physiologic dead 
space

(Optimum).
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VA/Q:

RVEmphysema

VA/Q
VA/Q = 0

:Emphysema

COLD(Chronic obstructive 
lung disease)

Physiologic shunt
Physiologic dead space

1/10
.   
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.
RBC

)
(30-100

.)(

(15-20).
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)
.(

:

:
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:

-Pulmonary 

capillary

104mmHg

Pulmonary capillary

40mmHg

4ommHg 

 

64 mm Hg104mmHg-

-
1/3

104mmHg

Oxygenation

Safety factor

:
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VA/Q.
-Capillary

1/3
2/3

Oxygenation

Oxygenation.

-:.
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-

:

Oxygenated
104 mmHg%

blood supply

Shunt flow
40mmHg

Pulmonary vein
Venous admixture of blood

95mmHg
-

.
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:

95mmHg-

40mmHg

.

(40mmHg)

40mmHg.

PO2-

400%PO240mmHg66mmHg
PO2

)(95mmHg

PO2

-
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PO2

.
-

.
-

.

.

--:
.
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:

5 40mmHg
23mmHg)

(

1 3mmHg

23 mm HgSafety Factor.

:
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:
-

46mmHg45mmHg
1mmHg-

.
-

40mmHg
45mmHg-

(45mmHg).
-

Pulmonary capillaries
45mmHg

40mmHg5mmHg
-Pulmonary 

capillaries

/

.
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---:
CO2
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PCO2

:

)(
-

:
-(A)(B)/

Pco2(45mmHg)60mmHg

(C)Pco241mmHg
Pco2(40mmHg).

-

/
41mmHg

PCO240mmHg.

:

%RBC
%

)
(

.
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:

Heme

)(
)

(

. 

:

-

95mmHg
-

40mmHg)(

:

15gm
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1.34cc)
1.39cc
1.34(

1.3420.1
100

20cc
perecntTwenty wolumes

. 

Volume percent of oxygen-
Precent of 

saturationVolume percent of 
oxygen

:

19.4cc-

14.4cc
40mmHg

)
.(
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--:PO2Hb
.

:

15mmHg
4.4ml

-

)(
(19.4 – 4.4 = 15cc oxygen)

Cardiac output
)

(cardiac output
)(
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)(

PO2.

(Utilization coefficient):

%
%

.

%

.

PO2)(:

Tissue oxygen buffer system
PO2

: 

-
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Oxygen hemoglobin dissociation curve

40mmHgPO2

PO2

40mmHg.

PO2

)15-25mmHg(.
Oxygen hemoglobin dissociationsteep 

slopePo2

.
PO2

.

Po215-40mmHg

Hemoglobin buffer

:
PO2104mmHg
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Compressed
Pressurized 

chamber
)

(
-

Oxygen hemoglobin dissociation curve
PO260mmHg

%(97%)

40mmHg
35mmHgPO2

Po2)
104mmHg60mmHg(Po2

500mmHg
.)

(
mmHgPo2

)Po2
60500mmHgPo2

Hg(
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Tissue buffer function
.

Oxygen hemoglobin dissociation 

curve

:

--Oxygen 
hemoglobin dissociation curve

-
PH

7.47.2%
PH7.47.6

PH

:
-.
-.
-2,3 DPG:

DPG2,3Diphosphoglycerate

.
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O2 

Hb Dissociation curve

Bohr:

O2 Hb dissociation curve

Bohr effect

O2 Hb Dissociation curve
-

)
(

Po2.
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DPG:

DPGO2 
HbDissociationcurve

Hypoxic

)10mmHg
(

DPGHypoxic 
adaptation

Hypoxia
.

:

Muscle capillary 
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blood

Po2

(40mmHg)

.

PO2:

1mmHg

ADP-
.PO2ADP

PO21mmHg
ADP

)(ADP

ATP
ADPADP
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ADPATP.

ADPATP

1mmHg
ADP

Po2).(

--:DPG
.
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:

50

)(

Critical level)
(

Diffusion limited state

.

:

.
-100cc.
-.
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Po21mmHg.

Blood flow limit.(Diffusion and 
blood flow limit)

.

:

)95mmHg
(100ml0.29cc

40mmHg0.12cc
0.17cc100cc

)(.
100ccRBC

5cc
%

Hemoglobin97%
.

1.5%

Hyper baricPO2
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(Oxygen poisoning)Seizures
Deep Sea divers

Higher pressure breathing of oxygen
.

:

-CO-Hb 
dissociation curve.

-:

www.ketabton.com



123  

Oxygen hemoglobin 
dissociation curve

CO1/250Oxygen hemoglobin 
dissociation curve

CO0.4mmHg)
Po21/250(

PO2100mmHg
CO

.
PCO0.6 mmHg

CO
CO

CO

.
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Oxygen carbon dioxide treatmentCO

CO
)

(

:

Acid base

.

)(-
:

-:

45mmHg40mmHg
45mmHg

2.7ml/dl

 

40mmHg2.4ml/dl
0.3cc

100cc
7%.
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-:
Carbon dioxide

RBC

Carbonic anhydraseCatalyze

RBC
.RBC

Carbonic acid

RBCHb
HbAcid base 

bufferRBC
RBC
(RBC 

membrane)HCO3-CI carrier protein

Chloride shift
%

Carbonic 
anhydrase inhibitorsAcetozal amide
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PCO2

45mmHg80mmHg
Acetozal amide

.

-:.

-Hb
):(

NH2
(CO2-Hgb)Carbaminohemoglobin.
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Carbamino compound
)

1.5cc
(

RBC

Carbamino
.

(CO2 Dissociation 

curve):

.

PCO2-
Carbon dioxide dissociation curve

.
40mmHg45mmHg

Carbon 
dioxide50 Volume %
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4 volume%
)-(

52Voume%
Vol %48

.

-:CO2

Haldane effect

:

(Bohr 
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effect)
)(

Haldane effect(Haldane effect)

Bohr effect.
Haldane effectHb

Hb

:
-

Carbanmino- Hb
Hb

.
-

.
Haldane effect

.
-Haldane effect

.
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-:CO2PO2
.

PO2100mmHg
)(

Po240mmHg)
(.A

PCo2=45mmHg52Volume%
.

40mmHg
100mmHg

Haldane effect
50Volume%

2 Volume%
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48Volume%(B)2 Volume%

Haldane effect

)(.

:

PH
Acid buffer

)
(

PH.
7.37

PH0.04

PH

PH0.50)
(

Acidosis.
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:

100cc
5cc

4cc

82%
Carbon Dioxide outputOxygen 

uptakeRespiratory exchange ratio

 

R=

 

R))/0.8

R1.00
R0.7

.

Carbon dioxide

.
)
(R

0.825.
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Respiration Regulation

.

:

Medulla oblongata-

:
-Dorsal respiratory group:Medulla oblongata

Inspiration.
-Ventral Respiratory group:Medulla

)(
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.
-Pneumotaxic center:Pons

:

:

Medulla
Tractus solitarius

MedullaReticular substance

)VagusGlossopharyngeal(

:
-.
-.
-.

.
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Dorsal Respiratory group:

Dorsal respiratory group 
of neurons
MedullaBrain 

systemMedulla
Inspiratory action 

potential

Dorsal respiratory 
groupMedulla

.

Inspiratory "Ramp" Signals

Primary inspiratory muscles
Action potential

Diaphragmatic 
excitation

Elastic recoilExpiration.

www.ketabton.com



136  

Inspiratory signals
Expiration

Inspiratory signal

.
Inspiratory ramp:

-Ramp signal:
Ramp

.
-Limiting pointRamp

Respiratory rate
MechanismRamp

Inspiration
Expiration

.
Pneumotaxic

-
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PonsParabrachialis
Inspiratory area

Inspiratory rampSwitch off

Inspiration
)(

Inspiration
)(

Pneumotaxic centerInspiration

Inspiration
Expiration

RR (Respiratory rate)30-40/min

-.

Ventral respiratory group of Neurons

.

Dorsal respiratory 
group

Nucleus ambligus
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Nucleus retroambligus
Dorsal group:

-Ventral respiratory group

Dorsal 
respiratory group

ExpirationRecoil
.

-RRRhythm.
-RRPulmonary ventilation

Dorsal respiratory area
Ventral respiratory neurons

Ventral group
.

-Ventral group

Inspiration
Expiration

Abdominal MuscleExpiration
.

OverdriveHigh 
pulmonary ventilation

.
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Apneustic

:

Apneustic
Dorsal respiratory group

Switch off
Inspiration

Expiration
Gasping.

Pnemotaxic center
.

Hering Breuer inflation reflex: 
Neural respiratory control

Brainstem

BronchiBronchioles
Stretch receptors

VagusDorsal 
respiratory groupOver stretch
.

Pneumotaxic center
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Feed back mechanism
Switch offInspiration

Hering Breuer Inflation reflex
Respiratory rate

Pneumotaxic
.

Hering Breuer Reflex
tidal volume1.5lit

.

:

InspirationExpiration

Pulmonary ventilation

Ventilation.
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:

Inspiration
Expiration

Carotid
Aortic bodies

.

.

CO2 

:

:

DorsalVentral respiratory group of neurons
Pneumotaxic center
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.Chemosensitive area
-.

1/5mmMedulla

.
Chemosensitive

Blood brain barrier
Chemosensitive

.

Corbonic acid

-

BBB
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BBB

Interstitial fluid
CSF

.

:

.
-

.

CSF

BBBBlood CSF Barrier
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Adaptation
.

:

-PCO2

PHPCO2

Alveolar ventilation
PH)H(

CO2P(35-
75mmHg)

PH7.3-7.5

.
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-:PCO2PH
.

:

Hb-O2 buffer 
system

)60-1000mmHg(
Pulmonary ventilation

)(PCO2Pulmonary 
ventilation rate

.
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Chemoreceptors.

60-70 mmHg.

:

:

-

Carotid bodiesAortic bodies
-

.
Carotid bodiesCommon carotid artery

Afferent
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HeringGlossopharyngeal
MedullaDorsal respiratory area

.
Aortic bodiesAortic arch

AfferentDorsal 
respiratory areaChemoreceptor bodies

Blood supply

Chemoreceptor area

PO2'sArterial PO2's.

-:CarotedAortic Body
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-:PO2

:

Chemoreceptors-
Arterial PO2

Carotid bodies
Arterial PO2

Arterial PO230-60mmHg
Oxygen

HbChemoreceptor
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Carotid and aortic bodies
Arterial PO2

Glomus cells

Chemoreceptors

PO2

.

PO2

PCO2H:

-PO2

PCO2

Ventilatory drivePO2

.

100mmHgVentilation
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60mmHgPO2

.

:

Acclimatization:

)(Acclimatization
PO2

.

PCO2Hydrogen ion
4/5

PO2Respiratory drive
)

(

(2-3days)400-500%

Supply.
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:
18000-20,000ft

)(
Mount everest

29,000ft(
Oxygen supply

PO2

Respiratory driveAcclimatization.

PCO2, PO2PH:

-

PO2

(40,50,60 and 100mmHg)
PH=7.4

 

PO2PCO2

(PO2 

and PCO2).
PH=7.3

PH's
PH
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.

 

-:Art.PO2.

  

--:PH,PCO2&PO2
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:

-
PO2

 
PCO2

PH
.

:
-

Vasomotor
.

-)(
Pulmonary ventilation
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Proprioceptors

.

Afferent

:
-
-Proprioceptive stimulatory reflexes.
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-:O2

:

-

Pco2.
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-:PCO2:

PCO2

Anticipatory

30-40

PCO2)
(

-
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)(
PCO2Alveolar ventilation

Ventilatory 
curve

.
PCO2

PCO2(40mmHg)

VentilationCO2

PO2PCO2

-
PCO2Ventilation

Ventilation.
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-:PCO2.

VentilatoryShift-

Cerebral 
cortex

:
Cerebral cortex

Brain stem

.

:

:

PHPCO2PO2
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Corticospinal tractSpinal 
neurons.

:

Bronchi, TracheaBronchioles

Epithelium

Pulmonary irritant receptors

Bronchial 

constriction

AsthmaEmphysema.

J- Receptor:

Pulmonary capillaryJuxtaposition)
(J-Receptor

Pulmonary Capillary
Pulmonary edema

Congestive heart failure

Dyspnea.
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:

Acute brain edemaBrain 
concussion

cerebral arteries
Cerebral 

blood supplyRespiratory 
depressionBrain edema

Manitol

Brain fluidICP (Intra 
cranial pressure)

.

):(

respiratory depressionrespiratory arrest
AnestheticsNarcotics

OverdosageSodium pentobarbital
)(

Respiratory depression
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Respiratory depressive
Cerebral cortex.

:

Periodic breathing
Cheyne stokes breathingSlowly 

waxing and waining
40-60sec

Over breath

Depress

.
Cheyne stokes respiration

Respiratory center
Respiratory center
Chemically 
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bound

Cyclic
Periodic breathing

Cheyne stokes 
respiration.

-

Sever cardiac 
failure

Slow blood flow
Chronic heart 

failureCheyne stokes breathing
.

-Increased negative feedback gain in the 
respiratory control areas

PCO23mmHg
3mmHg

-Brain 
feed backCheyne stokes respiration
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.
Cheyne stokes breathing

Brain damageBrain damage

PCO2

Cheyne stokes 
respirationBrainMalfunction

.
Cheyne stokes respiration

PCO2's-
PCO2PCO2

PCO2

PCO2.

-:PCO2

PCO2.   
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Alveolo capillary 
membrane

Respiratory insufficiency
.

Dead space, FRC, VT, VC, Physiologic 
shuntPhysiologic Dead space
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PH:

PCO2, PO2PH
Acute 

respiratory distressAcid base balance

:

PH:

PH

PH
Voltmeter Scale

.

PCO2:

PH
:
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NaHCO2

PH
Henderson hassle balch

:. 

PH 6.1 Log

PH

.

PO2:

Polarography

-0.6
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Platinum

.
CO2, PHPO2

.
PH

.

:

Maximum Expiratory flow
:

-
A
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Compression
)

(Compression

.

Maximum expiratory flow
-B

Maximum expiratory flow
Maximum expiratory 

flow

Maximum Expiratory air flow 400lit/min

.Maximum flow

Maximum expiratory flow
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Relax

Maximum Expiratory flow
-Maximum expiratory flow

(Flow volume curves)
Constricted lungsPartially airway obstruction

TLC
RV

Maximum expiratory flow

TBSilicosis
Kyphosis, Scoliosis

Fibrotic pleurisy

.

.

TLCRV
-
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Maximum expiratory flow

Emphysema
.

-

-::
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Vital capacity:

Spirography
FVC-

A
-BFVC

)
TLC(
Spirometer

.
FVC

FVC
)

(

-A
FVC

Total FVC(FEV1/FVC%)
-B

FEV1%
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%
.

-:
AB

.

Emphysema:

Chronic pulmonary emphysema

Pathophysiolgic:
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-:
Inhalation

:

.

.

.

RV

)-(%Emphysematous
--.

Emphysema

.
:
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-:Emphysema
.

A:

Compression force

.
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B:

.
C:

Va/Q

.

-:
.

D:

Pulmonary vascular 
hypertensionRight side heart 

failure.Emphysema
)(Hypoxia
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Hypercapnia
HypoventilationLow perfusion

)(
sever prolonged devastating air hunger

HypoxiaHyper capnia
.

:

-
Pneumococci

Pulmonary 
membrane

.

Consolidation

Perfusion
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:
-.
-Va/Q.

HypoxiaHypercapnia
-

)Va/Q(

.
-:O2

.

Atelactasis
:
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Plug

(Edema)
Atelactasis

(Mediastinum and chest wall)

-

Compress

Atelacted

-

Va/Q
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Atelactasis.

-:AtelectasisO2.

Surfactant:

-

Hyaline membrane disease
Respiratory distress syndrome
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SuffocationAtelectatic
.

(Asthma):

Spastic contraction
-%

.
%

Allergic hypersensitivity
Pollen.

Non allergic 
hypersensitivity

Smog

:

IgE
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Mast Cells

Mast cell

HistamineSRS of Anaphylaxis)
Leukotrines(Eosinophilic 

chemotatic factorBradykinin

:
-

.
-Spasm

.

.
Maximum expiratory 

rateTimed expiratory volume

(Dyspnea)Air Hunger
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.
RVFRC

RVFRC
.

Tuberculosis:

:
-
-Walling off)Lesion

.(
Walling off

)(

Fibrosis
:

-
VCBreathing capacity

.
-
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Publishing Medical Textbooks  

Honorable lecturers and dear students! 

The lack of quality textbooks in the universities of Afghanistan is a 

serious issue, which is repeatedly challenging students and 

teachers alike. To tackle this issue we have initiated the process of 

providing textbooks to the students of medicine. In the past three 

years we have successfully published and delivered copies of 136 

different books to the medical colleges across the country.  

The Afghan National Higher Education Strategy (2010-1014) states:  

“Funds will be made available to encourage the writing and 

publication of textbooks in Dari and Pashtu. Especially in priority 

areas, to improve the quality of teaching and learning and give 

students access to state – of – the – art information. In the 

meantime, translation of English language textbooks and journals 

into Dari and Pashtu is a major challenge for curriculum reform. 

Without this facility it would not be possible for university students 

and faculty to access modern developments as knowledge in all 

disciplines accumulates at a rapid and exponential pace, in 

particular this is a huge obstacle for establishing a research culture. 

The Ministry of Higher Education together with the universities will 

examine strategies to overcome this deficit. One approach is to 

mobilize Afghan scholars who are now working abroad to be 

engaged in this activity.”    
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Students and lecturers of the medical colleges in Afghanistan are 

facing multiple challenges. The out-dated method of lecture and no 

accessibility to updates and new teaching materials are the main 

problems. The students use low quality and cheap study materials 

(copied notes & papers), hence the Afghan students are deprived of 

modern knowledge and developments in their respective subjects. It 

is vital to compose and print the books that have been written by 

lecturers. Taking the situation of the country into consideration, we 

desperately need capable and professional medical experts who 

can contribute to improving the standard of medical education and 

Public Health throughout Afghanistan. Therefore enough attention 

should be given to the medical colleges. 

For this reason, we have published 136 different medical textbooks 

from Nangarhar, Khost, Kandahar, Herat, Balkh and Kapisa medical 

colleges and Kabul Medical University. Currently we are working to 

publish 20 more medical textbooks for Nangarhar Medical Faculty. It 

should be mentioned that all these books have been distributed 

among the medical colleges of the country free of cost.  

All published medical textbooks can be downloaded from 

www.ecampus-afghanistan.org  

The book you are holding in your hands is a sample of a printed 

textbook.  We would like to continue this project and to end the 

method of manual notes and papers. Based on the request of 

Higher Education Institutions, there is the need to publish about 100 

different textbooks each year.  
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As requested by the Ministry of Higher Education, the Afghan 

universities, lecturers & students  want to extend this project to the 

non-medical subjects e.g. Science, Engineering, Agriculture, 

Economics, Literature and Social Science. It should be remembered 

that we publish textbooks for different colleges of the country who 

are in need. 

I would like to ask all the lecturers to write new textbooks, 

translate or revise their lecture notes or written books and 

share them with us to be published. We will ensure quality 

composition, printing and distribution to the medical colleges 

free of cost.  

I would like the students to encourage and assist their 

lecturers in this regard. We welcome any recommendations 

and suggestions for improvement.  

It is worth mentioning that the authors and publishers tried to 

prepare the books according to the international standards but if 

there is any problem in the book, we kindly request the readers to 

send their comments to us or the authors in order to be corrected for 

future revised editions. 

We are very thankful to German Aid for Afghan Children and its 

director Dr. Eroes, who has provided fund for this book. We would 

also like to mention that he has provided funds for 40 other medical 

textbooks in the past three years which are being used by the 

students of Nangarhar and other medical colleges of the country. 
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I am especially grateful to GIZ (German Society for International 

Cooperation) and CIM (Centre for International Migration & 

Development) for providing working opportunities for me during the 

past four years in Afghanistan. 

In Afghanistan, I would like to cordially  thank His Excellency the 

Minister of Higher Education, Prof. Dr. Obaidullah Obaid, Academic 

Deputy Minister Prof. Mohammad Osman Babury and Deputy 

Minister for Administrative & Financial Affairs Prof. Dr. Gul Hassan 

Walizai, Chancellor of Nangarhar University Dr. Mohammad Saber, 

Dean of Medical Faculty of Nangarhar University Dr. Khalid Yar  as 

well as Academic Deputy of Nangarhar Medical Faculty 

Dr.Hamayoon Chardiwal, for their continued cooperation and 

support for this project.  

I am also thankful to all those lecturers that encouraged us and 

gave us all these books to be published and distributed all over 

Afghanistan.  Finally I would like to express my appreciation for the 

efforts of my colleagues Ahmad Fahim Habibi, Subhanullah and 

Hekmatullah Aziz in the office for publishing books.  

Dr Yahya Wardak 

CIM-Expert at the Ministry of Higher Education, February, 2014 

Karte 4, Kabul, Afghanistan  

Office: 0756014640 

Email: textbooks@afghanic.org 

           wardak@afghanic.org 
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Message from the Ministry of Higher 
Education  

In history books have played a very important role in gaining 
knowledge and science and they are the fundamental unit of 
educational curriculum which can also play an effective role in 
improving the quality of Higher Education. Therefore, keeping in 
mind the needs of the society and based on educational standards, 
new learning materials and textbooks should be published for the 
students. 

I appreciate the efforts of the lecturers of Higher Education 
Institutions and I am very thankful to those who have worked for 
many years and have written or translated textbooks. 

I also warmly welcome more lecturers to prepare textbooks in 
their respective fields so that they should be published and 
distributed among the students to take full advantage of them. 

The Ministry of Higher Education has the responsibility to make 
available new and updated learning materials in order to better 
educate our students. Finally I am very grateful to German 
Committee for Afghan Children and all those institutions and 
individuals who have provided opportunities for publishing medical 
textbooks. 

I am confident that this project should be continued and 
textbooks can be published in other subjects too.  

Sincerely, 

Prof. Dr. Obaidullah Obaid 

Minister of Higher Education 

Kabul, 2014  
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