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By the name of Allah the Compassionate The Merciful 

 Topics of the lecture : 

1. Closing Volume . 

2. Measuring the Physiological Dead Space : 

3. The Arterial PO2 . 

Closing Volume : 

 If you were in a clinic and a patient who is a heavy smoker asked you to check the status of his 

airways (to look for any obstruction) and to stage him if he really has obstruction, then what do 

you have to do?! 

 You have to do Pulmonary Function Tests (PFTs).  

You measure the capacities and volumes. Also, measure the mid-expiratory flow rate and 

the maximum expiratory flow rate.  

 But , what if there is no obstruction detected on PFTs, then Is that true?!  

 

You have to do more sensitive tests such as the 

Closing Volume.  

 

 As you can see in the figures, the alveolar duct in 

the apex is wider than that in the base because of 

the higher negative pressure there “ -8 mm Hg“. 

 During expiration, the pressure becomes less 

negative. That may lead to compression and 

occlusion in the basal duct {narrower one}, before the 

apical {wider one}.  

 The air go to the bronchioles 

firstly is coming from the 

apical and the basal alveoli. 

When the occlusion of the 

basal duct occurs then the air is 

coming from the apical one 

only! 

 Then, the closing volume: the volume of the air that exhaled after the basal airway was 

closed.  
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After the occlusion of 

the basal air way  

“closing volume “   

 

Before  the occlusion of 
the basal air way 



 Now , how to measure the closing volume: 

by the Nitrogen Washout or Fowler's method: 

1) Asking the patient to take the tidal volume of pure oxygen {PO2 = 760 mm Hg}. 

a. In the Anatomical Dead Space (ADS):  

PN2= zero. 

PO2 = 713 mm Hg (760 -47)  

PH2O = 47 mm Hg 

PCO2 = zero 

b. In the alveoli, there is N2, CO2, H2O and O2. 

i. Most of the Tidal volume goes to the basal alveoli not to the apical alveoli 

because the basal is surrounded by less negative pressure. Then, as we said in 

previous lectures, the inflation of partially inflated lung is easier than that in 

fully inflated lung {apical} then the ventilation in the base is more than that 

in the apex. That makes the dilution of the air in the base more than that in 

the apex.  

ii. Let’s take the nitrogen, then the PN2 in the base < PN2 in the apex.  

2) Asking the patient to exhale through a special tube which is connected to a machine that 

analyzes the N2 in the exhaled air. 

3)  Then the machine draw a chart for the N2 percentage and the volume of the exhaled  air. 

 The first are in the chart, the N2% is Zero then this is 

the ADS, BUT , that is not accurate ?! >> we said we 

have conducting zone { PN2 = zero }  and 

respiratory zone{ PN2 > zero } but there is in 

between these two zones a Transitional Zone  { some 

diffusion of gases in this area , then there is  a little 

amount of nitrogen here }, then curve shouldn’t be like 

in the figure 1 but it’s as in the figure 2 .  

 then part 1 in the figure 2 is the ADS , the upper 

Shadowy triangle cancel the lower one .  

 the air start to exit from both the base and  apex  , [N2 ] is something between its 

concentration in the apex and in the base  >>> phase 2  

 the basal airway closed then the air only from the apex whose concentration as we 

said before higher than the basal so the [N2] is increased at a specific point which is 

called the closing point , at which the basal bronchioles  

 the volume from the point of closing to the Residual Volume = the Closing Volume  

Figure 1 



 in the normal people the closing point at  the residual volume then the closing 

volume equals Zero  which means that the exhaled air coming from both the apex 

and the base . 

 patients with small degree of obstruction , the closing volume becomes more than 

Zero .  

 if the obstruction increase the Closing volume also increase ; for example 100 

ml  is the closing volume of patient with small obstruction then the closing volume 

in patient with large obstruction may reach 1000 ml ( 1L) . 

 

 by measuring the Closing volume , you can see if there is obstruction or not ! and  

the degree of obstruction .  

 Nitrogen washout used to measure the Anatomical Dead Space and the Closing 

volume .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Closing point  

 

Closing volume  

Figure 2 



Dead Spaces: 

 The main function of the respiratory system is gas exchange, that’s why any part in it that 

doesn’t participate in this function is considered dead. In the previous lectures, we talked 

about the anatomic dead space, which represents the air that’s trapped in the conducting 

zone, and consequently not available for respiration (hence the name anatomic dead space). 

However, in some pathological states, some of the air reaching the alveoli doesn’t participate 

in gas exchange and thus constitute a dead space. This dead space is not due to anatomical 

limitations, but rather due to a failure of proper functioning, hence the term physiological 

dead space.  

 The physiological dead space doesn’t only include this wasted alveolar volume, but also the 

anatomical dead space. So, in terms of mathematics, the PDS= ADS+ Wasted Alveolar 

Volume.  

 Briefly, we have two dead spaces: 

- The normal anatomical dead space.  

- Physiological dead space.  

 

 At this point, one might ask, what makes these poor 

alveoli be ventilated but not participating in gas 

exchange?  

Here comes the role of proper perfusion for complete functioning of the respiratory system. 

Those alveoli, which don’t get properly perfused with blood, will be filled with air but will 

never pass its gases to the blood. This is called ventilation/perfusion defect.  

 Physiological dead space = Anatomical dead space + Wasted alveolar volume. 

 In normal situation the ADS = PDS. 

 If PDS > ADS, then there’s a ventilation/perfusion defect. 

How to calculate the physiological dead space? 

 

See the following two pages.  

 

 

 

 

 

Summary: 

- Ventilation is wasted either in 

the anatomical dead space or 

in non-perfused alveoli.  

- Wasted alveolar volume 

comes from a 

ventilation/perfusion defect. 



 

mathematically 



 



This equation is 

applied on the 

expired alveolar 

O2  as we took in 

the last lecture .  

PO2 of alveolar 

expired air = 100 

mmHg . 

 

The Arterial PO2  

 PO2 in the expired air = 116 mm Hg.  

#remember that PO2 in the expired air = ((PO2 in ADS * volume of ADS + PO2 in the 

alveoli * Alveolar air volume )/ VT) ….  

 (150*150 + 350*100)/500 = 116 mm Hg  

 

 PO2 in the alveolar air = 100 mm Hg. From where this 

number resulted!! 

Remember that the PO2 in the apical alveoli =130 mm Hg  

PO2 in the basal alveoli = 90 mm Hg. 

# Remember that we said in the last lecture the amount of air 

coming from the basal parts = three times that coming from 

the apex then 

 the alveolar  PO2 =( 3* PO2{basal } + apical PO2 ) /4  

Alveolar PO2= (3*90+130 /4) =100 mm 

 

 The oxygenated blood will return to the left Atrium. This blood is coming from the apical and 

basal alveoli BUT blood from the Apical alveoli have PO2= 130 mm Hg and from the Basal 

Alveoli PO2= 90 mmHg . in the Left Atrium , mixing of the two blood .  

 Remember that we said in the last lecture the amount of air coming from 

the basal parts = three times that coming from the apex then 

 the arterial PO2 =( 3* PO2{basal } + apical PO2 ) /4  

 Arterial PO2= (3*90+ 1*130) /4 = 100 mm Hg but actually that doesn’t 

occur and the arterial PO2 = 95 mm Hg not 100 mm Hg, 

also it’s important to know that the arterial PCO2 won’t change as the 

PO2 ; PCO2= 40 mm Hg .  HOW COME?!  

1. Venous admixture.  

2. The Hb-O2 dissociation curve is sigmoidal 

 

 Venous Admixture:  

 Mixing the venous and arterial blood together {venous blood is polluting the arterial blood}. The 

venous blood coming from many sources: 

A. Bronchial veins; the bronchial veins mainly drain in the pulmonary veins which carry 

oxygenated blood to the left atrium then these bronchial veins pollute the pulmonary 

veins.  



These numbers are for 

memorizing. 

 

 

B. Cardiac veins {50% into the right ventricles and 50% into the left ventricles } 

C. 2% of the blood that goes to the lung never has the chance to reach the alveoli; these 

2% bypass the capillaries by passing through the Arteriovenous {AV} shunt/ 

anastamosis. 

 The Hb-O2 dissociation curve: 

 Blood volume : 

A. In male: 7% of body weight.  

B. In female: 6% of body weight.  

C. In the newborn: 8% of body weight.  

 If the patient is male and his weight is 70 kg >>> the Blood 

volume =4.9 Liters “ 5L”  

 5 L= 5000 ml =5 million  μl  

 Each  1  μl contain 5 million RBC   

 Each RBC we have 280 million Hb  

 One Hb molecule contains 4 chains ( 2 alpha chains and two beta chains ) 

 Each Alpha chain have 141 amino acids , each beta chain contains 146 amino acids.   

 One Hb has 574 AAs. Let’s say 600 AAs.  

 The molecular weight for the Hb = the average molecular weight for the a.a *the 

number of a.as   

MW for Hb = 110 * 600 = 66000 g/mol  

  The Hb also contain heme group which contain ferrous that binds reversibly to oxygen >>> 

each one Hb can bind to 4 oxygen molecules.  

When Hb binds to 4 oxygen it’s 100% saturated. 

 

 The normal Hb concentration: 

male 14-16 g/dl 

female 12-14 g/dl  

our reference is male then we take 15 g/dl  

 1 g/dl of Hb can bind reversibly to 1.34 ml/dl of oxygen 

then 15g/dl of Hb can bind to 20 ml (( 15*1.34  ))  oxygen  

 When the Hb is 100 % saturated then the oxygen concentration is 20 ml/dl. 

 The arterial blood “fully saturated“ contains 20 ml oxygen/dl of blood, venous blood 

contains 15 ml/dl of O2 {it’s not accurate to say that the venous blood is Deoxygenated, it’s 

better to say it’s poorly oxygenated}; that means the cells extract only 5 ml/dl.   

 

RBC always per μl not 

ml or L.  

 



Cardiac 

output = 5 

liter = 50 dl  

The compliance 

curve of the aorta , 

by the age the 

compliance would 

decrease , then the 

pulse pressure 

increase  

 

 Extraction ratio = the concentration of O2 in the arterial – the concentration of O2 in the 

venous blood    

the concentration of O2 in arterial or venous measured by taking a sample  

 The O2 consumption = the cardiac output * extraction ratio 

The O2 consumption = 50 dl * 5ml/dl = 250ml. 

 

 The O2 consumption can be measured by asking patient to respire in a 

closed bag for 10 minutes, and then you are able to measure the cardiac 

output. 

 From the O2 consumption we can measure the cardiac output and vice versa. 

 

 Now, let’s move up to the Hb-O2 saturation Curve:  

 The curve is Sigmoidal ( Sigma_like Shape ) Not Linear. 

 There are three phases “similar compliance curve of the 

lung“: 

1. Phase 1: increase the oxygen too much but there is little 

binding. 

2. Phase 2: sharp/ steep  part {any change in the availability change the 

saturation}. 

3. Phase 3: plateau. 

# remember:  

 The oxygen binding kinetics “Sequential model of cooperativity “. 

  

 

 

 

 

 

 

 In this curve we are going to focus on four numbers: 

1. PO2= 100 then the saturation is 100% , when the PO2 > 100 { for example PO2 =130 

mmHg }  the saturation still 100% “ Plateau“  

 { that means , if the PO2 > 100 mmHg then that won’t make the Hb carrying more oxygen 

because it’s already saturated}.  

 We mix two blood PO2= 100 and the second PO2 =130 then because both are 

fully saturated with oxygen then the mixing won’t end up with PO2 =115 mmHg. 

That’s what really happening in the left atrium the blood is coming from the apical 



and basal alveoli, the apical won’t compensate the blood with low oxygen because 

they are fully saturated! {saying its Po2= 130 mm Hg does not  mean that blood 

having additional 30 % of oxygen}.  

 The hyperventilated lung  is unable to correct the hypoventilated lung in case of 

blood  but in case of air mixture  the hyperventilated correct the hypoventilated  

as we saw in the expired air.  

 

2. PO2 =60 mm Hg then the saturation is 90%; decreasing the PO2 by 40 degrees but the 

saturation only decrease by 10 degrees!!  

we said before when the blood is saturated 100 %, the concentration of O2 is 20 ml/dl then 

if the blood is saturated 90% then the concentration of O2 is 18ml/dl, the cells only extract 

5 ml/dl then everything is ok.  

* the body cannot tolerate reduction of any of hormone or ions by 40% but can tolerate 

reduction of O2 by 40%! bcz of the shape of the curve. 

 

** But when the PO2 < 60 then the saturation starts to decrease very sharp “ In danger “ 

*** the set point of  Respiratory control center is at PO2 =60 mm Hg.  

 TO sum up : 

I. From PO2 =100 to PO2 = 60 then the center won’t sense this reduction and no 

stimulation to the diaphragm then ventilation won’t change. 

II.  Under the PO2 of 60 mm Hg, the center senses this reduction and stimulates the 

diaphragm then ventilation will increase.  

III. Above the PO2 of 100 mm Hg, the Respiratory control center won’t sense  No 

suppression of the ventilation!!! even though the PO2 become 200 mm Hg then 

because the PO2 of 200 doesn’t mean increase in oxygen , the Hb is already 

saturated! 

 

 The Respiratory control of oxygen have only half tail, How?! 

any change above 100 the 

control system won’t care 

about, also the reduction until 

reach the PO2 =60 the control 

system won’t care about. But, 

when the PO2 < 60 mmHg 

then the control system will 

sense and try to compensate! 

 



Some Notes for independent and dependent variables 

 X axis : independent variable  , whose variation does not depend on that of another. But affect 

the dependent variable .  

 Y axis : dependent variable , whose value depends on that of another. 

 Group of 10 members what determines the velocity of them “dependent variable ( Y axis ) “  is 

the velocity of the slowest one “ the independent variable (X axis) “ .  

 If we want to present the relationship between the Cardiac output and the venous return then 

which is the X axis ? Which is the Y axis ? 

                        The heart is working to get rid of the blood in it , then the venous return is the 

independent variable “ X axis “ and the Cardiac Output is the dependent variable “ Y axis “.  

You can put the cardiac output in the X axis but it’s more accurate to put it the Y axis .  

 

 Here we want to represent the relationship between the O2 availability “presented by the PO2 “ 

and the saturation of the Hb , The Hb binds to oxygen if the oxygen is available >>> the 

availability of oxygen in the plasma is independent variable “ X axis “ and the saturation is the 

Y axis .  

 

3. PO2 =40 mm Hg ( venous blood ) , the saturation is 75% because in the peripheral tissue 

25% of O2 is extracted ( 5 ml/dl) 

4. PO2=28 mm Hg , it’s the P50 {the partial pressure of oxygen when 50% of Hb is saturated). 

 

 why the  Arterial PCO2 stays 40 mm Hg ?! 

 The CO2-dissociation curve at physiological range is linear and not sigmoidal; meaning any 

decrease or increase in PCO2 corresponds to the same change in the content of CO2 (this is 

not found in the Oxygen). 

 when there is Hypoventilated area in the lung ( PCO2 is high ) and another area is Hyper 

ventilated ( PCO2 is low ) they can correct each other { self compensatory gas  }  

 self compensatory gas  >>>  that means any slight change { increase or decrease } in CO2 

content will be immediately sensed by the respiratory control centers to correct the change 

back to the normal 40mmHg .  

that is not true in regard to oxygen remember what we discussed about PO2 =200 

mmHg ! 

 

Sorry for any mistake ^^ 

Shout out to my awesome squad  <3 

Ayat M.Zghoul  


