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هذا الكتاب تقدمة من شركة

يونايتد فارما
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Spirometry
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)Spirometry()(

)]TLC([
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)FEV1.(
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 FEV1 )TLC(

 .

 FEV1  .

) ( 

 . FEV1 

 

  FEV1 

  .

)IC (/)VC (

FEV1  .  

:  

 Spirometry :  

( )baseline (. 

( . 

(  . 
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 Spirometry :  
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 Spirometry  .

 .

 Spirometry 

:  

 

  . Spirometry  

  .
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 . 

 )

 Extrapolated volume] EV < 5%  FVC.([ 
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 . 

 FEV1 FVC .
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:  

  

  

:  

FEV1  FVC 
FEV1/FVC   .

 .

/ 

.  

) (% 

FEV1/FVC    GOLD 

 .

 

  .

 

.  

  Spirometry 

FEV1/FVC 
 %

.  

  

 :  

 FVC   FEV1/FVC 

)TLC (  . 
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TLC 

.%  

Spirometry:  

 Spirometry  FVCFEV1

FEV1/FVC  .

) (  

 .

 FVC FEV1 %

FEV1/FVC  -  % . ATS 

 %

.  

 FVC  Spirometry 

FEV1/FVC 

Spirometry  FVC .  

Spirometry  

 . FVC /FEV1 :  

(  : %. 

(  :–  %. 

(  : –  %. 

(  : –  %. 

(  : %. 

 –  % )FEF 25 

- 75% ( %
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  %

 . FEF 25 - 75%  .

 Spirometry  %

FEF 25-75%  .

) (% FEF25-75% 

 .FEF 25-75% 

  

 FVC 

)IPF( .  FVC 

 - % .

)TLC (.  
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- :  

)   (

Spirometry.  

ATS 

 %  FEV1 FVC – 

  .) 

  () (

 .

 . 

)   (  

 . .

.  

-   

Methacoline Challenge Test  

  

:  

)Mecholy (

Asthma 

Hyperresponsiveness .  

  

:  

- : 

( FEV  . 
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( . 

( MI C.V.A  

. 

( . 

- : 

( Moderate 

airways obstruction. 

( Spirometry. 

( : 

 . 

 . 

 . 

 . 

:  

:  

- SABA : . 

- LABA : . 

- Oral BA : . 

- Methylxanthines  : . 

- Methylyanthines  : . 

- Anticholinergic:  . 

- Cromolyn Sodium : . 

-  : . 

:  

-)5 stage 

dosing ()10 stage dosing (. 

- 

Baseline Spirometry



18 
 

) Diluent stage( 

. 

- Spirometry 

) diluent aerosol( saline

).( 

- : 

0.0625 mg/ml, 0.25 mg/ml, 1 mg/ml, 4 mg/ml, 16 mg/ml. 

- : 

- 0.031 mg/ml, 0.0625 mg/ml, 0.125 mg/ml, 0.25 mg/ml, 0.5 mg/ml, 1 

mg/ml, 2mg/ml, 4 mg/ml, 8 mg/ml, 16 mg/ml. 

- FDA : 

0.025 mg/ml, 0. 25 mg/ml, 2.5 mg/ml, 10 mg/ml, 25 mg/ml. 

- FDA 

ATS ).( 

- )Dosimeter( 

 . 

-  

Spirometry . 

- FEV  %

/ ./ 

- . 

:  

-  %FEV . 

- 

FEV. 

- )PD20 PC20(  .

FEV  %. 
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- 25 mg\ml 
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- . 

- Nonspecific bronchial yperreactivity 

COPD 
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 FEV1 

 . FEV1  

 %.  

 .

)()<(

.  

  FEV1 

FEV1 )Postoperative FEV1 .(

 .)Q (

:  

FEV1  =FEV1  ×Q% .  

 FEV1  %

 FEV1 × =  . FEV1 

 

 .

 FEV1 

   %.  
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:

Residual lung volume

:

FRC:

Helium Dilution Lung Volumes

Nitrogen Washout Lung Volumes

Static Lung Volumes

Lung Subdivisions

)(
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:  

.  

:  

- 

. 

:  

- Nitrogen Washout)  ( FRC 

. 

- FRC )1.5 × 

 (gas dilution. 

:  

 

)VC.( 

 RV 

TLC. 

 

) (FRC)  (

. 

 FRC:  

- Insert gas dilution . 

- Nitrogen Washout) .( 

- Whole – body Plethysmography. 

- 

. 
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-FRC:

-FRCPleth

.

-.

-FRC

FRCTLC – RV

 .

wash out / wash in)/ (

.

- :

.

:

-:

.

)(
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<1 Hz 

)( FRCpleth  

)1-0.5(Hz  –  

.  

-  : 

. 

.  

 

.  

:  

ITGV / FRC ) (

.  

FRC = ERV + RV  

ERV: Expiratory Reserve Volume  

.  

RV.  

TLC V.C RV.  

RV   

FRC FRC  5% 

TLC – IC – RV   

 VC FVC 0.15 

.  

:  

- ) : (: 

RV TLC .  
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- 

)RV.( 

- RV :. 

- : 

. 

- O'Donnell: 

- BMI 

. 

FRCRV 

IC) 

FRC.(  

- 

IC FVCFEV1. 

- 

) ( .

 . 

- : 

- TLC  RV   .

 :

. 

- )– – – 

.(  
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:  

  
STATIC COMPLIANCE  

  

:  

 *CL  .  

 *Cw  .  

 *CRs  ). (  

.  

 

 .

  

.  

 :         Compliance   

-  TLC FRC RV 

)

 (  

 .  

-  /  

 .  

- 

.  
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 . 

-)Cw ( )CL ( .

:

)in vitro (

.

AB
FRC

.

)CRS.(

FRC

surfactant .

)(
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:  

  

.  

( :lung compliance     

) (.  

) (

ARDS.    

 (Chest wall compliance     

 hide-

bound chest  circumferential  

.  

  

 .  

 in vivo   :   

 ) (

  .  
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 .  

:  

:200 /      )2 / (  

:150 / )1.5 / (  

:85 / )0.85  /  (  

: 

  .  

 ) ( 

.  

 = +  . 

:  

 

  

.  

: 

 *

. 

 * ARDS) 

 . ( 
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:  

  

AIRWAY RISISTANCE 

  

 : :  

 .

 Laminar 

 flow 

 :   

 R =  / .  

 poiseuille 

 :  

  R=8× × / × )( .  

 ) (

.  

 

  .  

 :  

:  

*   .  

 *.  
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:  

- :  

1– :Airway tone  

 

  

B .  

 30% .  

2 – :Lung volume    

    

  FRC .   

3 -  :Flow – related airway collaps   

 - :  

1 – :Airway obstruction        

 )

 (   .  

2 – :Asthma   

.  

  :  

  plethysmograph 
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 .  

 RawFRC  

Gaw  sGaw 

/ .  

:  

)Raw( 1.5 – 2  ./     )FRC                                                         ( 

 .  

: 

 

   . 
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"DLCO"
:

-DLCO:

Diffusing Capacity of Lung for Carbon Monoxide

)ml/min/mmHg.(

-TLCO)Transfer Factor of Lung for Carbon Monoxide

Co ()mmol/min/kilopascal.(

-CoKco

DLCO)DLCO/VA (VA

.)(

:

-.

-

.

-

.

)(
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:  

- . 

- 

Co . 

:  

- DLCO) TLCO (

Co 

. 

- 

)Spirometry Lung Volumes (

RV /TLC. 

-  ATS

ERS 

. 

- 

AcceptabilityRepeatability

)Rapid – responding gas analyzer(RGA. 

RGA 

.  

- – )Single-Breath (

. 

- DLCO–SB 

RV)Test gas (

TLC .Co

Tracer gas. 

-   

)Sample bag (

)Sampling port (RGA 
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0.75 – 1 L 

. 

- )0.75 – 1 L (Co. 

- RV 

Co 

. 

- Co Co 

. 

- TLC 

DLCO. 

 

 

:  

- 

DLCO 

. 

- Predicted DLCO 

Measured . 

- DLCO 

)Carboxyhemoglobin (Co 

1% CoHb 2% DLCO. 

- DLCO 

Barometric Pressure DLOC 

0.5%  . 

:  

- ATS/ERS  

DLCO . 
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- 

. 

DLCO:  

- VI)  ( %

VC )Spirometry.( 

-  %)VI ( . 

- /    /)

Valsalva or Mueller maneuver.( 

-  . 

DLCO:  

- )0.67 mmol/min/kpa 2 

ml/min/mHg.( 

DLCO :  

- /A:/ 

(   %  % VA  0.2 L  %

  VA    . 

(     - . 

(        . 

- / B:/ 

( <  %. 

(     - . 

(        . 

- / C:/ 

( <  %. 

(     - . 

(         . 

- / D:/ 
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( <  %. 

(          . 

        . 

- / F:/ 

(     %. 

(           . 

(         . 

- )A (Acceptibility 

)A (. 

)A ()B,C,D (

.  

)F (.  

- )Hemoglobin (

)Measured ()Predicted (. 

  

DLCO:  

- DLCO VA)   (

DLCO. 

- VA KCO)  (

. 

- : 

 . 

 ).( 

 . 

- DLCO Pulmonary Emphysema. 

- DLCO KCO 

Interstitial Lung Disease. 
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-  /) (

DLCO KCO. 

- )Anemia (DLCO 

. 

- DLCO )

pulmonary proteinosis.( 

- DLCO : 

 . 

 . 

 . 

 – . 

 DLCO ).( 

 :COPD DLCO 

.  
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:

Arterial Blood Gases

 :

)ABG ()PaO2(

)PaCO2()pH(

)O2CT ()SaO2()HCO3 (

.

)(
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ABGs ventilationoxygenation

-acid-base status :  

  :

)COPD()Cystic Fibrosis (. 

 -

. 

 )

.( 

 .  

 

) -mechanical ventilation.( 

 )

.( 

 COPD 

Hypoxic Drive . 

  

.  

:  

  . 
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  . 

 

 . 

  /

.  

) ( :  

. )radial artery (

  

)femoral artery (

)brachial artery (. 

. . 

. )Allen test (

)ABG (

. 

. : 

 . 

 . 

 ).( 

  . 

 . 

   

) 
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 PH PaCO2 HCO3 PaO2  
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-

 
 -  - 

 -

  

 

-

 
<  - > 

 

PaO2PaCO2  

 / 

 

 PAO2 PACO2: 

 -  /

.  

  = - 

VD - VT = VA 

  =X) -

.(  

(VD - VT) X F = VA 

 : 

 VA= - .  

 V E = V A- VD   

V E :X .  

VD :X .  

PAO2 PACO2 

)  (  
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PAO2 PACO2  

/.  

PACO2 

 - .PAO2 

  .

PACO2 PAO2.  

 PaCO2 V CO2:  

 VA 

V CO2 

 .

 

PaCO2:  

PaCO2 =V CO2 ÷VA  

  /V CO2 /VA 

: 

PaCO2) =(V CO2X 0.863  ÷ VA  

 PaCO2PaO2:  

PaCO2 PaO2

) (
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PaCO2 PACO2.  

PAO2 = FiO2 X (PB - 47) - PaCO2 X [FiO2 + (1 - FiO2) ÷ R] 

 :PAO2 :).(  

FiO2 :.  

PB :).(  

47 :)  ().(  

PaCO2 :).(  

R :)V CO2 ÷V O2 ( .  

:  

PAO2 = PiO2 - (PaCO2/0.8) 

:PiO2 : . 

 .

.  

.  

)  (FiO2  

 PiO2  :  

PiO2 = FiO2 (PB - 47) = 0.21 (760 - 47) = 149 mm Hg 

PB .  

:  
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PAO2 = PiO2 - (PaCO2/0.8) 

PaCO2  PAO2   .

PaCO2 PAO2

PaCO2 PAO2  

.  

[P (A-a)O2] 

  

  .  

 PAO2 PaCO2 

PaCO2  PiO2  PAO2 

-

 . 

   :PaCO2 

PaO2  .PaCO2 

 PaO2  . 
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 :  

  

  
 acidosis 

 

PH:  

CO2:  

: 

 
Carbonic anhydrase (CA) 

.  

Ka

 

Ka = [H]+ [HCO3]- / [H2CO3] 

 :  

[H]+ = Ka [H2CO3] / [HCO3] 

:  
PH = PKa + Log { [HCO3]- / [H2CO3] } 

[H2CO3] CO2 

K-hydrationPCO2 

:  

PH = 6.1 + Log { [HCO3]- /  PaCO2 } 

[ ]  constant .  

Henderson-hasselbalch equation.  
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PH HCO3 

CO2 / PH .  

PCO2HCO3 

PH.  

  

 :Metabolic disorder:  

 Metabolic acidosis :

CO2 )

 (] [HCO3
-

CO2 HCO3
- / CO2 . 

:  

 . 

 . 

 . 

 . 

 A  :. 

 B  :. 

 

 Metabolic alkalosis :

H+ HCO3
- 

HCO3
- 

PCO2 HCO3
- / CO2 PH . 
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PCO2 

.  

:  

  :)NG tube.( 

 .  

:  

  HCO3
- 

PCO2 . 

 PH 

.  

 :Respiratory disorder:  

PCO2 

HCO3
- / CO2 

.  

 /

 /.  

):(  

  :COPD

)OSA()ARDS 

. 

   : 

  / . 

  )

.( 
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 ) 

.( 

 ).( 

 ).( 

 )

 .( 

  

):(  

 . 

 . 

 )

.( 

 ).( 

 )

.( 

  

  

 :Mixed disorder:  

PCO2 PH .  

DERIVED PARAMETERS :  

PH PCO2 

.  

Standard bicarbonate :  

PCO2 )  (

.  
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.  

Base excess:  

PH = ) 

PCO2   (PCO2 

 .- + /.  

) (

.  

:  

. PH  

 PH  > 

     PH  < 

.  PCO2

. 

   :PCO2    < ) (Kpa  

    :PCO2    > )(Kpa  

. PH 

.  

  > . 

  < . 

. PH 

PH PCO2 

 :
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PH 

 .  

PH

.  

:  

 /

 .- 

)(

.  

PCO2

CO2 ) (

.  

 CO2 ).(  
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:  
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) (

. 

- 

. 

- 

. 

- 

 :

. 

- )5 ()

(. 

- 

. 

- 

)5 (

. 

- 

 . 
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:  

- 

SpO2 

).( 

- 

)(SpO2 .

SpO2. 

- 6 

 .

100 

) (5  .

) .(

)

 .(

)Borg Scale .( 

 

:  

)   :SpO2 :. 

SaO2                            :(. 

- 

)SpO2 (

)SaO2.( 

- 

)SaO2 -  SpO2 (
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. 

- SpO295% 

ABGs) 

 ( . 

- 

SpO293%. 

- 

4% SpO2)baseline reading.( 

- 

: 

PaO2  55 mm Hg          ,          SaO2  88%          ,          SpO2  88% 

 

- 4 /PaO2

)SaO2SpO2 (. 

- 

PaO2 >  55  mm  Hg SaO2/SpO2> 88%  

: 

 ) (

. 

 )P (

)gated blood pool scan) ( 

 (. 
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 <56%. 

:  

):  

Oxyhemoglobin       :.  

Deoxyhemoglobin    :.  

Reduced hemoglobin :.  

Carboxyhemoglobin  :)Co.(  

Methemoglobin        :Fe+2Fe+3(.  

  

- )Co Hb ()met Hb (

SpO2. 

- 

 .SpO2

 .

)Co Hb , met Hb (SpO2. 

- 

)PaCo2 (

. 

- 

SpO2 = 85% .

. 
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- SpO2 .

Co Hbmet 

Hb ).( 

- 

Co Hb met Hb )

.( 

- 

Co Hb met Hb)  .( 

  

- 

2-3% 

. 

- 

)SaO2 - SpO2< 2% (SpO2 

 .

 SpO2. 

- SaO2 ABGs 

 .ABGs 

88%. 

- 

PaO2

SaO2. 

-  

).( 
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- ) (

)PaO2(

)Co Hb , met Hb (

SpO2 2-3%. 

:  

- SpO2 

Co Hb met Hb

SaO2 85%. 

- SpO2 

SpO2 .

 : -  - 

SaO2 85%. 
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 )NO (
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)NO (

-NO)FENO ()

 ( .

.

-FENO

FENO.

-FENO

.

-FENO

.

)(
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:  

FENO :  

 . 

 . 

 

)ICS.( 

 FENO 

. 

 . 

 

 ) - - 

- -  .( 

 

:  

- FENO 

 .

FENO .

FENO 

. 

- NO 

) (NO 

5 ) (

)NO 

NO .( 

- . 
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-  . 

:  

)4:( FENO :  

 6  

 

FENO < 25 ppb 

)< 20 ppb( 

- .  

- .  

- ICS. 

 

 

FENO 25-50 ppb 

)20-35 ppb( 

-               

.  

- .  

- FENO .  

- 

. 

 

FENO > 50 ppb 

)> 35 ppb( 

- .  

- ICS. 

ppb: part per billion.  
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)5:( FENO ):(  

   

 

FENO < 25 ppb 

)< 20 

ppb( 

- 

.  

- 

ICS. 

- ICS .  

- .  

- 

ICS 

. 

 

 

FENO 25-50 ppb 

)20-35 

ppb( 

- .  

- ICS.  

- )

.(  

- . 

- ICS .  

- .  

- 

FENO. 

 

FENO > 50 ppb 

)> 35 

ppb( 

- .  

- 

).(  

- ICS.  

- 

.  

- . 

- ICS 

.  

- 

 

).(  
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:

Cardiopulmonary stress testing 

:

) (:

(.

(

.

(.

(.

(.

)(



73 
 

:  

)SaO2<85% 

(.  

 ).(  

 :  

 .

-  .

 .

 . .

 .

 .  

 :  

 .

 . -  .

-  .

)

 (

 : 

  

)>  (%

.  
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:

)VO2 peak (

)(

VO2

VO2// .

)(
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:  

   

 

Six – Minute Walk Test  

.  

)  (

.   

.  

)  .(

pulse oximetry 

.  

- 

. 

- MCID   COPD – 

PAH – IPF. 

 

)(  
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:  

- ).( 

- ) - – .( 

:  

– :  

- . 

- . 

- . 

- . 

-  /. 

- . 

- . 

- . 

- . 

- . 

- . 

- . 

- Spo2< 85% . 

- . 

- . 

- )– 

– .( 

:  

- . 

- . 

- . 

(Bp 200 mm Hg: Systolic , 120 mm Hg: diastolic) 

- . 

- . 
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- . 

- . 

- . 

- . 

-  . 

:  

- . 

- . 

- . 

- . 

- . 

-  :

6mwt 

 . 

- . 

- spo2 – – 

– – . 

:  

-  . 

-   . 

-  

. 

-  

. 

-  . 

-  
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: 

- 

. 

- 2014  ATS/ERS spo2  %

. 

- spo2< 80% 

 %. 

: 

- . 

- 

spo2 

. 

:  

 

spo2.  

:  

  

.  

:  

- :    -  . 

- :    -  . 

- : . 

- : – . 

- :  - . 

- : . 

 spo2.%  

  .  
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.  

Brog.  

:  

.  

.  
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