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Physiology 

of the 


Small Airways
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cannot be 
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Your 

Questions


1) Is the physiology of a 
small airway different?


2) and Why should I care?


Pathophysiology of Asthma�
Common Wisdom
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“Silent Lung Zone” 
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Weibel In Sci Foundations Of Lung Disease 

What is a SMALL Airway ? 

Est. 44,000


Structure has Consequences 

Green M    St Thomas Hosp Gazette 62:136 1964 

8ηl 
R = 

nπr4 

Macklem PT and Mead J App Physiol 22:395 1967 

Retrograde Catheter Paleophysiology
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Macklem and Mead J App Physiol 22:395 1967 

Retrograde Catheter Hogg et al N Engl J Med 278:1355 1968


Hogg et al N Engl J Med 278:1355 1968
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Control of Airway Caliber & Patency 

Smooth Muscle


Nerves


Structure


VOLUME


?


Green M    St Thomas Hosp Gazette 62:136 1964 

From Hogg JC. 1978. The Respiratory Airways. In Clinical Aspects of Respiratory Physiology, ed. CA Guenter, MH Welch, JC Hogg, pp. 38-71. 
Philadelphia: J.B. Lippincott Company 
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Bosse et al Ann Rev Physiol 72:437 2010


Mechanisms of Airway Obstruction


Normal subject        Asthmatic subject 

Peripheral Airways 

Narrowing of Parallel Airways


16 Fold 


8ηl R = 
πr4 
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And Now for a Little Circuit 
Theory


Obstruction of Parallel Airways


4 Fold 


So obstruction is better than narrowing!


Large and small airways in asthma 

Central 

Peripheral 

Normal asthma 

Mauad, Bel, Sterk. J Allergy Clin Immunol 2007;120:997-1009 
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Retrograde Catheter Hogg et al N Engl J Med 278:1355 1968


How do we assess small airways in living people?


Yanai et al J Appl Physiol 72:1016 1992


Intrabronchial Pressure Measurement


Measurement of Peripheral Resistance (Rp) or 
collateral ventilation


Mitzner.  In:  The Lung 1997


Paleophysiology 
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Peripheral Airway Resistance


Wagner, ARRD 151:548 1990
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Kaminsky et al AJRCCM 152:1784 1995


The Signal is the Noise
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Kraft et al AJRCCM 163: 1551 2001 


The rise in Rp is correlated AHR
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Assessment of The Small Airways


•   Frequency Dependence Mechanics  

•   Closing volume 

•   FEV1 and FVC  

•   Residual Volume 

•   Imaging Techniques 

P T Macklem  

Woolcock et al  J Clin Invest 48:1097 1969


Criteria for Small Airway�
     • RL ~ normal

     • PV ~ normal

     • Freq dependant C or R


Frequency Dependence of Compliance
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Bhansali et al J Appl Physiol 14:161 1970 

Charlie 

Closing Volume/Capacity
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p = .02


p = .03


in’t Veen, et al.  Am J Respir Crit Care Med.  2000;161:1902-1906.


Small airways function and exacerbation rate 
in asthma


Bourdin et al. Allergy 2006;61:85-89 
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Wagers, Jaffe and Irvin In Allergy: Principles & Practices 2004 

FRC 

RV 

Lung attenuation & asthma control
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Mitsunobu et al, ERJ 2003 

Images courtesy of the Center for In-vivo Hyperpolarized Gas MR Imaging, University of Virginia. 
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Brown et al J Appl Physiol 101:30 2006


Brochodilator Response is Airway Opening
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13


Residual Volume vs Rp
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r = 0.59

p = 0.03


r = 0.71

p = 0.004


Kraft et al AJRCCM 163: 1551 2001 


FEV1 liters
 0.16 ± 0.06  
 p< 0.01


FVC  liters
 0.18 ± 0.07
 p< 0.01


TLC   liters
 +0.06 ± 0.05
 NS


Vtg     liters
 -0.13 ± 0.05
 NS


RV     liters
 -0.13 ± 0.06
 p< 0.05*


Rus  (cmH2O/lps)
 -1.39 ± 0.74
 NS


Changes in Lung Function on Montelukast


Kraft et al Chest 2006 130:1726


-1


-0.5


0


0.5


1


1.5


BL
-A

M
 c

he
st

 ti
gh

tn
es

s-
m

on
te

lu
ka

st



-0.4
 -0.2
 0
 .2
 .4
 .6

BL-RV on montelukast


r (Spearman)   0.55 

p = 0.04


r (Spearman) 0.20  

p = 0.41


-1

-0.5

0

0.5

1

B
L
-
A

M
 c

h
e
s
t 

ti
g
h
tn

e
s
s
-
p
la

c
e
b
o

-0.5 -0.4 -0.3 -0.2 -0.1 0 .1 .2 .3 .4

BL-RV on placebo

Am Chest tightness correlates with RV


Kraft et al Chest 2006 130:1726




14


•  FEV1 and FVC are decreased


•  FEV1/FVC ratio ~ normal


•  TLC is normal or high


•  And RV is high


•  Closing volume ±


Small Airways Assessment


•  RL within normal limits


•  Normal PV curve


•  Frequency dependence of CL


Circa 1969
 Circa 2012


Control of Airway Caliber & Patency 

Smooth Muscle


Nerves


Structure


VOLUME


Smooth Muscle

Luminal contents

   - mucus

   - liquid

   - fibrin

   - surfactant

SHEER NUMBER


Why Should I Care about the Small Airways 


1.  Small airways contribute to the severity and 
phenotype of asthma


2.  Small airways disease determines both AHR and 
symtoms


3.  Effects of Ultrafine medications may be due to 
selective action on the small airways  


4.  It needs to be established whether and which small 
airway tests can be used to predict clinical course 
and to guide targeted therapy




15


Acknowledgements:

●  Denver:


●  Sally Wenzel

●  Juno Pak

●  Monica Kraft

●  Richard Martin


●  Montreal:

●  Peter T Macklem


●  Baltimore

●  Robert Brown

●  Alkis Togias

●  Sol Permutt


Supported by the NIH K08HL04499, R01HL084200, & P20RR155557


●  Vermont:

●  David Kaminsky

●  Jason Bates


●  Vacouver:

●  J Hogg

●  P Pare



