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Questions
1) Is the physiology of a
small airway different?
2) and Why should I care?
oy Pathophysiology of Asthma
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Structure has Consequences

AIRWAY_RESISTANCE R= 8nl
x

- 2 ngrt
Q s X
g > x
2
S x
?‘o x

iy x
F
2 %
B x

x
x
By
20+ 13

7 3 13
GENERATION NUMBER

Figure 2. Calculated total resistance of each generation plotied against
ion number.

Green M St Thomas Hosp Gazette 62:136 1964

PLEURAL
SURFACE

RETROGRADE
CATHETER

FIG. 1. Diagrammatic illustration of the retrograde catheter in
position. It extends from the bronchial lumen, through the bron-
chial wall, parenchyma, and pleural surface.

Macklem PT and Mead J App Physiol 22:395 1967
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¥G. 5. Mean values = st for KL and Rp at different lung

volumes in cight living dogs. At 10% VC data were obtainable in

only six dogs because the catheter tended to become obstructed at
these low lung volumes.

Macklem and Mead J App Physiol 22:395 1967
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FiGuRe 2, Data from Tuwo Retrograde Catheters in @ Normal Person
(Case 1).

The measurement of R, is reproducible with different catheters, and

the peripheral resistance is less when the catheter was placed in the

121th generation than it was when the catheter was in the 9th generation.

Hogg et al N Engl J Med 278:1355 1968
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Figure 2. Calculated total resistance of each generation plotted against
generation number.
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2-5 conductance of lungs from subjects of varying ages. The central and

Although the central airways conductance

are plotted separately

crease their

about age 5. This is thought to be duc to the fact that the peripheral a
radii relatively slowly during the first few years of life, but later, these increase very

strikingly
rom Hogg JC. 1978. The Respiratory Airways. In Clinical Aspects of Respiratory Physiology, ed. CA Guenter, MH Welch, JC Hogg, pp. 38-71
Phiadelphia: J.B. Lippincott Gompany
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Normal Narrowing Closure Occlusion Obliteration

Bosse et al Ann Rev Physiol 72:437 2010

Peripheral Airways

Normal subject Asthmatic subject

Narrowing of Parallel Airways
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And Now for a Little Circuit

Theory,
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Obstruction of Parallel Airways
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So obstruction is better than narrowing!
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Large and small airways in asthma

Normal

Central

Peripheral




» How do we assess small airways in living people?
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Wires
conducting

Sensor signals

Wedge portion

Yanai et al J Appl Physiol 72:1016 1992

Paleophysiology

Measurement of Peripheral Resistance (Rp) or
collateral ventilation

Mitzner. In: The Lung 1997
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Wagner, ARRD 151:548 1990
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Assessment of The Small Airways

* Frequency Dependence Mechanics

* Closing volume

FEV1 and FVC
» Residual Volume

» Imaging Techniques

Central
Qairways >2 mm

Peripheral
Qirways <2mm

Normal tRe tRp
Central resistance o9 18 o9
Peripheral resistance o.1 o1 oz
Total airways resistance 1.0 1.9 LI

P T Macklem

X100
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Woolcock et al J Clin Invest 48:1097 1969

Frequency Dependence of Compliance

Criteria for Small Airway

* RL ~normal

* PV ~normal

 Freq dependant C or R
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Bhansali et al J Appl Physiol 14:161 1970

L] Unstable asthma

1501 [J Stable asthma
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in't Veen, et al. Am J Respir Crit Care Med. 2000;161:1902-1906.

Small airways function and exacerbation rate

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

Lung attenuation & asthma control
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normal asthma

Images courtesy of the Center for In-vivo Hyperpolarized Gas MR Imaging, University of Virginia.
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J Appl Physiol 101: 30-39, 2006,
First published February 9, 2006; doi10.1152japplphysiol 01190.2005.

The structural basis of airways hyperresponsiveness in asthma

Robert H. Brown,"* David B. Pearse,* George Pyrgos,

Mark C. Liu** Alkis Togias,** and Solbert Permutt*

'Department of Anesthesiology and Critical Care Medicine, *Department of Environmental Health Sciences,
Division of Physiology, Department of Medicine, *Division of Pulmonary and Critical Care Medicine and
*Division of Allergy and Clinical Immunology, The Johns Hopkins Medical Institutions, Baltimore, Maryland

Submitted 19 September 2005; accepsed in final form 1 February 2006
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Brown et al J Appl Physiol 101:30 2006
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Residual Volume vs Rp
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Kraft et al AJRCCM 163: 1551 2001

Changes in Lung Function on Montelukast

FEV| titers 0.16 +0.06 p<0.01
FVC iiters 0.18+0.07 p<0.01
TLC titers +0.06 £ 0.05 NS
V‘g liters -0.13+0.05 NS
RV liters -0.13+0.06 p<0.05%
Ry (emH207ps) -1.39+0.74 NS

Kraft et al Chest 2006 130:1726

Am Chest tightness correlates with RV

°
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BL-AM chest tightness-placebo
°
i

BL-AM chest tightness-montelukgst

R P S e
5-04-03-02-01 0 .1 2
BL-RV on placebo

-04  -02 0 2 4
BL-RV on montelukast

r (Spearman) 0.20
p=041

Kraft et al Chest 2006 130:1726

r (Spearman) 0.55
p=0.04




Small Airways Assessment

Circa 1969 Circa 2012
¢ RL within normal limits * FEV1 and FVC are decreased
* Normal PV curve ¢ FEV1/FVC ratio ~ normal

* Frequency dependence of CL  * TLC is normal or high

* And RV is high

* Closing volume +

Control of Airway Caliber & Patency
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(— 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
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