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Background: The point in the airway that allows the smallest maximal flow is known as the

“choke point”. The tube law describes the velocity of the expired air, which cannot exceed the

wave-speed. Flow limitation during forced expiration is affected by the relationship between the

transmural pressure (Ptm) and cross-sectional area (A) of the airway. Wave speed is dependent

on the stiffness of the airway wall, as well as on the cross-section of the airway itself (dA/dPtm).

Methods: Airway stenting at the wave-speed, flow-limiting segment (choke point) is assessed by

using a catheter, via the working channel of a stereoscopic bronchoscope, to measure the

difference between lateral pressure and pleural pressure.

Results: Based on the wave-speed concept of maximal expiratory flow limitation, stenting at the

choke point increased the cross-sectional area and supported the weakened airway wall, thus

improving expiratory flow limitation and relieving dyspnea.

Conclusion: To ensure correct stent positioning and thus optimal functional benefit, it is

important to locate the exact position of tracheobronchial stenosis.

& 2016 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The tube law [1,2] describes the velocity of the expired air,
which cannot exceed the wave-speed (the speed of a pressure
wave passing through the airway segment). The maximal
flow that can pass through an airway segment is determined
by the following equation: V0max¼A(A/(rCaw))0.5, where A is
the cross-sectional area of the airway, r represents the
density of the air, and Caw is the airway compliance (dA/
dPtm). The point in the airway that allows the smallest max-
imal flow is known as the “choke point”. In normal subjects,
this is situated in the transition between the intrathoracic
and intrapulmonary airways; the choke point moves periph-
erally during expiration (Fig. 1) [1–6].

2. Materials and methods

Airway stenting at the wave-speed flow-limiting segment (choke
point) was assessed using a double-lumen airway catheter (Fuji
Systems, Tokyo, Japan), via the working channel of a stereo-
scopic bronchoscope, to measure the difference between lateral
pressure and pleural pressure. The catheter was inserted into the
airway during bronchoscopy. The site of maximal obstruction
was identified based on the pressure difference between the
proximal and distal sites of the stenosis.

The catheter was made of a nylon elastomer and had two
holes in the side 5 cm apart; its outer diameter was 1.7mm. It
was connected to two identical pressure transducers (SCX01DN;
Sensortechnics, Munich, Germany). During stenting, the patient
was administered light general anesthesia, and was allowed to
breathe spontaneously; lateral and pleural pressures were

measured simultaneously at two points [7]. Pleural pressure
was measured using an esophageal balloon catheter.

The diameter and cross-sectional area of the airway were
measured using stereoscopic bronchoscopy (BF-Y0006, Olympus,
Tokyo, Japan), which involves two lenses at the tip of a flexible
fiberscope, and the principle of triangulation.

3. Results

The choke point originally occurred where the cross-sectional
area of the airway was the narrowest. After stenting, migra-
tion of the choke point to a non-stented segment of the
weakened airway resulted in its subsequent collapse. We will
briefly discuss a typical case of expiratory central airway
collapse (ECAC) with forced expiratory wheezing in a patient
with tracheobronchial malacia.

Before stenting, we determined the transmural pressure
after measuring the difference between the lateral pressure
at the flow-limiting segment and the pleural pressure. Fig. 2
shows repeated airway collapse during the expiratory phase.

Fig. 3 shows the degree of tracheal collapsibility, as well as
the transmural pressure and the cross-sectional area of the
airway. Before stenting, a slight narrowing of the airway
occurred during inspiration, and a severe collapse was
observed during expiration, as indicated by a dramatic
increase in transmural pressure. The image on the left shows
the trachea before stenting, while that on the right displays
the trachea after stenting.

Before stenting, the airway wall was narrow, resulting in high
driving pressure. After stenting, the airway stiffness was
increased, reducing the previous driving pressure, and the

Fig. 1 – Schematic of the tube law.
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