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Expiratory Resistance Increases End-Expiratory Lung

Volume during Sleep

Robert L. Owens', Bradley A. Edwards’, Atul Malhotra’, and Andrew Wellman'

'Sleep Disorders Research Laboratory, Brigham and Women’s Hospital, Boston, Massachusetts

A.

Flow 0.5 ﬂ
el N\ M\ M )
e T G e P R A (W
-0.5—
2 5 _5 ...withoutan
Mask "c?; © increasein flow rate
Pressure 0,_\m} —_— ~
(cmH,0) < At — el \_J
-2- s = Increasing epiglottic
Epiglottic 107 PIESSUIg... m m
Pressure 54 oy j
(cmH,0) ) o GRS - h m
< i [y Y| =
32.5
RibCage 3207
(cm) ° 3157 ;
31.0-~_ "
31.54
Abdomen 3] 4+
(cm) 31.3—\/’\» g
31.2+
. 000
Changein ]
Lung volume 500- W
(mL) 0_\/;3._./\-’-‘ W il Baseline end-expiratory lung volume
5 10 15 20

B.

Change in EELV = 52.9*(Epiglottic Pressure) - 142
RZ=0.94

~ 400 A
£
> 300
m
w
=
o 200
=2
c
2
O 100
0 -
0 2 4 6 8 10
Peak epiglottic pressure during expiration (cmH,0)

Figure 1.

Am ] Respir Crit Care Med Vol 185, Iss. 8, pp e10-e11, Apr 15, 2012
Copyright © 2012 by the American Thoracic Society

DOI: 10.1164/rccm.201105-0912IM

Internet address: www.atsjournals.org

12

C.

Flow
(Us)

Mask
Pressure
(cmH,0)

Epiglottic
Pressure
(emH,0)

Change
Inlung
volume
(mL)

25
Time (s)

:
i

. S g
® =
0 e e B i B\
= 5
i+ 2 g
(= =

— | ~NE~ I~
W W 2 b{ e Mo e W

1000

500 M \/\‘“‘\_
J P e e
5 10 5 20 25

Time (s) !



Images in Pulmonary, Critical Care, Sleep Medicine and the Sciences ell

A 37-year-old man with severe obstructive sleep apnea presented to our sleep disorders research laboratory and was instrumented
with an epiglottic catheter, pneumotachograph, and magnetometers (to measure relative changes in lung volume) as part of
an ongoing study.

During the night there were periods of spontaneous, sustained increases in upper airway resistance during expiration (Figure 1A).
During these periods, expiratory positive airway pressure developed at the level of the epiglottis (epiglottic pressure channel). Note
that although epiglottic pressure increases during expiration, there is no corresponding increase in flow or mask pressure, suggest-
ing a choke point between the epiglottis and airway opening. Expiratory positive airway pressure was associated with an increase in
end-expiratory lung volume (rib cage, abdomen, and change in lung volume channels) according to the total respiratory system
compliance (Figure 1B). Although other factors may be important, such as upper airway muscle activation, the increase in end-
expiratory lung volume was generally associated with a decrease in upper airway resistance (increased flow despite less negative
epiglottic pressure) (Figure 1C).

Nasal expiratory resistance valves may improve obstructive sleep apnea in a subset of patients, but the mechanism of action is not
known (1, 2). Expiratory resistance valves increase end-expiratory lung volume during wakefulness, which might stabilize the upper
airway, but this phenomenon has not been clearly demonstrated during sleep.

This spontaneously occurring example provides proof of concept that expiratory resistance acts to increase end-expiratory
lung volume during sleep via generation of expiratory positive airway pressure. Furthermore, it suggests that such increased
end-expiratory lung volume can stabilize the upper airway during inspiration.

This image has not been previously published in any form.

Author disclosures are available with the text of this article at www.atsjournals.org.

References

1. Berry RB, Kryger MH, Massic CA. A novel nasal expiratory positive airway pressure (EPAP) device for the treatment of obstructive sleep apnea:
a randomized controlled trial. Sleep 2011;34:479-485.

2. Patel AV, Hwang D, Masdeu MJ, Chen GM, Rapoport DM, Ayappa I. Predictors of response to a nasal expiratory resistor device and its potential
mechanisms of action for treatment of obstructive sleep apnea. J Clin Sleep Med 2011;7:13-22.


http://ajrccm.atsjournals.org/cgi/data/185/8/e10/DC1/1

