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Fig. 1 A model of artificial vocal cord
The artificial vocal cord (A), which is made of the soft rubber, has a strong resemblance to the hu-
man larynx (B, C). A pair of asterisks shows bilateral vocal cords. The artificial vocal cord is fixed

within a transparent cube made of the acrylic resin (D) and the glottic space is kept with some space

(E) or severely narrow space like a slit (F) controlled by driving or loosening a screw on the side face.
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Laryngo-

Fig. 2 Experimental respiratory system

The artificial vocal cord is attached to the training/test lung
(TTL) at the caudal site and to the ventilator for NPPV at
the rostral site. Vocal cord movement is observed by a fiber-
optic laryngoscopy inserted through a small hole on the cap-
sule containing the artificial vocal cord. PEEP valve is
placed between TTL and the ventilator for TTL to avoid
the influence of EPAP from NPPV.
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Fig. 3 A schema of the experimental respiratory system
focusing on the role of TTL
Panel A is lifted by the air flow from the ventilator for
TTL (LP-6). Then, Panel B is passively lifted by a hook at-
tached to the Panel A, resulted in the production of nega-
tive pressure in the bellows B. Thereby spontaneous
breathing develops in this respiratory system.
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Fig. 4 Fiberscopic photographs of the vocal cord from a
patient with MSA and the artificial vocal cords under vari-
ous conditions
Typical paradoxical movement is demonstrated in a MSA
patient presenting with vocal cord abductor impairment
showing adduction during inspiration and abduction dur-
ing expiration (A). Similar paradoxical movement is also
seen in the aritificial vocal cords with the severely (B) and
the moderately (C) narrow glottis. After applying 8
cmH20 of CPAP in the latter model with moderate nar-
row glottis (C), the vocal glottis became apparently wider
during both inspiration and expiration (D).
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Fig. 5 Plot graphs of the expiratory glottic width and the level of positive pressure in the two mod-

els

The vocal glottis during expiration dilates with the level of EPAP, but does not with that of IPAP
in both models with severely and moderately narrow glottis.
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Fig. 6 Plot graph of the inspiratory glottis width and the
level of positive airway pressure in the model with se-
verely narrow glottis
The vocal glottis does not dilate even in the high pressure
of IPAP (20 cmH20) when EPAP is fixed at 4 cmH20. How-
ever, it dilates suddenly at the points of 15/5 cmH20 and
8/6 cmH20 of I/EPAP. Then, it dilates from the beginning
when EPAP is more than 7 cmH20.

ANV (8cmH:0) TR &7z, %L T, EPAP %% 7cmH.0
VBT A 5 A BET MBI L 2 h o 72, FRUSH L,
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Fig. 7 Plot graph of the inspiratory glottis width and the
level of positive airway pressure in the model with mod-
erately narrow glottis
The vocal glottis dilates on the level of IPAP, having no re-
lationship with the level of EPAP.
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Fig. 8 The presumed threshold curve of the paradoxical vocal cord movement in the model with
severely narrow glottis
A: The threshold curve can be drawn by plotting the all conditions of I/EPAP according to the
presence (x) or absence ( O ) of the paradoxical movement.
B: In this model with severely narrow glottis, EPAP-leading procedure seems to be getting more
easily to the desirable area rather than IPAP-leading procedure.

ZDIEHIE 8emH0) AT E T A, FHHIERAEIZ D PHEAET 5 Z R &Nz (Fig 8A).
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Abstract
Experimental vocal cord abduction impairment with an artificial vocal cord

Eiji Isozaki, M.D.", Shinsuke Tobisawa, M.D.”, Misato Nishizawa, M.D.?,
Hideto Nakayama, M.D.”, Kotaro Fukui, M.D.” and Asuo Takanishi, M.D."
"Department of Neurology, Tokyo Metropolitan Neurological Hospital
“Clinical Engineering Technologist, Tokyo Metropolitan Neurological Hospital
“Department of Anesthesiology, Tokyo Metropolitan Neurological Hospital
"Department of Modern Mechanical Engineering, School of Creative Science and Engineering, Waseda University

Non-invasive positive pressure ventilation (NPPV) has recently been applied to the patients with multiple sys-
tem atrophy (MSA) with various respiratory complications including vocal cord abduction impairment and respi-
ratory disturbance by the central origin. Any consensus guidelines on setting up the inspiratory positive airway
pressure (IPAP) and expiratory one (EPAP), however, have not been raised yet. To investigate this problem, we
made the upper airway tract model with moderately and severely narrow glottis using a training/test lung and
the artificial vocal cord which was developed for a humanoid talking robot in Waseda University. The artificial vo-
cal cord was molded out of a high performance thermoplastic rubber in imitation of the human larynx. Previous
studies using with a high-speed camera and a sound analyzer showed that the artificial vocal cord resembled hu-
man larynx closely both morphologically and functionally. The opening and closing movements of the artificial vo-
cal cord were observed fiberscopically under various conditions of IPAP (4-20 cmH.0) and EPAP (4-10 cmH-0).
The maximal glottic width during inspiration and expiration were measured by a pair of calipers on the video-
monitored display. Both of the moderately and the severely narrow artificial vocal cords without non-paralytic fac-
tors showed typical paradoxical movement showing adduction in inspiration and abduction in expiration, which is
characteristic to vocal cord abductor impairment seen in MSA. In the model with moderately severe narrow glot-
tis, this paradoxical movement was released under any positive pressures of continuous (CPAP) and bilevel
(Bilevel PAP) modes. In the model with severely narrow glottis, however, there existed a threshold in setting up
the optimal EPAP to release the paradoxical movement. In conclusion, EPAP-leading procedure seems to be pref-
erable to IPAP-leading procedure to dilate the narrow glottis as a pneumatic splint in the managements of the pa-
tients with MSA presenting with a paralytic type of vocal cord abductor impairment.

(Clin Neurol, 49: 407—413, 2009)
Key words: artificial vocal cord, paradoxical movement, vocal cord abduction impairment, multiple system atrophy, non-

invasive positive pressure ventilation




