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Editorial

Oxygen sensing in the carotid body: inhibited hypoxic respiratory
drive with muscle relaxant

Yuichi Ishibe

Tottori University Faculty of Medicine, Department of Surgery, Division of Anesthesiology and Critical Care Medicine, 36-1 Nishi-cho,
Yonago, Tottori 683-8504, Japan

role. Acetylcholine (ACh) is known as a neurotransmit-
ter at the neuromuscular junction, at preganglionic syn-
apses, and at all postganglionic parasympathetic fibers.
The role of ACh in respiratory control has been exten-
sively studied, and it is thought to play a role in carotid
body chemotransduction. Eriksson and colleagues [6]
recently observed that vecuronium-induced partial
neuromuscular block [corresponding to a train of four
(TOF) ratio of 0.70] inhibits the respiratory response to
hypoxia but not to hypercarbia, although resting venti-
lation is sustained during air breathing. This inhibitory
effect on the hypoxic respiratory response has also been
observed with other nondepolarizing muscle relaxants,
such as atracurium and pancuronium [7]. A possible
pathway has been suggested by blocking the nicotinic
ACh receptors on type I glomus cells in the rat [8]. In
addition, Wyon and colleagues [9] demonstrated that
hypoxia-induced phrenic nerve activities were partially
blocked by arterial injection of vecuronium near the
carotid body in the anesthetized rabbit. However, the
importance of cholinergic signal transmission during
hypoxia in the carotid body is still controversial. It is
well known that ACh is released during moderate hy-
poxemia [10], but ACh is not the sole neurotransmitter
in the carotid body [11]. Furthermore, hypoxic respi-
ratory control is not known to interact with muscle
relaxants, and clinical adverse effects have been never
reported. These considerations have stimulated further
investigations of the interaction of neuromuscular
blocking and the inhibition of neurochemical sensitivity
with hypoxia in the carotid body.

If this inhibitory effect is confirmed in clinical situa-
tions and reversed by anticholinesterase (anti-ChE),
anesthesiologists might be recommended to admin-
ister more anti-ChE (neostigmine, physostigmine,
edrophonium etc) than necessary to restore the clinical
findings of reversed muscle relaxant, such as head lift
and hand grip, to reverse inhibition of the hypoxic re-
spiratory drive. Furthermore, we might add another risk

Because the discovery of the comprehensive mecha-
nism from the sensing of oxygen to its intracellular fate
is one of the major challenges in the field of anesthesiol-
ogy and may be worth the Nobel Prize (in the phrase of
Professor Lindahl at the 49th annual meeting of the
Japanese Society of Anesthesiologists held in Fukuona,
Japan), I have read with great interest the review in this
journal by Shirahata [1]. Focusing in particular on how
anesthetic agents, nondepolarizing muscle relaxants,
and drugs used in anesthesia affect carotid body excita-
tion by hypoxia, she clearly described the complex path-
way of hypoxic signal transduction in the carotid body.

Currently the type I glomus cells are believed to be
chemoreceptor cells that act as oxygen sensors, al-
though the signal transduction is still an area of active
research. The primary sensory cells, the type I glomus
cells, respond to hypoxia or acidosis with depolar-
ization, which initiates electrical activity, Ca2� influx,
and release of Ca2� from the intracellular store and
stimulates secretion of neurotransmitters. This depolar-
ization appears to be mediated largely through the inhi-
bition of the oxygen-sensitive background K� channel.
The molecular nature of such background currents has
long been a mystery; however, a new family of K� chan-
nels has recently been cloned [2–4]. These channels
have a unique structure and little or no conventional
voltage sensitivity, making them ideal candidates for
generating background K� currents. Halothane aug-
ments the background K� current and then inhibits the
oxygen-sensitive K� current of carotid body type I cells
[5]. This suggests that endogenous background K�

channels may play role in respiratory depression by
general anesthetics.

Apart from a signal sensing process, neurochemicals
released by stimulation of chemoreceptors also have a
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factor of postoperative hypoxemia to our textbooks:
hypoxic respiratory drive inhibited by muscle relaxant.
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