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Editorial

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

Address correspondence to: Y. Ishibe
Received: July 26, 2002

Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.3 785.2 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice



272 Y. Ishibe: Oxygen sensing in the carotid body

factor of postoperative hypoxemia to our textbooks:
hypoxic respiratory drive inhibited by muscle relaxant.
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