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tension (PaCO2
). However, EtCO2

 is sometimes inaccurate
when used for patients without intubation. Transcuta-
neous measurements of oxygen (tcPO2

) and carbon diox-
ide (tcPCO2

) tensions have been investigated for their
correlation with PaO2

 and PaCO2
, respectively [1–4]. In

these studies, the electrodes were heated to 42°C to
44°C to measure tcPO2

 and tcPCO2
. However, the higher

electrode temperature increases burn injury. Therefore,
a lower temperature is preferable. Recently, a new de-
vice, TCM4 (Radiometer, Copenhagen, Denmark) to
measure tcPO2

 and tcPCO2
 has been developed to stabi-

lize the electrode faster than the previous devices.
There are no studies investigating the effects of the
electrode temperature of the TCM4 on the measure-
ment of tcPO2

 and tcPCO2
. We therefore investigated the

effects of the electrode temperature of the TCM4 on
the measurement of tcPO2

 and tcPCO2
 during general

anesthesia.
After obtaining the approval of the University of

Tokyo Hospital and informed consent from the pa-
tients, 25 patients, aged 40 to 70 years, scheduled for
major lower abdominal surgery in the supine position,
were enrolled in the present study. Those who were
obese (body mass index >25), and those who had respi-
ratory, cardiac, or vascular disease were excluded. An-
esthesia was performed with an epidural block, using
mepivacaine, fentanyl, vecuronium, propofol infusion,
and nitrous oxide in oxygen. Bladder temperature was
monitored and a warming blanket was used to maintain
body temperature. Blood pressure was kept in the range
of ±20% of the patient’s usual blood pressure. An arte-
rial catheter was inserted in the left radial artery to
measure PaO2

 and PaCO2
. EtCO2

 was measured using the
Ultima (Datex-Ohmeda, Helsinki, Finland). TcPO2

 and
tcPCO2

 were measured with the TCM4, with the elec-
trode attached to the chest (left side between the
clavicle and nipple). PaO2

 and PaCO2
 were measured with

the ABL 625 (Radiometer). Respiration was controlled
by a ventilator and EtCO2

 was randomly changed be-

Abstract
The transcutaneous measurement of oxygen (tcPO2

) and
carbon dioxide (tcPCO2

) tensions may serve as a surrogate of
arterial oxygen (PaO2

) and carbon dioxide (PaCO2
) tensions,

respectively. We investigated the effects of the electrode tem-
perature of a new device, TCM4, on the measurement of tcPO2

and tcPCO2
. Twenty-five patients scheduled for major lower

abdominal surgery were enrolled. The electrode of the TCM4
was attached to the chest, with its temperature set to 37°C,
40°C, 42°C, 43°C, or 44°C. tcPO2

, tcPCO2
, end-tidal carbon

dioxide tension (EtCO2
), PaO2

, and PaCO2
 were simultaneously

measured at various EtCO2
 levels and inhaled oxygen concen-

trations. The times required for stabilization of the tcPO2
 and

tcPCO2
 values were measured. A Bland-Altman plot was used

to compare the two measurements. The time required for
stabilization was shorter with a higher electrode temperature,
but the shortest time was still more than 150s. TcPO2

 corre-
lated well with PaO2

 at 43°C and 44°C. TcPCO2
 correlated well

with PaCO2
 and EtCO2

 at 43°C. The bias and limits of agreement
were larger with lower electrode temperature for TcPO2

—PaO2
,

tcPCO2
—PaCO2

, and tcPCO2
—EtCO2

. We concluded that the elec-
trode of the TCM4 should be heated to at least 43°C to mea-
sure tcPO2

 and tcPCO2
. However, the absolute values of tcPO2

and tcPCO2
 could not be used as surrogate measurements of

PaO2
 and PaCO2

, respectively.
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Percutaneous oxygen saturation (SaO2
) determined by

pulse oximetry, is now routinely used to determine oxy-
genation. However, SaO2

 measures oxygen binding to
hemoglobin, not dissolved oxygen measured as arterial
oxygen tension (PaO2

). End-tidal carbon dioxide tension
(EtCO2

), measured with a capnograph, is commonly used
as a surrogate measurement of arterial carbon dioxide

Address correspondence to: T. Nishiyama
3-2-6-603 Kawaguchi, Kawaguchi 332-0015, Japan
Received: February 15, 2006 / Accepted: May 23, 2006

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



332 T. Nishiyama et al.: TCM4 and electrode temperature

tween 20 and 50mmHg. Inspiratory oxygen concentra-
tion was also changed at random between 21% and
100%. The measurements was done at least 10min after
changing the ventilator setting or oxygen concentration.
The electrode of the TCM4 was set to 37°C, 40°C, 42°C,
43°C, or 44°C. TcPO2

, tcPCO2
, EtCO2

, PaO2
, and PaCO2

 were
simultaneously measured at various EtCO2

 levels and in-
haled oxygen concentrations. In total, 40 measurements
were done for each temperature. At the start of each
measurement, the times required for stabilization of the
tcPO2

 and tcPCO2
 values were measured. Correlations

between the parameters were analyzed by linear
regression analysis. A Bland-Altman plot was used to
compare the two measurements, using the bias (the
mean of the differences) and limits of agreement
(bias ± 2SD of bias) [5].

There were 16 male and 9 female patients, aged 61 ±
8 years, with body weight 63 ± 11kg and height, 164 ±
6cm. Colectomy was done in 8 patients, sigmoidectomy
in 8, resection of the uterus in 4, and resection of the
bladder in 5. Duration of surgery was 279 ± 85min.
Bladder temperature was between 35.0°C and 37.3°C.
The time required for stabilization was shorter with
a higher electrode temperature, with no differences
among 40°C, 42°C, and 43°C for tcPCO2

, while the short-
est time was 150s (Fig. 1). TcPO2

 correlated well with
PaO2

 at 43°C and 44°C (Fig. 2). TcPCO2
 correlated well

with PaCO2
 and EtCO2

 at 43°C. The bias and limits of
agreement were larger with lower electrode tempera-
ture for TcPO2

—PaO2
, tcPCO2

—PaCO2
, and tcPCO2

—EtCO2

(Fig. 2).
Considering the correlation coefficient, bias, and lim-

its of agreement in the present study, an electrode tem-
perature of at least 43°C was necessary for tcPO2

 and
tcPCO2

 measurements with the TCM4. However, the ab-
solute values of tcPO2

 and tcPCO2
 could not be used as

surrogate measurements of PaO2
 and PaCO2

, respectively,
due to the large limits of agreement. The 95% response
time of tcPO2

 to the change in inhaled oxygen concentra-
tion was reported to be about 2min [6]. EtCO2

 changes
almost immediately, but there is a short lag period
for tcPCO2

, due to the time of transmission from the
pulmonary capillaries to the measurement site. These
findings suggested that, in the present study, a 10-min
interval between the measurements and changing the
ventilator setting or oxygen concentration might be
enough to stabilize the electrode. However, it took
more than 150s to stabilize the electrode. Therefore,
this is not useful for emergency use, but is still suitable
for elective use.

The limit of 4h at 43°C must be considered as a rule
for safety, but some have reported no skin burn after 6
to 8h at electrode temperatures of 43°C to 44°C [7–11].
Although no burn injury was observed in the present
study with the maximum duration of 2h at 44°C, the
electrode temperature should be as low as possible. The
lowest reported electrode temperature used for tcPCO2

has been 42°C [12]. However, in the present study, we
did not find a good correlation between tcPCO2

 and PaCO2

at 42°C. In neonates [13] and infants [14], the correla-
tion coefficient between tcPCO2

 and PaCO2
 was high

enough to be clinically applicable, while in adults in the
present study, using a new device, the correlation
coefficient was still not as high as that in children. The
tcPCO2

 is increased by 4% for every 1°C rise in electrode
temperature between 37°C and 45°C, caused by arteri-
alization of capillaries [15] and by increased CO2 pro-
duction in the skin [16]. Therefore, tcPCO2

 is usually
higher than PaCO2

. The tcPCO2
/PaCO2

 ratio was reported to
be 1.4 with an electrode temperature of 44°C [17]. In the
present study, tcPCO2

 at 43°C and 44°C, was closer to
PaCO2

 than in the previous studies and this may have
been due to calculated corrections for the device.

Heating the skin beyond 40°C changes its structure,
and this change is thought to allow oxygen to diffuse
faster [18], and to increase the local oxygen tension by
shifting the oxyhemoglobin dissociation curve [19].
These effects partially compensate for the PO2

 diffusion
gradient between the capillary blood and the electrode
face. Therefore, in subjects with a normal circulatory
state, the tcPO2

/PaO2
 ratio typically ranges from 0.7 to 0.9

[2,3]. Individual transcutaneous values were reported to
differ by as much as 50mmHg from arterial values [20].
In the present study, the difference between tcPO2

 and
PaO2

 was over 50mmHg at an electrode temperature of
less than 43°C. For tcPO2

, an electrode temperature of at
least 43°C was reported to be necessary to produce a
reasonable correlation between tcPO2

 and capillary PO2

[21]. This is consistent with our present results, using the
new TCM4 device. Sympathetic block with epidural
mepivacaine may have some effects on the measure-

Fig. 1. Time required for stabilization of measurements. *P <
0.05 vs 37°C; + P < 0.05 vs 44°C; $ P < 0.05 vs tcPO2
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ment of tcPO2
. Although we did not check the level of

the epidural block in our subjects, it was performed for
lower abdominal surgery; therefore, the level could
have been lower than the place where the electrode was
attached. In addition, even if the sympathetic activity
electrode of the area had been blocked, vasodilatation
produced by general anesthesia and the heating of the
skin may have had a nontrivial effect on the results.

In conclusion, the electrode of the TCM4 should be
heated to at least 43°C, to measure tcPO2

 and tcPCO2
.

However, the absolute values of these parameters could
not be used as surrogate measurements of PaO2

 and
PaCO2

, respectively.
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