
Transcutaneous and
End-Tidal Capnometry

In the October 2006 issue of RESPI-
RATORY CARE, Stein et al reported on
transcutaneous and end-tidal capnom-
etry in spontaneously breathing pa-
tients. The aim of their research was
to evaluate the bias and precision of
transcutaneous carbon dioxide mea-
surement and exhaled gas carbon di-
oxide measurement (end-tidal CO2

[PETCO2
]) against a blood measurement

of carbon dioxide (PaCO2
).1

It is well known that these 3 sam-
pling techniques will not have 100%
agreement. The data from Stein et al
indicates that PETCO2

underestimates
PaCO2

. During normal conditions, the
difference between PaCO2

and PETCO2

is 2–5 mm Hg. This difference can
increase with lung disease. It can also
supply insight about ventilation-per-
fusion imbalance. Alternatively, a
technical error, such as a leak in the
collection system or incorrect filter
lines, can lead to a shift in the PaCO2

versus PETCO2
difference.

The large PaCO2
versus PETCO2

dif-
ference (mean difference 14.1 � 7.4
mm Hg) in the report by Stein et al is
beyond convention. Stein et al sug-
gest that the underestimation was at-
tributable to dilution from other med-
ical gas. However, there is no baseline
or control data to confirm that their
data sampling was correct. Therefore
it is unclear, from the data presented,
whether the recordings were collected
from properly obtained measurements.
When seeking minimal verification of
the data-collection technique, their ref-
erence to manufacturers’ guidelines
was not completely cited regarding re-
vision or year. It is not possible to
verify from the citations if Stein et al
did follow the manufacturers’ guide-
lines with any of the devices in the
study. There were no baseline mea-

surements to ensure proper apparatus
setup and use of the devices.

There is further confusion in the re-
port, in that, “When using the oral/nasal
cannula, sampling errors corresponding
to mouth-breathing seem to be more pro-
nounced. We regard this aspect as the
essential factor in the PaCO2

underesti-
mations of the end-tidal method in the
present study.” Yet the report also reads,
“There was no significant difference be-
tween sampling exhaled gas via face
mask versus oral/nasal cannula.” Those
conflicting statements are confusing.

Changes in PETCO2
can be associ-

ated with lung pathology as well as
ventilatory depression associated with
anesthetic or sedative agents.2 As
pointed out by Stein et al, CO2 mon-
itoring has been recommended by na-
tional societies of anesthesia and is
considered a standard of care in the
operating room. Stein et al gave no
explanation for the difference between
their results and the published clinical
practice guidelines.

Stein et al were also silent on the
matter of timing transcutaneous CO2

and PETCO2
measurements at 1-min in-

tervals prior to blood draw for PaCO2

measurement. There is no reference
or validation that this is the appropri-
ate method for data collection, nor is
there any indication of sample size or
statistical method validation.

From the report by Stein et al we
cannot conclude that PETCO2

does not
provide a good assessment of PaCO2

.
What is clear is that the PaCO2

versus
PETCO2

differences in the data pre-
sented by Stein et al are outside the
normal range.

David Lain PhD RRT
Clinical Marketing

Oridion Capnography
Needham, Massachusetts

The author reports no other conflict of interest
related to the content of this letter.

REFERENCES

1. Stein N, Matz H, Schneewei� A, Eckmann
C, Roth-Isigkeit A, Hüppe M, Gehring H.
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The authors respond:

The procedure for measuring the
partial pressure of end-tidal CO2

(PETCO2
) during spontaneous breath-

ing is affected by the fact that the ex-
piratory gas flow occurs openly
through the openings of the nose and
mouth. The positioning of the gas sam-
pling system, with its openings in the
2 nostrils and above the mouth, and
the collection of the gas portion for
analysis from a diffuse flow of gas,
are limitations of the procedure. This
was a point addressed by the manu-
facturer Oridion, through their further
development of a sampling system
with an enlarged mouthpiece. The ver-
sion with the smaller mouthpiece was
the Smart CapnoLine O2 with O2/CO2

oral/nasal cannula. The version with
the larger orifice is the Smart Capno-
Line Plus O2.

In addition, a gas flow in the opposite
direction is also generated through the
supplyofoxygen.According to theman-
ufacturer’s manual1 and the instructions
for the smaller version of the gas sam-
pling system, no effect on CO2-mea-
surement should occur up to a gas flow
of 4 L/min. However, studies on test
subjectsbyourownresearchgroupseem
to confirm the presence of an effect on
the variance of PETCO2

at 4 L/min.2 The
effect described here leads to a situation
where the form of the capnograms is
altered so that a predefined point for
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creating a PETCO2
measured value is

drastically displaced.
From our side, this has lead to an

intelligent analytical procedure that we
call “InCAP,” which groups wave-
forms into clusters.3 The cluster that
most closely agrees with the normal
capnogram is used for calculating
PETCO2

. This analysis system provides
considerably better agreement be-
tween the data from cluster 1 and the
PaCO2

value. The problematic nature
of the conventional analysis of cap-
nometers for the PETCO2

value is un-
derscored by the form and number of
capnograms recorded during sponta-
neous respiration. Table 1 shows the
improved agreement, represented by
the curves after grouping into 5 clus-
ters (taken from 3). Furthermore, it is
clear that the gas sampling is more
effective with Oridion’s oral/nasal
cannula system than with a face mask.
This effect could not be deduced from
the data we presented.4

We stress that the analysis of gas sam-
ples is much more complex for patients
breathing spontaneously than for pa-
tients undergoing artificial ventilation.
Here one should not so much push the
technique to the forefront, but should
rather point out that alternative assess-
ment procedures should be offered.

We thank Dr Lain for bringing this
subject to the discussion table.

Hartmut Gehring MD
on behalf of the all authors

Department of Anesthesiology
University Clinic of
Schleswig-Holstein
Luebeck, Germany

The authors report no conflict of interest related
to the content of this letter.
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Spirometer Calibration
Check Procedures

As a reader of RESPIRATORY CARE

journal for many years and an advo-
cate of that organ as a quality, peer-
reviewed journal, I feel that I have to
draw my professional concerns to your
attention about the article by Pérez-
Padilla et al, “The Long-Term Stabil-
ity of Portable Spirometers Used in a

Multinational Study of the Prevalence
of Chronic Obstructive Pulmonary
Disease.”1

Pérez-Padilla et al conclude that, “In
these 70 EasyOne spirometers, neither
calibration nor linearity changed dur-
ing the study. Such calibration stabil-
ity is a valuable feature in spirometry
surveys and in the clinical setting.”
While calibration stability may be an
admirable feature, there is absolutely
no evidence in the Pérez-Padilla et al
paper to support the conclusion that
linearity did not change during the
study. Pérez-Padilla et al performed a
daily calibration check on each spi-
rometer, using one of a number of 3-L
syringes. This is simply a one-point
calibration verification. How can a
one-point measurement be considered
a linearity check? For all Pérez-Pa-
dilla et al know, the response of each
device theoretically could well have
been alinear, and they would not have
detected the alinearity. Those of us
who have spent much of our profes-
sional lives working to improve qual-
ity assurance in pulmonary-function-
test equipment know that a one-point
verification is of extremely limited
value. Further, there are many docu-
mented instances of spirometers that
passed a calibration verification and
then proceeded to give incorrect read-
ings under clinical measurement con-
ditions. That is why good laboratory
practice calls for the use of physio-

Table 1. Agreement Between the Data From Cluster 1 and PaCO2
*

Cluster

Nasal Cannula Group Face Mask Group

PaCO2
38.8 � 2.3 mmHg (8 patients) PaCO2

43.8 � 4.7 mm Hg (8 patients)
Number of Capongrams

in the Cluster
PETCO2

(mmHg)
Number of Capongrams

in the Cluster
PETCO2

(mmHg)

1 19 � 11 35 � 6 28 � 15 32 � 4
2 17 � 5 33 � 8 17 � 7 30 � 4
3 19 � 8 30 � 10 22 � 6 26 � 6
4 21 � 8 27 � 11 24 � 10 26 � 5
5 13 � 8 23 � 12 19 � 10 20 � 6

*Each row corresponds to a cluster, including the mean � SD of the 8 patients. A total of 1,586 capnograms were analysed: 801 in the nasal-cannula group, 785 in the face-mask group. Cluster 1
represents the nearest shape to the normal capnogram.
PETCO2 � partial pressure of end-tidal carbon dioxide (Data from Reference 3.)
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