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Abstract

Objectives – To describe the use of a transcutaneous blood gas monitoring system in critically ill dogs, determine
if transcutaneous and arterial blood gas values have good agreement, and verify if clinical or laboratory variables
are correlated with differences between transcutaneous and arterial blood gas measurements.
Design – Prospective observational study.
Setting – University teaching hospital ICU.
Animals – Twenty-three client-owned dogs.
Interventions – In critically ill dogs undergoing arterial blood gas monitoring, a transcutaneous blood gas mon-
itor was used to measure transcutaneous partial pressure of carbon dioxide (PtcCO2) and transcutaneous partial
pressure of oxygen (PtcO2) values 30 minutes after sensor placement, which were compared to PaCO2 and PaO2

values measured simultaneously. Clinical and laboratory variables were concurrently recorded to determine if
they were correlated with the difference between transcutaneous and arterial blood gas measurements.
Measurements and Main Results – Bland-Altman analysis revealed a mean bias of 4.6 ± 26.3 mm Hg (limits
of agreement [LOA]: −46.9/+56.1 mm Hg) between PtcO2 and PaO2 and a mean bias of 9.3 ± 8.5 mm Hg
(LOA: −7.5/+26.0 mm Hg) between PtcCO2 and PaCO2. The difference between PtcCO2–PaCO2 was strongly
negatively correlated with HCO3

− (r2 = 0.52, P < 0.001) and PaCO2 (r2 = 0.58, P < 0.001) and weakly positively
correlated with diastolic blood pressure (r2 = 0.21, P = 0.044), whereas the difference between PtcCO2–PaCO2

was moderately negatively correlated with diastolic blood pressure (r2 = 0.33, P = 0.008).
Conclusions – Agreement between transcutaneous and arterial PO2 and PCO2 measurements in these critically
ill dogs was inferior to that reported in similar adult and pediatric human studies. The transcutaneous monitor
consistently over-estimated PaO2 and PaCO2 and should not be used to replace arterial blood gas measurements
in critically ill dogs requiring blood gas interpretation.

(J Vet Emerg Crit Care 2014; 24(5): 545–553) doi: 10.1111/vec.12216
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Introduction

Repeated blood gas measurements are often required
to assess ventilation and oxygenation in critically ill
patients to assist clinicians in designing appropriate
treatment plans. Unfortunately, frequent blood sampling
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Abbreviations

AARC American Association for Respiratory Care
BE base excess
DAP diastolic arterial pressure
ETCO2 end-tidal carbon dioxide
Hgb hemoglobin
HR heart rate
MAP mean arterial pressure
PtcCO2 transcutaneous PCO2

PtcO2 transcutaneous PO2

SAP systolic arterial pressure
TPP total plasma protein

from small human patients causes iatrogenic anemia,
which likely also occurs in small veterinary patients
undergoing repeated blood sampling. Blood sampling
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for repeated blood gas analysis is also stressful and un-
comfortable for human patients requiring multiple punc-
tures if indwelling catheters are not placed.2 Likewise,
arterial blood sampling is technically challenging or im-
possible in very small or young animals and complica-
tions related to arterial puncture are reported in small
dogs.3 Because PO2 and PCO2 measurements are re-
quired to make decisions regarding the need for oxy-
gen supplementation or mechanical ventilation, a reli-
able method to measure these variables in small animals
is essential. Transcutaneous blood gas monitoring en-
ables noninvasive measurement of PO2 and PCO2 and
avoids the issues and costs associated with arterial blood
sample collection.4 Additionally, continuous monitoring
of PCO2 and PO2 using transcutaneous monitors can de-
tect changes in respiratory status earlier than blood gas
analysis, allowing clinicians to respond more quickly.5–8

Transcutaneous blood gas monitors are widely used
in human medicine, especially in neonatal or other pa-
tients without arterial access, to obtain noninvasive and
continuous blood gas measurements during mechani-
cal ventilation, bronchoscopy, and sleep apnea or pul-
monary function studies.9–12 They enable the assessment
of adequacy of ventilation and oxygenation, tissue perfu-
sion, and the viability of skin flaps or ischemic limbs.9–12

Studies comparing end-tidal carbon dioxide (ETCO2)
and transcutaneous PCO2 (PtcCO2) measurements in
neonates, infants, and children receiving mechanical
ventilation for respiratory failure reveal that PtcCO2 is
more accurate than ETCO2.13,14 Similarly, transcutaneous
blood gas monitors have recently become more reliable
and when used in adult human patients also estimate
PaCO2 more accurately than ETCO2.12,15,16 However, the
accuracy of transcutaneous blood gas monitors in people
is affected by several factors including variations in skin
thickness,17 presence of peripheral edema, low cardiac
output causing tissue hypoperfusion, peripheral vaso-
constriction, administration of vasoconstricting drugs,18

as well as ventilation and oxygenation status.9,10,15,19 For
example, PtcCO2 is more accurate at normal and in-
creased PaCO2 values compared to lower PaCO2 values
(ie, during hyperventilation).20 Additionally, the relia-
bility of transcutaneous PO2 (PtcO2) is decreased dur-
ing hypoxemia and hyperoxemia in adult and neona-
tal human patients and studies show that, in general,
PtcO2 monitoring is less accurate compared to PtcCO2

monitoring.10,21,22

There is limited information in the veterinary litera-
ture pertaining to transcutaneous blood gas monitoring
in dogs. A study investigating PtcCO2 measurements in 8
adult healthy dogs undergoing nonemergency orthope-
dic surgery found that PtcCO2 over-estimated PaCO2 by
an average of 10.6 mm Hg and lagged behind changes
in PaCO2 during progression from normal ventilation

to hyperventilation (ie, induction of hypocapnia) by ap-
proximately 6 minutes.23 The authors concluded that the
PtcCO2 monitor might be useful for detecting changes
or trends in PaCO2, but was not accurate enough to be
used as a surrogate measurement of PaCO2.23 An ex-
perimental study using anesthetized dogs demonstrated
that PtcO2 became less accurate compared to PaO2 as
the cardiac output decreased during induced hemor-
rhage, but the accuracy of PtcO2 improved after fluid
resuscitation.24 PtcO2 and PtcCO2 measurements have
also been used for the evaluation of skin graft viabil-
ity in dogs in experimental settings.25,26 To the authors’
knowledge, there are no published reports describing
the utility of the PtcO2 and PtcCO2 monitoring in hospi-
talized critically ill dogs.

The objectives of the present study were to describe
the use of a transcutaneous blood gas monitoring system
in critically ill dogs, determine if transcutaneous and ar-
terial blood gas values have good agreement, and verify
if clinical or laboratory variables are correlated with dif-
ferences between transcutaneous and arterial blood gas
measurements.

Materials and Methods

A commercial transcutaneous blood gas monitoring
systema was obtained for a trial period in the ICU of
our institution between February and March 2011. Dur-
ing that time period, any critically ill dogs hospital-
ized in the ICU that already had an indwelling arterial
catheter and arterial blood gas measurements planned
at the discretion of the attending clinician as a part of
his/her diagnostic plan were included in this observa-
tional study. Because American Association for Respira-
tory Care (AARC) clinical practice guidelines10 state that
PaO2 > 100 mm Hg can result in falsely increased or de-
creased PtcO2 and PtcCO2 values, respectively, any dogs
with a PaO2 > 100 mm Hg were excluded from analysis.

The transcutaneous monitor was calibrated according
to the manufacturer’s specifications before application of
the sensor probe to each dog and the sensor probe tem-
perature was set to 44˚C. The sensor probe was attached
to the skin of the abdomen or thorax where the hair was
already clipped, or after clipping the dog’s hair approxi-
mately 2 × 2 cm. The application site was cleaned with an
alcohol swab and an adhesive plastic ring was attached
to the skin. Contact gel was applied to the skin and the
sensor probe was attached to the ring (Figure 1). The
manufacturer’s recommended minimum equilibration
and physiological stabilization time after sensor probe
placement was 5–10 minutes for a PtcCO2 measurement
and 10–20 minutes for a PtcO2 measurement; therefore,
PtcCO2 and PtcO2 were recorded 30 minutes after probe
application. The sensor probe was not left in the same
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Figure 1: (A) Transcutaneous PCO2 and PO2 monitor and (B)
sensor probe attached to the thorax of a dog recovering from a
lateral thoracotomy.

position for more than 8 hours, to prevent thermal in-
juries secondary to the sensor probe heat.

An arterial blood sample was collected from the
indwelling arterial catheter 30 minutes after sensor
placement and blood gas analysis was performed
with a commercial blood gas analyzer.b Because of
a 30-second delay between the monitor and transcu-
taneous sensor, 30-minute PtcCO2 and PO2 values
were recorded 30 seconds after arterial blood sam-
pling. At the time of arterial blood sampling, the fol-
lowing variables were also recorded: body weight,
rectal temperature, heart rate (HR), systolic arterial
pressure (SAP), diastolic arterial pressure (DAP), and
mean arterial pressure (MAP). Blood pressure was
recorded using an oscillometric device.c Additionally,
PCV, hemoglobin (Hgb), total plasma protein (TPP), pH,
HCO3

−, base excess (BE), and lactate were concurrently
recorded from results measured using the arterial blood
sample.

Statistical analyses
A Shapiro-Wilk test was used to determine standard nor-
mal distribution of the data. Data with standard normal
distribution were presented as mean ± SD and data not
normally distributed were presented as median (range).
PtcO2 and PtcCO2 were compared with PaO2 and PaCO2

by performing Bland-Altman analysis.27 Precision was

defined as ±2 SD of the mean bias in the Bland-Altman
analysis. Depending on standard normal distribution,
Pearson’s or Spearman’s correlation coefficient was per-
formed to determine if PtcO2 and PtcCO2 were signifi-
cantly correlated with PaO2 and PaCO2, respectively, and
if the recorded clinical (body weight, temperature, HR,
SAP, DAP, MAP) and laboratory (PCV, Hgb, TPP, pH,
HCO3

−, BE, lactate, PaO2, PaCO2) variables were signif-
icantly correlated with the difference between the trans-
cutaneous and arterial blood gas measurements (PtcO2

− PaO2 and PtcCO2 − PaCO2). A P < 0.05 was consid-
ered to indicate statistical significance for all compar-
isons. Commercial statistical softwared was used for all
statistical analyses and commercial graphing softwaree

was used to generate the figures.

Results

Data were initially recorded from 26 dogs including 18
male dogs (2 intact, 16 neutered) and 8 female dogs (1
intact, 7 neutered). However, 3 dogs (2 neutered males,
1 neutered female) with a PaO2 > 100 mm Hg were ex-
cluded from the analysis. The median (range) age of the
23 included dogs was 9 (1–10) years and the mean ± SD
body weight was 33.1 ± 13.4 kg. Recorded clinical vari-
ables are summarized in Table 1. Most dogs (n = 20/23,
87%) had an arterial catheter placed for direct blood pres-
sure monitoring or arterial blood sampling during anes-
thesia. Reasons for anesthesia in those dogs included
gastrointestinal mass resection or foreign body removal
(n = 7), oral mass resection (n = 2), extremity mass re-
section (n = 2), and laryngeal mass resection, lung mass
resection, exploratory thoracotomy, cataract surgery, sti-
fle surgery, hemilaminectomy, rhinotomy, amplatzer oc-
clusion, and advanced imaging (n = 1 for each). The
remaining dogs (n = 3/23, 13%) had an arterial catheter
placed specifically for invasive blood pressure monitor-
ing or repeated arterial blood gas analysis in the ICU for
conditions including pulmonary contusions, aspiration
pneumonia, and atrial fibrillation (n = 1 for each). Two
dogs were receiving oxygen supplementation at the time
of data collection including 1 dog with a nasal cannula
placed after an exploratory thoracotomy for spontaneous
pneumothorax and another dog that was endotracheally
intubated and undergoing mechanical ventilation for as-
piration pneumonia. That same dog was in septic shock
and being administered dobutaminef at the time of data
collection.

The transcutaneous monitor sensor probe was at-
tached to the lateral aspect of the abdomen (n = 13)
or thorax (n = 6), ventral abdomen (n = 2), or ventro-
laterally on the thorax (n = 2). There were no dermal or
other complications noted in any of the dogs after the
sensor probe and adhesive ring were removed from the
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Table 1: Clinical, laboratory, and transcutaneous monitor vari-
ables recorded in critically ill dogs

Variable N Measurement

Heart rate (per min) 23 80 (46–157)
Rectal temperature (°C) 23 37.3 ± 0.8
Rectal temperature (°F) 23 99.1 ± 0.6
Systolic arterial pressure (mm Hg) 20 143 ± 21
Diastolic arterial pressure (mm Hg) 20 84 ± 23
Mean arterial pressure (mm Hg) 20 107 ± 24
PCV (%) 23 36.2 ± 6.9
Hemoglobin (g/L) 23 122 ± 27
Hemoglobin (g/dL) 23 12.2 ± 2.7
Total plasma protein (g/L) 23 52 ± 8
Total plasma protein (g/dL) 23 5.2 ± 0.8
pH 23 7.40 ± 0.04
HCO3

− (mmol/L, mEq/L) 23 21.7 ± 2.4
Base excess (mmol/L, mEq/L) 23 −2.4 ± 2.3
Lactate (mmol/L) 23 1.3 (0.5–3.5)
PaO2 (mm Hg) 23 84.7 ± 9.9
PtcO2 (mm Hg) 23 87 (55–177)
PtcO2 − PaO2 (mm Hg) 23 2.1 (−26.3–91.8)
PaCO2 (mm Hg) 23 36.0 ± 5.5
PtcCO2 (mm Hg) 23 46 (33–57)
PtcCO2 − PaCO2 (mm Hg) 23 11.9 (−11.2–24.3)

Values with standard normal distribution are expressed as mean ± SD
and values without standard normal distribution are expressed as median
(range).
HCO3

−, bicarbonate; PtcCO2, transcutaneous PCO2; PtcO2, transcuta-
neous PO2.

application site. Transcutaneous and arterial PO2 and
PCO2 measurements are listed in Table 1. PtcO2 and PaO2

measurements (r2 = 0.03, P = 0.398) were not correlated,
nor were PtcCO2 and PaCO2 measurements (r2 = 0.02,
P = 0.561). Bland-Altman analyses revealed a mean bias
of 4.6 ± 26.3 mm Hg between PtcO2 and PaO2 with wide
limits of agreement (LOA; −46.9/+56.1 mm Hg; Fig-
ure 2A), as well as a mean percentage difference of 2.5 ±
26.2% (LOA −48.9/+53.8%; Figure 2B). Likewise, there
was a mean bias of 9.3 ± 8.5 mm Hg between PtcCO2 and
PaCO2 with wide LOA −7.5/+26.0 mm Hg (Figure 3A),
as well as a mean percentage difference of 22.9 ± 21.7%
(LOA −19.6/+65.3%; Figure 3B).

Correlations between the differences between trans-
cutaneous and arterial blood gas measurements and
recorded clinical and laboratory variables are included
in Table 2. The PtcCO2 − PaCO2 difference was neg-
atively correlated with HCO3

− (r2 = 0.52, P < 0.001;
Figure 4A) and PaCO2 (r2 = 0.58, P < 0.001; Figure 4B),
and positively correlated with DAP (r2 = 0.21, P = 0.044;
Figure 5A). The PtcO2 − PaO2 difference was negatively
correlated with DAP (r2 = 0.33, P = 0.008; Figure 5B).
Correlations were not identified between PtcO2 − PaO2

or PtcCO2 − PaCO2 and other measured clinical and
laboratory variables (Table 2).

Figure 2: Bland-Altman analyses comparing transcutaneous
PO2 (PtcO2) and PaO2 measured in 23 critically ill dogs.

Table 2: Correlations between the difference between transcu-
taneous and arterial blood gas measurements and clinical and
laboratory variables in 23 critically ill dogs

PtcO2 − PaO2 PtcCO2 − PaCO2

Variable R r2 P-Value r r2 P-Value

SAP 0.44 0.19 0.055 0.08 <0.01 0.746
DAP −0.58 0.33 0.008 0.45 0.21 0.044
MAP 0.13 0.02 0.572 −0.12 0.01 0.621
TPP 0.39 0.15 0.065 0.07 <0.01 0.737
pH 0.12 0.01 0.600 0.34 0.12 0.112
HCO3

− 0.15 0.02 0.494 −0.72 0.52 <0.001
BE −0.03 <0.01 0.894 −0.22 0.05 0.322
Lactate <−0.01 <0.01 0.988 0.07 <0.01 0.734
PaO2 −0.26 0.07 0.223 0.15 0.02 0.500
PaCO2 <0.01 <0.01 0.995 −0.76 0.58 <0.001

SAP, systolic arterial pressure; DAP, diastolic arterial pressure; MAP, mean
arterial pressure; TPP, total plasma protein; BE, base excess; HCO3

−,
bicarbonate; PtcCO2, transcutaneous PCO2; PtcO2, transcutaneous PO2.
Measurements in bold represent significant findings (P < 0.05).

Discussion

The present study investigated the utility of a tran-
scutaneous blood gas monitor, designed for use in
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Figure 3: Bland-Altman analyses comparing transcutaneous
PCO2 (PtcCO2) and PaCO2 measured in 23 critically ill dogs.

people, in a small group of hospitalized critically ill dogs.
The monitor features a combination PtcO2 and PtcCO2

sensor and has been available for use since 2010. The
monitor performs PtcO2 measurements using a Clark
sensor, whereas a Stowe-Severinghaus electrode is used
for the PtcCO2 measurements. The monitor was easy to
use in terms of its calibration and application of the sen-
sor probe, which took approximately 5 minutes each.
Measurements were visible on the monitor screen by
about 5 minutes after probe placement, but because the
manufacturer recommends waiting 10–20 minutes for
stabilization, arterial blood gas measurements were not
taken for comparison until 30 minutes after sensor probe
placement. The temperature probe was heated to 44°C
as per the manufacturer’s recommendation, to enhance
blood flow to the application site and improve the dif-
fusion of gases across the skin, thereby improving the
accuracy of the monitor.9,12,15

Despite following all of the manufacturer’s recom-
mendations for calibration and sensor probe fixation,
concurrent transcutaneous and arterial blood gas
measurements did not have good correlation in this
group of critically ill dogs. Given that correlation

Figure 4: Correlations between (A) bicarbonate (HCO3
−) and

(B) PaCO2 and the difference between transcutaneous CO2 and
PaCO2 (PtcCO2 − PaCO2) measured in 23 critically ill dogs.

analyses alone are not recommended for assessment of
agreement between 2 diagnostic tests, Bland-Altman
analysis was used since the results more reliably indi-
cate the accuracy of the diagnostic test.28 Bland-Altman
analyses revealed that the transcutaneous blood gas
measurements had moderate agreement with arterial
blood gas measurements. The mean bias (difference)
between the measurements was relatively small with
PtcO2 over-estimating PaO2 by an average of approx-
imately 5 mm Hg, whereas PtcCO2 over-estimated
PaCO2 by an average of approximately 9 mm Hg.
However, the LOA were extremely wide, indicating
that the transcutaneous measurements were often very
different from the arterial blood gas measurements.
The AARC clinical practice guidelines state that while
PtcCO2 typically over-estimates PaCO2, “ . . . the ac-
ceptable clinical range of agreement for PtcCO2 is ±
7.5 mm Hg.”10 Therefore, the PtcCO2 measurements
from the present study would not be considered clin-
ically acceptable by AARC standards. In comparison
with human studies, agreement between transcu-
taneous and arterial PO2 and PCO2 measurements
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Figure 5: Correlations between diastolic arterial pressure and
the difference between (A) transcutaneous PO2 and PaO2 (PtcO2

− PaO2) and (B) transcutaneous PCO2 and PaCO2 (PtcCO2 −
PaCO2) measured in 23 critically ill dogs.

was inferior in the present study, as most human studies
show mean differences of < 5 mm Hg.29–34

Inaccuracies in transcutaneous blood gas measure-
ments can occur for many technical reasons including
inappropriate heating of the sensor probe, improper
calibration, trapped air bubbles underneath the sensor
probe, leaks in the fixation device, or damaged sensor
probe membranes.9,12,15 Likewise, some clinical situa-
tions can result in falsely increased or decreased transcu-
taneous blood gas values. For example, falsely decreased
PtcO2 and PtcCO2 measurements can occur with hypo-
perfusion or vasoactive drug administration, peripheral
edema or increased thickness of the skin or subcuta-
neous tissue, and placement of the sensor on distal ex-
tremities with limited blood flow.9,12,15 Attempts to limit
clinical reasons for the transcutaneous monitor’s inac-
curacies were made including placement of the sensor
probe on the dog’s body, rather than its extremities, and
avoidance of application of the sensor probe to areas
of peripheral edema. Unfortunately, the exact location
of the sensor probe application site was not standard-
ized in the present study, which might have affected the

accuracy of the results. The preferred location to obtain
transcutaneous measurements in neonates and small pe-
diatric patients is the upper chest.10 Other locations more
commonly used in adults include the lateral abdomen,
chest, buttock, upper thigh, forearm, ear lobe, cheek, or
forehead.10 Given the authors’ limited experience with
the transcutaneous blood gas monitoring device, it is
possible that some of the values did not agree with arte-
rial blood gas measurements because of technical issues
with sensor probe placement.

Although the authors also followed AARC guidelines
by not comparing PaO2 to transcutaneous measurements
in dogs with PaO2 > 100 mm Hg, PtcO2 is even con-
sidered less accurate in human patients with a PaO2 >

80 mm Hg.21 The mean PaO2 measured in dogs in the
present study was approximately 85 mm Hg and 3 dogs
with PaO2 over 100 mm Hg were excluded from analy-
sis because of the decreased accuracy of transcutaneous
blood gas measurements in patients with hyperoxemia.
An experimental study evaluating the accuracy of a
PtcO2 monitor in healthy anesthetized cats revealed that
PtcO2 closely matched PaO2 during normoxemia and
hypoxemia, but was significantly lower than PaO2 dur-
ing hyperoxemia.35 Conversely, falsely increased PtcO2

measurements occur with improper sensor probe appli-
cation or increased capillary blood flow due to patient
movement.9,12,15 Therefore, these factors might have af-
fected the results in the present study as well.

PtcO2 measurements are also affected by altered
blood flow to the probe application site during
hypoperfusion.9,12,15 This has limited the use of PtcO2

monitoring in neonates and adults, especially those with
severe systemic illness, given that PtcO2 monitoring
in those patients tends to reflect perfusion rather than
oxygenation.9,12,15 An experimental study showed that
the difference between PtcO2 and PaO2 measurements
in dogs with induced hemorrhage increased as the car-
diac output decreased.24 This difference decreased after
the dogs received appropriate fluid resuscitation, sug-
gesting improved accuracy of the monitor when perfu-
sion was restored.24 In other words, PtcO2 appears to
correlate better with mixed venous rather than arterial
PO2 during low cardiac output states. In the present
study, the difference between PtcO2 and PaO2 mea-
surements was moderately negatively correlated with
DAP; however, other measurements of perfusion (eg,
MAP, lactate) were not correlated. It is possible that the
difference between PtcO2 and PaO2 measurements in
this group of critically ill dogs was affected by the de-
crease in DAP and subsequent decrease in oxygen de-
livery to the sensor probe site. PtcO2 measurements are
also influenced by skin thickness, which influences local
oxygenation.17,36 The oxygen consumption of the skin is
increased in thicker skin, which increases the difference
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between PtcO2 and PaO2 in older infants and children.37

Differences in skin thickness might have also influenced
the PtcO2 measurements in dogs in the present study,
given that the sensor probe application site was not
standardized.

In human patients, PtcCO2 measurements are more ac-
curate in comparison to PtcO2 measurements,21 giving
rise to the recent development of combination PtcCO2

and pulse oximetry (rather than PtcO2) sensors. In the
present study, PtcCO2 measurements averaged approx-
imately 20% (9 mm Hg) higher than PaCO2 measure-
ments. There are very few published studies investigat-
ing the use of transcutaneous blood gas monitoring in
dogs; however, a study investigating 8 adult dogs anes-
thetized for orthopedic surgery found a mean ± SD dif-
ference between PtcCO2 and PaCO2 of 8.9 ± 12 mm Hg
10 minutes after sensor application.23 Thus, that transcu-
taneous blood gas monitor also over-estimated PaCO2 in
that group of dogs and had unacceptably large variabil-
ity in the measurements. However, the monitor had an
acceptable lag time (6.2 min) during the adjustment from
normal to hyperventilation.23 Therefore, the authors cau-
tioned against the use of the monitor to replace PaCO2

measurements, but recommended that it instead be used
to trend PCO2 values.

Interestingly, the difference between PtcCO2 and
PaCO2 was moderately negatively correlated with
HCO3

− and weakly positively correlated with DAP. The
reason for these conflicting findings is unclear. Typi-
cally, decreased HCO3

− would be considered a reflec-
tion of poor perfusion, which normally falsely decreases
PtcCO2 measurements. However, a study investigating
PtcCO2 monitoring in the early 1980s found that PtcCO2

values became falsely increased during low cardiac out-
put states in adult human patients during surgery or ICU
hospitalization.22 Unfortunately, that does not explain
the positive correlation between the PtcCO2 − PaCO2

difference and DAP, which is generally increased with
improved perfusion. Local blood and tissue production
of CO2 is very dependent upon blood flow to the site,
which is why it is common practice for monitors to ap-
ply a correction factor to PtcCO2 measurements, so that
they more closely reflect the PaCO2 value. It is possible
that the increased DAP improved blood flow to the sen-
sor probe site, such that local CO2 production increased,
thereby increasing the difference between the PtcCO2

and PaO2 values.
The present study also found that the difference be-

tween PtcCO2 − PaCO2 was strongly negatively corre-
lated with PaCO2, suggesting that the accuracy of the
transcutaneous monitor decreased during hypocapnia
(hyperventilation). In human studies, PtcCO2 is more
accurate during normal and hypoventilation compared

to hyperventilation, as evidenced by difficulty detecting
PtcCO2 at a lower PaCO2.19,20 Likewise, a study investi-
gating 6 healthy anesthetized cats found that the differ-
ence between PtcCO2 and PaCO2 was also wider dur-
ing hypocapnia, compared to normo- or hypercapnia.35

Similarly, the study using 8 anesthetized dogs found
that the difference between PtcCO2 − PaCO2 decreased
during hypercapnia.23 Therefore, in patients with un-
stable or changing ventilatory patterns, especially hy-
perventilation that might lead to hypocapnia, PtcCO2

measurements might not be accurate. This inaccuracy is
hypothesized to occur due to a reflex vasoconstriction
and alterations in blood flow to the sensor probe site
and subsequent decreased diffusion of CO2 across the
skin.19,20

It is likely that species differences exist with regards
to the transcutaneous monitor’s ability to accurately
measure PCO2. The transcutaneous monitor used in the
present study has a pH-sensitive glass electrode covered
in a CO2-permeable Teflon membrane, which allows CO2

to diffuse across and combine with water to form car-
bonic acid. The carbonic acid dissociates to HCO3

− and
H+, which causes pH changes that result in electrical out-
put calibrated to be linearly associated with changes in
CO2.38 The Severinghaus method is then used to analyze
the electrical output from the electrode and calculate the
transcutaneous blood gas values based on formulas tak-
ing into account skin metabolism and local production of
CO2. These monitors and the formulas they use are cali-
brated for people,g but not dogs that have a different skin
thickness and likely different skin metabolism and local
CO2 production compared to people. To the authors’
knowledge, no such formula has been derived for use in
dogs, and all published studies investigating the use of
transcutaneous monitors in veterinary patients use this
same technology and human calibration formulas.

Aside from the inherent limitations of using a moni-
tor designed and calibrated for humans, there are other
limitations of the present study that might have affected
the results and warrant discussion. Only a small number
of dogs with relatively normal blood gas values were
included in the study, and an arterial blood gas was only
sampled once at 30 minutes after sensor probe place-
ment. While the authors attempted to perform blood
sampling and record data when the dog’s condition was
stable, ongoing changes in blood pressure, oxygenation,
or ventilation might have affected the accuracy of the
PCO2 and PO2 measurement. There was also 1 dog in-
cluded that was administered dobutamine, which might
have resulted in alterations in peripheral blood flow
and the accuracy of the transcutaneous monitor.9,15,18

Unfortunately, because only 1 dog received vasoac-
tive medications, this precluded the ability to perform
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statistical analysis to determine whether the vasoactive
medications were associated with a larger difference
between the transcutaneous and arterial blood gas mea-
surements. Additionally, the site of the sensor probe
application was not standardized in terms of the exact lo-
cation on the thorax or abdomen. Future studies should
ensure that a consistent site is used for sensor probe
fixation, to avoid alterations in skin thickness in differ-
ent parts of the body affecting results. Finally, relatively
stable hospitalized patients were included; therefore, ex-
treme variations in PCO2 or PO2 that would be expected
in other critically ill dogs were not investigated in the
present study.

Conclusions

Agreement between transcutaneous and arterial PO2

and PCO2 measurements in the present study was in-
ferior to that reported in similar adult and pediatric
human studies. Therefore, the transcutaneous monitor
studied was not considered reliable in estimating PaO2

or PaCO2 in this group of critically ill dogs. Although the
monitor might be considered for noninvasively trending
blood gas measurements, it should not be used alone,
without intermittent measurement of arterial blood gas
values. Differences between transcutaneous and arterial
blood gas measurements were increased in dogs with
hypocapnia or hypoperfusion; therefore, transcutaneous
measurements might over-estimate arterial blood gas
values during those situations. As such, transcutaneous
blood gas measurements should always be verified with
arterial blood gas results. Further studies investigating a
larger population of critically ill dogs are needed to fully
determine the clinical utility of this and other transcuta-
neous blood gas monitors.
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Footnotes
a TCM CombiM monitoring system; Radiometer Medical ApS, Bronshoj,

Denmark.
b ABL800 FLEX analyzer; Radiometer Medical ApS.
c Cardell Veterinary Monitor, 9401 BP; Sharn Veterinary Inc, Tampa, FL.
d SAS/STAT v 9.2, SAS Institute, Cary, NC.
e GraphPad Prism 6; GraphPad Software, San Diego, CA.
f Dobutamine Injection, Abbott Laboratories Ltd, Saint-Laurent, QC,

Canada.
g TCM TOSCA/CombiM monitoring systems, Operator’s manual from

software version 3.0, Radiometer Medical ApS.
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