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Abstract

Pressure injuries have a high incidence in elderly and critically ill patients, and can endanger lives in severe cases.
The key to reducing the incidence of pressure injuries is to find an objective, noninvasive, automatic and
consistent scientific method for assessing pressure injuries. To serve this need, we conducted a clinical study to
investigate the potential of using transcutaneous oxygen tension (TcPO2) and transcutaneous carbon dioxide
tension (TcPCO2) for assessing pressure injuries. From the results of the study we found that first, the values
of TcPO2 and TcPCO?2 are sensitive to the change of pressure imposed on the measured region and to the risk
status of a pressure injury when a pressure is imposed. Second, the magnitude of change in TcPO2 and TcPCO2
is higher in patients with a high risk of a pressure injury compared with those who have a low risk. Third, TcPO2
and TcPCO2 are both significantly correlated with the Braden score, the widely used score for assessing the
risk of a pressure injury. Therefore, TcPO2 and TcPCO2 have a potential to be an effective and convenient
scientific tool for assessing the risk of pressure injuries.
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Introduction

Braden scale in their clinical work [7-9]. First, it lacks
authoritative scientific assessment standards and
quantitative criteria for grading all risk factors. This
leads to a wide deviation of scores and causes low
sensitivity and specificity in predicting the risk of a

A pressure injury is the local lesion of skin
and/or soft tissue at the bone prominence or the
contact with a medical instrument [1]. It is a common
complication with the skin and soft tissue in patients
with limited autonomous use of their bodies. It has a

higher incidence in susceptible populations such as
the elderly and critically ill individuals. It can
endanger lives in severe cases, resulting in a heavy
burden being placed on patients [2]. Early assessment
of the risk of pressure injuries is crucial in reducing its
incidence [3, 4].

The Braden scale is currently the most widely
used tool for assessing the risk of developing a
pressure injury [5, 6]. However, clinical practice
reveals two major issues when nurses apply the

pressure injury. Second, there are certain limitations
when it is used in the ICU because almost all ICU
patients are in the high-risk population and there are
only slight differences between the scores of high risk
and extremely high risk patients. A Cochrane review
showed that the use of a structural questionnaire to
assess pressure injury risk is not directly related to the
reduction of pressure injuries [10].

It is generally agreed upon that the key to
reducing the incidence of pressure injuries for
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patients is to find an objective, noninvasive, automatic
and consistent scientific method for assessing
pressure injuries [11]. Safe, simple and reliable
monitoring indices have great value in modern
disease management [12]. Likewise, this type of
indices can play a key role in predicting the
occurrence, guiding the treatment and judging the
prognosis of pressure injuries. At present, there are
mainly 4 means of noninvasive monitoring that can be
used for pressure injury monitoring: Laser Doppler
blood flow monitoring, Laser Doppler imaging,
TcPO2 and TcPCO2, and the surface temperature of
skin. Laser Doppler blood flow monitoring and laser
Doppler imaging equipment are expensive, complex
and difficult to use extensively during care.
Monitoring skin surface temperature is simple, but it
can only indirectly reflect the hypoxia condition of
local pressed tissues. Only TcPO2 and TcPCO2 can
directly monitor the capillary gas content in the local
tissues noninvasively and they are readily measured
with objective readouts.

Studies have been conducted to explore the
relationship between TcPO2 (and TcPCO2) and
pressure injuries [13-15]. For example, Baldwin [15]
demonstrated that the post-pressure TcPCO2 mean
levels were lower at all time-points and TcPCO2 mean
levels were higher at most time-points in the subjects
who were able to move compared to those who could
not.

Although the Braden scale has much
controversy, it is still the standard method for
assessing the risk of a pressure injury. To explore the
potential of TcPO2 and TcPCO?2 as a tool to evaluate
the risk of a pressure injury, it is necessary to
investigate the relationship between TcPO2 (or
TcPCO2) and the Braden score. However, a literature
review shows a lack of studies in this area [16-18]. To
fill this gap, we conducted a study to investigate the
correlation between TcPO2 (and TcPCO2) and the
Braden score.

It has been shown that the predictive value of
using the Braden scale to predict the risk of pressure
injuries is low, only 8%-13% [19], which hints that
correlation analysis alone is not enough. To
investigate the use of TcPO2 (and TcPCO2) to assess
the risk of pressure injuries, we need to further
explore whether TcPO2 (and TcPCO2) has the
following properties that an effective metric for
assessing the risk of a pressure injury should have: 1)
its value is sensitive to not only the risk status of
pressure injuries but also to the change of pressure
imposed on the measured region, and 2) the
magnitude of its change is higher in the patients with
a high risk of pressure injuries compared to those with
a low risk. Our study was accordingly designed to test

whether TcPO2 (and TcPCO2) has the aforemen-
tioned properties as well as investigate its correlation
with the Braden score.

Material and Methods
Study Subjects

Convenience sampling was adopted to select 80
inpatients in Beijing Chaoyang Hospital from
February 1, 2017 to May 31, 2017. Selected subjects
must have no pressure injuries. The research was
reviewed and approved by the Ethics Committee of
Beijing Chaoyang Hospital, an affiliated hospital of
Capital Medical University, Beijing, China and the
item number was 2017-KE-86. All the subjects have
signed a written informed consent form.

To investigate whether TcPO2 (and TcPCO2) has
the properties of an effective metric for assessing the
risk of pressure injuries described in the Introduction
Section, we need to first define the status of the risk
for a pressure injury. Due to inaccuracies in the
Braden Score, we do not use the defined categories of
pressure injury as defined by Braden score. On the
other hand, considering that the Braden score is still
the gold-standard for assessing the risk of pressure
injury, we adopt a balanced approach to define the
risk status of a pressure injury, namely defining the
status of risk into only two groups, a high-risk group
(i.e., patients with a Braden score of no more than 12
points) and a low-risk group (i.e., patients with a
Braden score of 15 to 22 points). Considering the
inaccuracies in the Braden score, we do not classify
the patients with a Braden score of 12 to 15 into the
low-risk or high-risk groups. General data were
collected using a self-designed questionnaire. It
included age, gender, disease diagnosis, arterial blood
gas and other related conditions of the patients in the
study.

This study contains 31 cases (25 male, 6 female,
aged 41~88 years old and average age of 71.56+12.30
years) in the high-risk group and 49 cases (32 male
and 17 female, aged 40~87 years old and average age
of 66.94+15.23 years) in the low-risk group. The age
difference of the two groups was statistically analyzed
using a t-test, and the gender difference was checked
by a chi-square test. The results showed no
statistically significant differences in age (t=1.439,
P=0.155) and gender (chi-square=1.496, P=0.221)
between the two groups.

Methods

The patients were scored by nurses using the
Braden scale after admission, and were divided into
the high-risk and low-risk groups. The researchers
conducted a unified training for the members of the
study group on TcPO2 and TcPCO2 measurement.
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The members of the study group repeated the Braden
scoring for the patients before the test, confirmed the
division of the high-risk and low-risk groups, and
measured TcPO2 and TcPCO2 within 48 hours after
admission.

TcPO2 and TcPCO2 directly monitor the
capillary gas content in the local tissue of any part of
the body non-invasively. We used Radiometer TCM
CombiM and followed instructions provided in the
equipment manual. All methods were performed in
accordance with the relevant guidelines and
regulations. This study measured TcPO2 and TcPCO2
values at the sacrococcygeal regions in lateral and
supine positions and the anterior chest in a lateral
position in the same way for both groups with the
following procedure.

(A) After starting the machine, the
temperature of the probe was set to 44°C to ensure the
maximum relaxation of the blood vessel. The probe
was preheated for 20 minutes. Starting with lateral
position, to ensure the sacrococcygeal regions were
not pressed, the researchers placed the monitoring
probe on patients” sacrococcygeal regions. TcPO2 and
TcPCO2 were measured for ~20 minutes after they
stabilized (i.e., variation range<2mmHg, and the
retention time >5min).

(B) Patients changed from lateral to supine
position. Then TcPO2 and TcPCO2 were measured for
~20 minutes after they stabilized.

(C) The electrode was removed from the
patients” sacrococcygeal regions. The researcher
placed a monitor probe on the patient’s anterior chest
(the second intercostal space, left midclavicular line)
while the patient was in lateral position and TcPO2
and TcPCO2 were measured for ~20 minutes after
they stabilized.

The statistical software R version 3.4.1 was used
for statistical analysis. Mean+ standard deviation/
median was used to describe measurement data, such
as age and gender. The distributions of TcPCO; and
TcPCO; values are essentially normally distributed
after the normality is checked. Thus t-test was
adopted to compare the value of TcPO2 (and TcPCO2)
before and after the position change. The correlations
between the change of TcPO2 and the Braden Scale
and between the change of TcPCO2 and the Braden
Scale were investigated using correlation analysis.

Results

Comparison of TcPO2 and TcPCO2 between
the sacrococcygeal and chest regions in lateral
position

We calculated the difference between TcPO2 and
TcPCO2 in the sacrococcygeal region and that in the

chest in the lateral position and tested its statistical
significance using a t-test. The results are displayed in
Table 1 which shows no statistically significant
difference in the TcPO2 (and TcPCO2) values between
the sacrococcygeal and chest regions of patients in a
lateral position in either the low- or high- risk group.
That is, there is no statistically significant difference in
tissue perfusion between sacrococcygeal regions and
anterior chest when the sacrococcygeal regions bear
little pressure.

Table 1. Comparison results for TcPO2 and TcPCO2 values
between the sacrococcygeal region and the chest of patients in
lateral position

Patient group Pressure Value in the Value in the Chest P value

Measurement sacrococcygeal region

high-risk TcPO, 73.97 £25.52 73.03 & 22.84 0.879
TcPCO: 41.63 £10.88 41.78 £ 1091 1.000
Low-risk TcPO, 64.92 +20.73 69.80 + 22.36 0.308
TcPCO: 39.14+7.93 40.84 =9.82 0.502

The values of TcPO2 and TcPCO?2 in supine
position are sensitive to the risk status of
pressure injury

We calculated the differences in TcPO2 (and
TcPCO2) values between the high-risk and low-risk
groups in pressure injury in either lateral or supine
position and tested their statistical significance using
a t-test. The results are displayed in Table 2, which
shows that, for both TcPO2 and TcPCO2 in the
sacrococcygeal region, there is no significant
difference between the high-risk and low-risk groups
in lateral position. This indicates that there is no
significant difference of TcPO2 and TcPCO2 in
sacrococcygeal regions between the high- and low-
risk groups when their sacrococcygeal regions bear no
pressure. By contrast, in supine position, the TcPO2
values in the high-risk group are significantly lower
than those in the low-risk group; the TcPCO2 values
in the high-risk group are significantly higher than
those in low-risk group. These results indicate that
TcPO2 and TcPCO2 are both sensitive to the risk
status of pressure injury when measured in supine
position (namely when a pressure is imposed in the
measure region), but not sensitive when measured in
the lateral position (namely when no pressure is
imposed in the measured region).

Table 2. Comparison results of TcPO2 and TcPCO?2 values for
the sacrococcygeal region of patients in lateral or supine position

Patient TcPO; in lateral TcPCO; in TcPO; in supine TcPCO:z in supine

group position lateral position position position
High-risk ~ 73.97+25.52 41.63+10.88 15.66+5.17 72.81£28.23
Low-risk  64.92+20.73 39.14+7.93 28.18+7.65 48.47+17.61
P value 0.059 0.403 0.028 0.000
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The values of TcPO2 and TcPCO2 are
sensitive to the change of pressure imposed on
the measured region

We calculated the difference in TcPO2 (and
TcPCO2) values in the sacrococcygeal region of a
patient when changing from lateral position to supine
position for both high- and low- risk groups and
tested whether the difference was zero. The results are
shown in Table 3 which indicates that, for a patient in
either the high- or low- risk group in pressure injury,
there is a significant difference in both TcPO2 and
TcPCO2 when the patient changes from lateral
position to supine position. The TcPO2 decreases and
the TcPCO2 increases during the position change.
This result indicates that the values of TcPO2 and
TcPCO2 are sensitive to the change of pressure
imposed on the measured region.

Table 3. Comparison results of TcPO2 and TcPCO2 values in the
high-risk and low-risk groups for pressure injury in both lateral
position and supine position

Table 4 which indicates that the magnitude of TcPO2
reduction and TcPCO?2 increase in the high-risk group
is significantly more than in the low-risk group. This
result suggests that the changes in magnitude for
TcPO2 and TcPCO?2 are sensitive to the risk status for
pressure injuries.

Table 4. Comparison results of the change of TcPO2 (ATcPO2)
and the change of TcPCO2 (ATcPCO?2) from a lateral position to
a supine position in the high- and low- risk groups

Patient group ATcPO, ATcPCO,
High-risk Group -58.31 = 20.80 31.19 =9.92
Low-risk Group -36.73 £ 9.21 9.33 + 2.66
P value 0.003 0.000

Patient Pressure Value in lateral Value in supine P
group Measurement position position value
High-risk  TcPO» 73.97 + 25.52 15.66 + 5.17 0.000
TcPCO2 41.63 £+ 10.88 72.81 + 28.23 0.000
Low-risk ~ TcPO: 64.92 + 20.73 28.18 + 7.65 0.000
TcPCO2 39.14 £ 7.93 4847 £ 17.61 0.000

The magnitudes of changes in TcPO2 and
TcPCO?2 are sensitive to the risk status of a
pressure injury

We calculated the change of TcPO2 (i.e,
ATcPO2) and the change of TcPCO2 (i.e., ATcPCO2)
from a lateral position to a supine position in both the
high-risk and low-risk group and tested the mean
difference using a t-test. The results are displayed in

correlation =0.415, p =0.0001

Change of TcPO2

-100 o

T T T
10 15 20

Braden Score

The correlation between TcPO2 (and
TcPCO2) change and the Braden Scale when
the patients changed from lateral position to
supine position

We calculated the Pearson’s correlation
coefficient between ATcPO2 and the Braden Scale and
between ATcPCO2 and the Braden Scale, and tested
whether the correlation coefficients are greater than 0.
The results are displayed in Figure 1, which indicates
that there is a significant positive correlation between
ATcPO2 and the Braden Scale (p=0.0001) and
significant negative correlation between ATcPCO2
and the Braden Scale (p < 0.0001). The correlation
coefficient is 0.415 for ATcPO2 and 0474 for
ATcPCO2. We further conduct regression analysis for
using the Braden score to predict the change of TcPO2
and TcPCO2. The adjusted R-squared is 16.2% for
ATcPO2 and 21.4% for ATcPCO2 which indicates that
the Braden score can explain 16.2% of ATcPO2
variation and 21.4% of ATcPCO2 variation.

correlation =-0.474,p=0

80

60 —

Change of TcPCO2

Braden Score

Figure 1. The relationship between the change in TcPO2 and the Braden Scale (Left Panel) and between the change in TcPCO2 and the Braden Scale (Right Panel)
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Discussion

Pressure injuries not only bring physical and
mental distress to patients, but also increase medical
expenses and nurse workload [20, 21]. Early
assessment, detection and prevention are keys to
reducing the incidence of pressure injuries [3, 4]. The
Braden scale is currently the most widely used scale in
clinical care of pressure injuries [5, 6]. However,
clinical practice reveals numerous issues when nurses
apply the Braden scale to their clinical work [7-9].

Researchers have developed numerous methods
to evaluate the activity of soft tissue after being
pressed. These methods included Laser Doppler,
Blood Flow Monitoring, Laser Doppler Imaging, skin
surface temperature, reflectance spectroscopy and
TcPO2 and TcPCO2 et al. TcPO2 and TcPCO2 have
been proven to be an accurate and repeatable method
for measuring the activity of tissues after being
pressed [22]. Although the Braden score has
numerous issues when assessing the risk of pressure
injury, it is still widely used in clinics. Thus, it is
necessary to explore the correlation between Braden
score and TcPO2 (and TcPCO2) when determine
whether TcPO2 (and TcPCO2) can serve as an
effective metric in assessing the risk of pressure
injuries. The results of this study show that there is a
statistically significant positive correlation between
ATcPO2 and the Braden Scale and a statistically
significant negative correlation between ATcPCO2
and the Braden Scale. That is, when the values of
ATcPO2 were smaller, the scores of Braden scale were
lower, and the risk of pressure injury was higher;
when the values of ATcPCO2 were smaller, the scores
of Braden scale were higher, and the risk of pressure
injury was lower.

Our study further demonstrates two beneficial
properties of using TcPO2 and TcPCO?2 for assessing
the risk of a pressure injury. First, their values are
sensitive to not only the change of pressure imposed
on the measured region but also the risk status of a
pressure injury when the patient is measured in
supine position.

Second, the magnitude of their changes is higher
in the patients with a high risk than in those with a
low risk. The comparison of TcPO2 and TcPCO2 in
patients with high and low risks of pressure injuries
should also provide a valuable reference for future
research in TcPO2 and TcPCO2 studies. See
“Supplementary Digital Content - Comparative
Discussion” for detailed discussion.

Based on previous studies, the Braden scale can
predict 8%-13% of the variation of the risk of pressure
injury [19]. The results of this study indicate that the
Braden score can explain 16.2% of TcPCO2 change

variation and 21.4% of TcPCO2 change variation. The
three percentages are similar. We are curious how
much of the change of TcPO2 (and TcPCO2) can be
used to explain the variation in the occurrence or
status of pressure injuries. Further research should be
conducted to investigate the relationship between
TcPO2 (and TcPCO2) and the direct occurrence or
status of pressure injuries. There is difficulty in
collecting the information on the occurrence or status
of pressure injuries of patients in a study but
researchers must overcome this difficulty and conduct
studies to address this question before TcPO2 and
TcPCO2 can be practically used as a method for
assessing the risk of pressure injuries in clinics.

Since the results in this study demonstrate the
large potential of using TcPO2 and TcPCO2 to assess
the risk of pressure injuries, it is valuable to conduct
continuous research in exploring the use of TcPO2
and TcPCO2 as a method for assessing the risk of
pressure injuries. Currently, continuous monitoring of
physiological signals is under fast development
[23-28]. Similarly, further work can be conducted to
explore the continuous monitoring of TcPO2 and
TcPCO2 to increase the specificity and sensitivity of
using TcPO2 and TcPCO2 to assess the risk of
pressure injuries.

In summary, the research in our study has the
following significance. First, this is the first time a
statistically significant correlation between the change
of TcPO2 (and TcPCO2) and Braden score, the current
gold-standard for assessing the risk of pressure injury,
has been shown. Second, we used a clinical study to
demonstrate the large benefits of using TcPO2 and/or
TcPCO2 as a tool for assessing the risk of pressure
injuries. This brings evidence and scientific support
for developing a TcPO2- and TcPCO2-based tool for
assessing the risk of pressure injury. Third, the
comparative results related to TcPO2 and TcPCO2
obtained in this clinical study should give reference
for future research on pressure injuries.

Abbreviations

TcPO2: transcutaneous oxygen tension; TcPCO2:
transcutaneous carbon dioxide tension.
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