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Abstract

The Oxygen Reserve Index (ORi™) is a non-invasive variable that reflects oxygenation continuously. The aims of this study
were to examine the relationship between arterial partial pressure of oxygen (PaO,) and ORI during general anesthesia, and
to investigate the usefulness of ORi as an indicator to avoid hyperoxia. Twenty adult patients who were scheduled for surgery
under general anesthesia with arterial catheterization were enrolled. After induction of general anesthesia, inspired oxygen
concentration (FiO,) was set to 0.33, and arterial blood gas analysis was performed. The PaO, and ORI at the time of blood
collection were recorded. After that, FiO, was changed to achieve an ORi around 0.5, 0.2, and 0, followed by arterial blood
gas analysis. The relationship between ORi and PaO, was then investigated using the data obtained. Eighty datasets from
the 20 patients were analyzed. When PaO, was less than 240 mmHg (n=69), linear regression analysis showed a relatively
strong positive correlation (+*=0.706). The cut-off ORi value obtained from the receiver operating characteristic curve to
detect PaO, > 150 mmHg was 0.21 (sensitivity 0.950, specificity 0.755). Four-quadrant plot analysis showed that the ORi
trending of PaO, was good (concordance rate was 100.0%). Hyperoxemia can be detected by observing ORi of patients under

general anesthesia, and thus unnecessary administration of high concentration oxygen can possibly be avoided.
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1 Introduction

Almost all anesthesiologists observe percutaneous oxygen
saturation (SpO,) as an indicator to adjust inspired oxygen
concentration (FiO,) during general anesthesia. Currently,
SpO, is indispensable in clinical practice as a monitor that
can estimate the oxygen saturation of arterial blood nonin-
vasively. SpO, is useful for adjusting FiO, to detect and treat
hypoxemia [1]. On the other hand, when SpO, approaches
100% (equivalent to an arterial partial pressure of oxygen
[PaO,] greater than about 128 mmHg), there can be no fur-
ther increase in saturation, regardless of how high the PaO,
rises [2]. Therefore, SpO, alone is not enough to monitor
oxygenation in a hyperoxic range.
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In the field of general anesthesia and intensive care, there
have been many reports of adverse effects related to hyper-
oxia. They have reported that hyperoxia is associated with
the development of atelectasis [3] and elevated mortality
rates of serious diseases in intensive care unit [4, 5]. Addi-
tionally, acute lung injury is also related to hyperoxia [6].
Although hyperoxia-related side effects have been reported,
several studies have suggested that hyperoxia occurs fre-
quently in the clinical setting [7, 8]. Arterial blood gas analy-
sis is the only way to quantify hyperoxemia in the hyperoxic
range [9]; however, this measurement requires arterial cath-
eterization and oxygenation is not continuously monitored.

The Oxygen Reserve Index (ORi™) (Masimo Corp.,
Irvine, CA, USA) is a variable that is related to real-time
oxygenation reserve status in the mild hyperoxic range (PaO,
of about 100 to 200 mmHg) [10]. ORi can be measured
noninvasively by applying a sensor that is multi-wavelength
pulse co-oximeter adhesive sensor. ORi is a nondimensional
index that changes according to the oxygenation reserve
status, from 0.00 (no reserve) to 1.00 (maximum reserve).
Although some studies have examined ORi as an indicator
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for early detection of hypoxemia [11-14], there have been
few clinical reports that focused on ORI to avoid hyperoxia
in the clinical setting. We hypothesized that if the relation-
ship between ORi and PaO, is elucidated, it may be possible
to avoid excessive hyperoxia by monitoring ORi. The aim of
this study was to examine the relationship between PaO, and
ORI during general anesthesia, and investigate the useful-
ness of ORI as an indicator of hyperoxemia.

2 Materials and methods
2.1 Study design

This prospective study was approved by the Ethics Commit-
tee of Fukushima Medical University (N0.2636), and the
trial was registered at the University Hospital Medical Infor-
mation Network Clinical Trials Registry (UMIN000021118).
Written informed consent was obtained from all individual
participants.

2.2 Patient population

Twenty patients who were scheduled for surgical procedures
under general anesthesia between April, 2016 and May, 2017
were enrolled. The inclusion criteria were: (1) an age of
20 years or older; (2) an American Society of Anesthesiolo-
gists physical status classification of 1 or 2; and (3) an arte-
rial catheter insertion is required for the surgery to monitor
blood pressure continuously and/or analyze arterial blood
gas. The exclusion criteria were: (1) an inability to wear the
sensor due to deformity of fingers; (2) an inadequate signal
due to hypoperfusion of the fingers; (3) cardiac or pulmo-
nary disease (e.g. chronic obstructive pulmonary disease,
interstitial pneumonia); and/or (4) preoperative anemia due
to hemoglobinopathies (e.g. sickle cell disease, thalassemia).
In cases where one-lung ventilation was performed, the data
were collected before or after the ventilation periods.

2.3 Data collection

In each case, after the patient entered the operating room, a
sensor capable of measuring ORi (rainbow® sensor, R2-25,
Revision L, Masimo Corp.) was applied to the third or fourth
finger. The sensor was shielded from ambient light. The
SpO, and ORI values were displayed on the screen of Root®
(software: v1593i) with Radical-7® (software: v1451i, Tech
board: 7c07, Masimo Corp.).

The arterial catheter was inserted into the radial artery
after induction of general anesthesia. First, the FiO, was
set at 0.33, approximately 30 min after induction of gen-
eral anesthesia was completed. At each step, after chang-
ing FiO,, we waited for approximately 15 min or longer
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until the desired ORi value was reached and a stable equi-
librium was obtained. Then, arterial blood gas analysis
was performed using 1 mL blood collected from the cath-
eter. PaO, was obtained from arterial blood gas co-oxi-
metry (SIMENS RAPIDLAB®1265, Siemens Healthcare
Diagnostics Inc., Deerfield, IL, USA), and the PaO, and
ORI at the time of blood collection were recorded.

Next, the FiO, was adjusted to achieve an ORi of
approximately 0.5, followed by arterial blood gas analysis
and recording of the ORi and PaO,. After that, FiO, was
then adjusted again to achieve an ORi of approximately
0.2, followed by arterial blood gas analysis. If the PaO,
was less than 100 mmHg at this point, the measurement
for the current study was terminated and the FiO, was
returned to optimum concentration. Otherwise, the FiO,
was adjusted to achieve an ORI of approximately 0, fol-
lowed by arterial blood gas analysis and recording of the
ORi. The measurement was then terminated and the FiO,
was optimized.

2.4 Statistical analysis

Data were stored using Microsoft Excel 2013, and all sta-
tistical analyses were performed using EZR (Saitama Medi-
cal Center, Jichi Medical University, Saitama, Japan) [15],
which is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria). More precisely,
it is a modified version of R commander designed to add
statistical functions frequency used in biostatistics.

For analyzing the data of PaO, <240 mmHg (n=69), cor-
relations were performed using Pearson’s correlation coeffi-
cient, and a simple linear regression analysis was performed.
The threshold of PaO, <240 mmHg was chosen according to
a previous study that investigated the relationship between
ORi and PaO, [16]. In addition, a 95% prediction intervals
were determined in the data of PaO, <240 mmHg (n=69).

To obtain the optimal cut-off ORi value to detect
PaO, > 150 mmHg, a receiver operating characteristic
(ROC) curve analysis was used. In order to confirm the pre-
dictability and diagnostic ability of the ROC curve, the area
under the curve (AUC) and its 95% confidence interval (95%
CI) were also determined.

To assess the trending ability of ORi, four-quadrant plot
analysis was performed. For the analysis, all 80 datasets, that
is, 60 changes (3 changes per case) in PaO, (APaO,) and
ORi (AORIi), were used. The concordance rate (defined as
the percentage of data points in the upper right or lower left
quadrant of the four-quadrant plot, where a rate of >92% is
considered good [17]) was calculated. The exclusion zone
was defined as an area of percentage change in AORi<0.1
and/or PaO, < 10 mmHg according to the previous research
[18].



Journal of Clinical Monitoring and Computing (2020) 34:509-514

511

Table 1 Patient characteristics (n=20)

Gender (male/female) 8/12
Age (year) 63+15
Height (cm) 157+5
Weight (kg) 57+8
Body mass index (kg/m)> 23+2
ASA physical status 1; 2 6; 14

Values of age, height, and weight are mean +SD

ASA American society of anesthesiologist, SD standard deviation

3 Results

We obtained 80 datasets from the patients (8 males and 12
females), who had a mean age of 63 + 15 years, and a mean

Fig. 1 ORi and SpO, trends

BMI of 23 + 2 kg/m?. Their characteristics are described in
Table 1. There were no cases where PaO, was lower than
100 mmHg when FiO, was set to achieve ORi around 0.2.

3.1 Relationship between ORi and PaO,

The ORi and SpO, trends of a typical case are shown in
Fig. 1. The individual differences in ORi per case and
PaO, at each four recording points are shown in Fig. 2.
Figure 3a shows the relationship between the ORi and
PaO, of all 80 datasets, and Fig. 3b shows a scatter dia-
gram of ORi obtained when PaO, <240 mmHg (n=69).
A linear regression analysis showed a relatively strong
positive correlation (r*=0.706). The results of the simple
linear regression analysis are shown in Table 2.
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Fig.3 a Scatterplot of all ORi and PaO, values (n=80). The 80
datasets, with the PaO, plotted on the horizontal axis and the ORi
plotted on the vertical axis. b The relationship between the ORi
and PaO, (PaO, <240 mmHg, n=69) and 95% prediction intervals.
The 69 data were showed with the PaO, plotted on the horizon-
tal axis and the ORI plotted on the vertical axis. A linear regression
analysis (solid line) showed a relatively strong positive correlation
(#=0.706). Also shown are 95% prediction intervals (dashed lines)

Table 2 Relationship between ORi and PaO, (PaO,<240 mmHg)
[simple linear regression, n=69; % =0.7059]

Estimate Standard error t Value P value
Intercept —-0.37991 0.04533 —8.381 <0.0001
PaO, 0.00399 0.00031 12.813 <0.0001

3.2 Cut-off ORi value for hyperoxemia

Figure 4 shows the ROC curve to obtain the optimal cut-off
ORI value to detect PaO, > 150 mmHg. The AUC was 0.932
(95% CI 0.875-0.979), and the cut-off value obtained from
the ROC was 0.21 (sensitivity 0.950, specificity 0.755).
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four-quadrant plot analysis and found that the concordance
rate was 100.0% (Fig. 5).

4 Discussion

In the present study, the values of ORi and PaO, were exam-
ined under different oxygen administration conditions during
general anesthesia. We reported the individual differences
in ORi, and found that there was a rather large variability
in ORI values at certain PaO, values (Figs. 2, 3a). Regard-
ing the relationship between ORi and PaO,, Applegate et al.
[16] compared 485 sets of ORi and PaO, values, and found a
positive correlation when PaO, was lower than 240 mmHg
(*=0.536). Because the relationship between ORi and PaO,
could not assume as a simple linear relationship from the
scatter plots of our all 80 datasets (Fig. 3a), we also ana-
lyzed data when PaO, was less than 240 mmHg based on
their report, and found a relatively strong positive corre-
lation between PaO, and ORi (r*=0.706). Moreover, Koi-
shi et al. [14] also reported a positive correlation between
PaO, and ORi (r2= 0.671) in 101 datasets, including some
data where PaO, >240 mmHg. Although the sample size
of the current study was smaller than that in the study by
Applegate et al. these studies’ results showed that there is a
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positive correlation between ORi and PaO,. This indicates
that value of ORi may suggest corresponding PaO, values
to some extent.

There are many reports on the adverse effects of hyper-
oxia and high concentration oxygen [3—6]; therefore, detec-
tion of unnecessary excessive hyperoxia is important. Cur-
rently, there is no gold standard for optimal PaO, during
general anesthesia. Even though their study was performed
in an intensive care unit (ICU), de Jonge et al. [19] investi-
gated the association between PaO, and mortality in 36,307
patients who were treated with mechanical ventilation. They
reported that the association of them was U-shaped, and
that the nadir average mortality was at PaO, of 15—20 kPa
(113-150 mmHg), whereas mortality increased at PaO, <9
(68 mmHg) and > 30 (225 mmHg) kPa. In the current study,
we defined hyperoxemia as PaO, > 150 mmHg to discuss
cut-off ORI value for hyperoxemia. To determine the opti-
mum ORI value for detecting hyperoxemia, we analyzed a
cut-off ORi value. The AUC shown in this study was 0.932;
therefore, the accuracy of the cut-off point (an ORi value of
0.21 for detecting PaO, > 150 mmHg) was high. In ordinary
cases, maintaining an ORi of <0.21 may be reasonable to
prevent hyperoxia. In a recent study, Vos et al. [18] reported
that the cut-off ORI value to detect PaO, < 100 mmHg was
0.01 (sensitivity 0.99, specificity 0.82). Although they
analyzed data obtained from healthy volunteers, based on
the results of their study and the current study, unneces-
sary excessive hyperoxia might be avoided without frequent
blood collection.

Regarding the variation between ORi and its match-
ing PaO,, Applegate et al. [15] also reported that there
was no correlation between ORi and PaO, when PaO,
was 240 mmHg or higher (> =0.0016). Moreover, in the
current study, the variation of PaO, was larger when in

severe hyperoxemia with ORi of around 0.5, compared
with when the ORi was around 0.0 or 0.2. Although ORi
ranges between 0.00 and 1.00, ORi rose up to 0.6-0.7
under general anesthesia and in daily use in our facil-
ity. ORi was able to predict approximate PaO,: however,
ORi value was not able to be used as an alternative to
Pa0,, especially in situations where ORi was relatively
high. Improvements in ORi might be necessary to reduce
the variation in the hyperoxic state in the future. On the
other hand, regarding ORI trending ability, Vos et al. [18]
reported a concordance rate of 94%. Although there were
a few sample in small APaO, range due to the current
study design, our results also showed a good concord-
ance rate (100.0%). As the manufacturer reported, ORi
is useful as a trending variable even in situations where
ORI is relatively high.

The current study has some limitations. First is its small
sample size, which affected the results. Additionally, due
to the small sample size, we could not discuss factors that
affect ORi or methods that more accurately predict PaO,
using ORI. It is plausible that a given patient’s factors (e.g.
age, physique, body temperature, finger perfusion, hemo-
globin concentration) affect their ORi value. Therefore,
ORI might not reflect all changes in PaO,. Recently, the
ORi scale has been updated although our dataset did not
include this version. Clinicians should check the version
when they interpret ORi value.

ORI has unique characteristics reflecting the state of
oxygenation in the hyperoxic range. The present study
examined data under general anesthesia in the operating
room, but ORi’s unique features can provide benefits not
only in the operating room, but also in the ICU and other
fields. In the future, in order to make the most use of ORI,
further clinical study is required.

@ Springer



514

Journal of Clinical Monitoring and Computing (2020) 34:509-514

5 Conclusions

Our analysis of ORI in patients under general anesthesia
demonstrated that PaO, can be predicted to some extent in
a mild hyperoxic range, and there is a possibility that unnec-
essary administration of high concentration oxygen can be
avoided.
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