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Abstract

Background: Regional cerebral oxygen saturation (rSO2) is a non-invasive method of measuring cerebral perfusion; However, serial changes in

cerebral rSO2 values among out-of-hospital cardiac arrest (OHCA) patients in pre-hospital settings have not been sufficiently investigated. We aimed to

investigate the association between the serial change in rSO2 pattern and patient outcome.

Methods: We evaluated rSO2 in OHCA patients using portable monitoring by emergency life-saving technicians (ELTs) from June 2013 to December

2019 in Osaka City, Japan. We divided the patterns of serial of rSO2 change into type 1 (increasing pattern) and type 2 (non-increasing pattern). Patients

in whom measurement started after return of spontaneous circulation (ROSC) were excluded. The outcome measures were ‘Prehospital ROSC’, ‘Alive

at admission’, ‘1-month survival’ and ‘Cerebral Performance Category (CPC) 1 or 20.

Results: Eighty-seven patients were eligible for this analysis (type 1: n=40, median age: 80.5 [IQR: 72�85.5] years, male: n=20 [50.0%]; type 2: n=47,

81 [72�85.5] years, male: n=28 [59.6%]). In a multivariable logistic regression adjusted for confounding factors, outcomes of ‘Prehospital ROSC’ and

‘Alive at admission’ were significantly higher in type 1 than type 2 pattern (11/40 [27.5%] vs. 2/47 [4.26%], AOR 5.67, 95% CI 1.04�30.96, p<0.045

and 17/40 [42.5%] vs. 6/41 [12.8%], AOR 3.56, 95% CI 1.11�11.43, p<0.033). There was no significant difference in ‘1-month survival’ and ‘CPC 1 or 20

between patterns.

Conclusion: Type 1 (increasing pattern) was associated with ‘Prehospital ROSC’ and ‘Alive at admission’. Pre-hospital monitoring of cerebral rSO2

might lead to a new resuscitation strategy.
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Introduction

Regional cerebral oxygen saturation (rSO2) is a non-invasive
method of measuring cerebral perfusion that has been reported in
many studies in the resuscitation field.1�3 In this field, we have
focused on measurement of serial changes in the values of rSO2

rather than measuring a single rSO2 value at one time point.3�6

Some research groups have reported that one-point measurement
of cerebral rSO2 on hospital arrival can predict neurological
outcome in patients with out-of-hospital cardiac arrest (OHCA),7�9

but we thought this might not be correct because in our previous
studies,3,4,6 the values of rSO2 always changed depending on the
patient's situation at the time cerebral rSO2 was measured. In
addition, many near-infrared spectroscopy (NIRS) measurement
devices in clinical use have been created based on the Ito et al.10

study showing an estimated venous/arterial distribution of 70/30%
or 75/25% in the cerebral cortex.11,12 However, Watzman et al.
reported that the exact arterial/venous ratio in the cerebral cortex
is not constant, so use of a fixed ratio may not be a good model by
which to validate the technology.13 Further, it is considered
optimal to measure the change (relative value) from a patient-
specific baseline because the values of rSO2 might change based
on various physiological changes in such as cardiac output,
PaCO2, and pH, and even if the rSO2 values are measured on the
same patient, they will differ on different NIRS devices.14,15

Meanwhile, in the prehospital setting, serial changes in cerebral
rSO2 values among OHCA patients during cardiopulmonary resusci-
tation (CPR) have not been sufficiently investigated, and only limited
data exist.16,17 We developed a portable rSO2 monitor (HAND ai
TOS1; TOSTEC CO., Tokyo, Japan) that is small enough
(170mm�100mm�50mm in size and 600g in weight) to carry in
pre-hospital settings, and for the first time in the world,18measurement
of cerebral rSO2 by emergency life-saving technicians (ELTs) was
started from 2013 in the prehospital setting.5 In 2016, we preliminarily
reported on serial changes in cerebral rSO2 during CPR in the
prehospital setting, recognized their importance, and were convinced
that pre-hospital monitoring of cerebral rSO2 might lead to a new
resuscitation strategy.5 Since then, the number of OHCA patients we
have registered has increased, and in this study, we aimed to evaluate
the association between the pattern of serial change in rSO2 in the
prehospital setting and patient outcome.

Methods

Study design, population, and setting

This was a prospective observational study in which we prospectively
enrolled OHCA patients �18 years old with a measurable rSO2 value
who were treated by ELT from June 2013 to December 2019 in Osaka
City, Japan. Osaka City is located in the central area of Japan, covers
an area of 225.30km2, and has a population of 2,746,983 people
(2020).19 Among the 63 emergency medical service (EMS) ambu-
lance teams of the Osaka Municipal Fire Department, we equipped 9
of 63 ambulances with portable rSO2 monitors. We originally started
with one rSO2 monitor at the beginning of this research and gradually
increased the number of monitors to nine units. Patients in whom
measurement was started after return of spontaneous circulation
(ROSC) were excluded.

TheELTsperformedCPRaccordingtorecommendationsof theJapan
Resuscitation Council Guidelines 2010 or 2015,20,21 which are based on
the International Liaison Committee on Resuscitation. The rSO2 sensor is
attached to the patient's forehead by the ELT (Supplementary Figure 1).
The ELT did not change patient treatment according to the rSO2 data.

We collected pre-hospital data (the EMS ambulance record,
including patient age, sex, initial rhythm, bystander CPR status, and
ambulance time courses) and in-hospital data (patient outcome from
the hospital in charge according to the Utstein style). We then
combined the pre-hospital database data with the rSO2 data.

The pre-hospital portable monitoring of cerebral rSO2 in patients
with OHCA was approved by the Ethics Committee of Osaka
University Graduate School of Medicine (No. 12446-7), and the
institutional review board waived the need for informed consent
because the subjects were all in cardiopulmonary arrest (CPA).

Portable NIRS rSO2 monitoring system

We previously developed a portable rSO2 monitor (HAND ai TOS1;
TOSTEC CO., Tokyo, Japan) (Supplementary Figure 1).5,18 To date,
the HAND ai TOS has not been approved by the Medicines and
Healthcare Products Regulatory Agency (MHRA) or the US Food and
Drug Administration (FDA). The HAND ai TOS system measures
oxygen saturation based on the Beer-Lambert law by using three
different wavelengths of near-infrared LED light, which have specific
absorbance to oxyhaemoglobin and deoxyhaemoglobin. The lights
pass through the skin to a depth of approximately 3cm, and the
reflected lights are sensed by a photodiode. The reflected lights
represent the haemoglobin information mainly in the cerebral cortex.

Evaluation of serial change of rSO2

The system can measure rSO2data every second without the necessity
of arterial pulsation, so it is possible to perform continuous monitoring in
CPA patients. Two rSO2 values, one from the left side and one from the
right side, are acquired continuously, and then the average of the two
values is calculated. The normal range of cerebral rSO2was previously
determined from 15 healthy adult volunteers to be 71.2�3.9% (on room
air) (n=15; 10 men, 5 women; 43.2�8.9 years).22 We divided the
pattern of serial rSO2 change into type 1 (increasing pattern) and type 2
(non-increasing pattern) depending on whether the rSO2 value
increased by at least 5% from the start of monitoring.

Endpoint

The primary outcome measure was ‘Prehospital ROSC’. The
secondary outcome measures were ‘Alive at admission’, ‘1-month
survival’ and ‘Cerebral Performance Category (CPC) 1 or 20.

‘Drop phenomenon’

During this study, we found a ‘Drop phenomenon’ to occur in which the
rSO2 value would decrease sharply, possibly due to circulatory failure
in the brain. Therefore, we decided to additionally evaluate patients in
whom this phenomenon was recognized.

Statistical analysis

Patients’ characteristics and outcomes were compared between two
groups using the Wilcoxon rank-sum test for continuous variables and
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the chi-square test or Fisher's exact test for categorical variables.
Multivariable analysis of the eligible patients was used to assess
factors associated with the outcomes by using logistic regression
models, and adjusted odds ratios (AORs) and their 95%
confidence intervals (CIs) were calculated. Potential confounding
factors based on biological plausibility and previous studies were
included in the multivariable analysis. These potential factors were
age (continuous value), sex (male, female), witness, and
bystander CPR. A p value of <0.05 was considered significant.
All statistical analyses were performed with JMP Pro 13 (SAS
Institute Inc., Cary, NC, USA).

Results

Patient characteristics

Fig. 1 shows the patient flow in this study. During the study period, the
number of patients with OHCA in Osaka City was 18,123, and 94
OHCA patients were registered in this study. Seven patients were
excluded because rSO2 measurement were started after ROSC.
Fig. 2 showed representative cases of type 1 and 2 of serial changes
in cerebral rSO2. Characteristics of the patient without ROSC when
the ELT started monitoring rSO2 are shown in Table 1. In total, 87
patients were eligible for this analysis (type 1 [increasing rSO2

pattern]: n=40, median age: 80.5 [IQR: 72�85.5] years, male; n=20
[50.0%]; type 2 [non-increasing rSO2 pattern]: n=47, 81 [71�84]
years, male: n=28 [59.6%]). The number of patients positive for the
variables of ‘Witness’ and Administration of adrenaline by ELT’ were
significantly larger in type 1 than type 2 pattern (p=0.003 and
p=0.001, respectively).

Comparison of outcome by changing pattern of rSO2

Table 2 shows the outcomes by type of serial change in cerebral rSO2

by a multivariable logistic regression model. The outcomes of
‘Prehospital ROSC’ and ‘Alive at admission’ were both significantly
higher in type 1 than type 2 (11/40 [27.5%] vs. 2/47 [4.26%], AOR 5.67,
95% CI 1.04�30.96, p<0.045 and 17/40 [42.5%] vs. 6/41 [12.8%],
AOR 3.56, 95% CI 1.11�11.43, p<0.033). There was no significant
difference in the outcomes of ‘1-month survival’ (5/40 [12.5%] vs. 1/47
[2.1%], AOR 3.21, 95% CI 0.32�32.72, p<0.324) and ‘CPC 1 or 20 (3/
40 [7.5%] vs. 0/47 [0.0%]).

Drop phenomenon

We recognized this phenomenon in 6 of the 94 OHCA patients and
show a typical case in Fig. 3. This 82-year-old woman showed
pulseless electrical activity (PEA) on her initial ECG (witness [+] and
bystander CPR [+]). Her rSO2 values gradually increased, and she
achieved ROSC. However, during transport to hospital, although her
ECG showed QRS waves, her rSO2 value suddenly dropped. After
this, the ELT recognized PEA and restarted CPR. The other five
patients also achieved ROSC in the prehospital setting, and the ELT
also recognized PEA after the ‘Drop phenomenon’ in the serial change
of rSO2 values. The ‘Drop phenomenon’ was only observed in patients
after achieving ROSC. Table 3 shows the patient characteristics of
these 6 patients with ‘Drop phenomenon’.

Discussion

Our analysis of the cerebral rSO2 measured by ELTs in patients with
OHCA in the prehospital setting revealed that the pattern of serial
change of rSO2 was significantly associated with the outcomes of
‘Prehospital ROSC’ and ‘Alive at admission’. To our knowledge, this is
the first report to focus on the pattern of serial change of cerebral rSO2

measured by ELT in patients with OHCA in the prehospital setting. Our
findings not only provide basic information about how rSO2 might
change in these patients but may also help to develop a new
resuscitation strategy in prehospital settings and improve the
prognosis of these patients by allowing the immediate recognition
of their rSO2 pattern and selection of the appropriate hospital for
treatment.

The present multivariable logistic regression model showed that
the outcomes of ‘Prehospital ROSC’ and ‘Alive at admission’ were
significantly higher for patients with type 1 [increasing rSO2 pattern]
than type 2 [non-increasing rSO2 pattern] (Table 2). Takegawa et al.
reported that the combination of rSO2 (baseline) with the amount of
maximum rise in rSO2 value over time might be a new index for the
prediction of ROSC that could be useful in guiding CPR.3 This
increasing rSO2 pattern in the prehospital setting was also reported by
Genbrugge et al.16 and Prosen et al.17 However, Prosen et al.’s data
were obtained from an evaluation made 5min before ROSC. We
thought they could not evaluate the rSO2 before loading the patient in
an ambulance because the INVOS oximeter (Somanetics Corpora-
tion, Troy, MI, USA; 2010) they used is not portable like our

Fig. 1 – Patient flow, OHACA, out-of-hospital cardiac arrest; rSO2, regional saturation of oxygen; ELTs, emergency life-
saving technicians.
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monitor.5,17 Further, both of these reports used absolute values of
rSO2. We are paying attention to the amount and the pattern of the
change rather than to the absolute value.

From the present results and those two previous papers,16,17 it
became clear to us that a one-point measurement of the rSO2 value no
longer makes any sense. There is no doubt that the values of rSO2

always change depending on the patient's situation at the time
cerebral rSO2 is measured even in the prehospital setting. The initial
rSO2 values were not significantly different between the type 1 and
type 2 patterns (p=0.114) (Table 1).

There are several reports that an increase in rSO2 occurring before
ROSC is associated with CPR quality.23,24We thought that certainly in
some cases, the rSO2 values would increase slightly before ROSC by
CPR in non-ROSC patients,4 but basically, an increase in rSO2 before
ROSC is not associated with CPR quality. Parnia et al. showed that
rSO2 is not increased in non-ROSC patients with in-hospital cardiac
arrest (IHCA) during CPR.25 We thought IHCA patients would receive
high-quality CPR early after cardiac arrest due to the hospital's rapid
response system. In the present study as well, trained ELT are
performing the CPR. Then, what does the increase of rSO2 before
ROSC indicate? This point is still hypothetical, but we think that when
the rSO2 increases before ROSC, the heartbeat is starting to increase
slightly. If patients achieve ROSC, the pulse returns and the value of

rSO2 rapidly rises as shown in Fig. 2. Further research is needed to
confirm this hypothesis.

In contrast, the outcomes of patients with the type 2 (non-
increasing rSO2) pattern were very poor (Prehospital ROSC: 4.26%,
Alive at hospital admission: 12.8%, 1-month survival: 2.1%, CPC 1 or
2: 0%) (Table 2). Takegawa et al. reported no significant increase of
rSO2 values during CPR in the emergency room in patients with non-
sonographic cardiac activity or with Stanford type A aortic dissection
diagnosed by CT scan.26 We did not examine whether these types of
patients were included among those with type 2 (non-increasing rSO2)
pattern. Further study to examine in detail what kind of patients show a
type 2 pattern of rSO2 change is needed. Criteria for transport to
hospitals based on patterns of rSO2 change may need to be
developed in the future.

Another surprising result of this research was the discovery of the
‘Drop phenomenon’ (Fig. 3, Table 3). We show the relationship
between the ECG waveform and serial change of rSO2 in Fig. 3. The
‘Drop phenomenon’, a rapid decrease in rSO2, might reflect a rapid
decrease in cerebral perfusion, and its recognition might help to detect
PEA earlier. The ELT can observe the patient's ECG in the ambulance
but cannot check the actual pulse continuously. Therefore, if ELTs
recognize a ‘Drop phenomenon’ on rSO2 monitoring, they should
check the patient's pulse more frequently than usual and attempt to

Fig. 2 – Representative cases of serial changes in cerebral rSO2. (A) Type 1: increasing pattern. This patient was a 95-year-old
woman with an initial ECG of PEA (witness [+]; bystander CPR: unknown). Her rSO2values increased gradually, and she
achieved ROSC. After ROSC, her rSO2 values increased more sharply than before ROSC. (B) Type 2: non-increasing
pattern. This patient was a 33-year-old man with an initial ECG showing asystole (witness [�]; bystander CPR [�]). His
rSO2 values did not increase, and he did not achieve ROSC in the prehospital setting. CPR, cardiopulmonary
resuscitation; ECG, electrocardiogram; EMS, emergency medical service; PEA, pulseless electrical activity; ROSC,
return of spontaneous circulation; rSO2, regional saturation of oxygen.
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Table 1 – Characteristics of patients without ROSC when ELT started rSO2 monitoring.

Type of serial change in cerebral rSO2 p Value

Type 1: Increasing type (N=40) Type 2: Non-increasing type (N=47)

Sex, n (%)
Male 20 (50.0) 28 (59.6) 0.395
Age, years, median (IQR) 80.5 (72�85.5) 81 (71�84) 0.932
Initial rhythm, n (%) 0.097
VF 5 (12.5) 3 (6.4)
PEA 16 (40.0) 11 (23.4)
Asystole 19 (47.5) 33 (70.2)
Witness, n (%) 0.003
+ 25 (62.5) 14 (29.8)
- 15 (37.5) 33 (70.2)
Bystander CPR, n (%) 0.735
+ 21(52.5) 21 (44.7)
� 16 (40.0) 21 (44.7)
Unknown 3 (7.5) 5 (10.6)
Administration of adrenaline by ELT, n (%) 0.001
+ 16 (40.0) 4 (8.51)
� 24 (60.0) 41 (87.2)
Unknown 0 (0.0) 2 (4.7)
Initial rSO2 value, median (IQR) 42.1 (35.6�47.8) 45.6 (40.1�49.7) 0.114
Drop phenomenon, n (%) 0.33
+ 3 (7.5) 1 (2.13)
- 37 (92.5) 46 (98.9)

CPR, cardiopulmonary resuscitation; ELT, emergency life-saving technician; IQR, interquartile range; PEA, pulseless electrical activity; ROSC, return of
spontaneous circulation; rSO2, regional saturation of oxygen; VF, ventricular fibrillation.

Table 2 – Outcomes by type of serial change in cerebral rSO2.

Type 1:
Increasing type

Type 2:
Non-increasing type

Crude OR
(95% CI)

p Value Adjusted OR*
(95% CI)

p Value

Prehospital ROSC, % (n/N) 27.5 (11/40) 4.26 (2/47) 8.53 (1.76�41.32) 0.008 5.67 (1.04�30.96) 0.045
Alive at hospital admission, % (n/N) 42.5 (17/40) 12.8 (6/41) 5.05 (1.75�14.60) 0.003 3.56 (1.11�11.43) 0.033
1-Month survival, % (n/N) 12.5 (5/40) 2.1 (1/47) 6.57 (0.73�58.81) 0.092 3.21 (0.32�32.72) 0.324
CPC 1 or 2, % (n/N) 7.5 (3/40) 0 (0/47) N/A N/A N/A N/A

ORs were calculated for Increasing type vs. Non-increasing type.
CPR, cardiopulmonary resuscitation; CPC, Cerebral Performance Category; OR, odds ratio; CI, confidence interval; ROSC, return of spontaneous circulation;
rSO2, regional saturation of oxygen.
* Adjusted for age, sex, witness and bystander CPR.

Fig. 3 – Representative case showing the ‘drop phenomenon’ in the serial change of rSO2 values. This patient was an 82-year-old
woman with an initial ECG of PEA (witness [+]; bystander CPR [+]). Her rSO2 values increased gradually, and she
achieved ROSC. However, during transport to hospital, although the ECG showed QRS waves, her rSO2 value suddenly
dropped. After that, the ELT recognized PEA and restarted CPR. CPR, cardiopulmonary resuscitation; ECG,
electrocardiogram; ELT, emergency life-saving technician; PEA, pulseless electrical activity; ROSC, return of
spontaneous circulation; rSO2, regional saturation of oxygen.

R E S U S C I T A T I O N P L U S 6 ( 2 0 2 1 ) 1 0 0 0 9 3 5



ascertain the presence of PEA as soon as they can. Recognition of the
‘Drop phenomenon’ may be the greatest benefit of pre-hospital rSO2

measurement.
Our study has some limitations. First, rSO2 monitoring was not

performed in a blinded fashion. Therefore, the rSO2 value may have
influenced the CPR procedures. Second, due to the high cost and limited
number of rSO2monitors, not all CPA patients during the period could be
monitored. Third, since there were few cases of VF, it was not possible to
examine the true initial ECG rhythm. Forth, in this study, we could not
compare rSO2 values with etCO2 or some other substitute marker of
perfusion. Fifth, it is possible that in the last 1�2min before ROSC rSO2
value might increase as it is possible that ROSC has already occurred.

Conclusion

The type 1 (increasing) pattern of serial rSO2 change was significantly
associated with the outcomes of ‘Prehospital ROSC’ and ‘Alive at
admission’. Pre-hospital monitoring of cerebral rSO2 might lead to a
new strategy of resuscitation.
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