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Abstract

Background: In recent years, measurement of cerebral regional oxygen saturation (rSO,) has attracted attention
during resuscitation. However, serial changes of cerebral rSO, in pre-hospital settings are unclear. The objective of this
study was to clarify serial changes in cerebral rSO, of patients with out-of-hospital cardiac arrest (OHCA) in the pre-
hospital setting.

Methods: We recently developed a portable rSO, monitor that is small (170 x 100 x 50 mm in size and 600 g in
weight) enough to carry in pre-hospital settings. The sensor is attached to the patient’s forehead by the ELT (Emer-
gency Life-saving Technician), and it monitors rSO, continuously.

Results: From June 2013 through August 2014, serial changes in cerebral rSO, in seven patients were evaluated.
According to the results of the serial changes in rSO,, four patterns of rSO, change were found, as follows. Type 1:
High rSO, (around about 60 %) type (n = 1). Initial electrocardiogram was ventricular fibrillation and ROSC (return of
spontaneous circulation) could be diagnosed in pre-hospital setting. Her outcome at discharge was Good Recovery
(GR). Type 2: Low SO, (around about 45-50 %) type (n = 3). They did not get ROSC even once. Type 3: Gradually
decreasing rSO, type (n = 2): ROSC could be diagnosed in hospital, but not in pre-hospital setting. Their outcomes at
discharge were not GR. Type 4: other type (n = 1). In this patient with ROSC when ELT started cerebral rSO, measure-
ment, cerebral rSO, was 67.3 % at measurement start, it dropped gradually to 54.5 %, and then rose to 74.3 %. The
cerebral oxygenation was impaired due to possible cardiac arrest again, and after that, ROSC led to the recovery of
cerebral blood flow.

Conclusion: We could measure serial changes in cerebral rSO, in seven patients with OHCA in the pre-hospital set-
ting. Our data suggest that pre-hospital monitoring of cerebral rSO, might lead to a new resuscitation strategy.

Keywords: Regional oxygen saturation, Out-of-hospital cardiac arrest, Pre-hospital, Emergency life-saving technician,
Portable rSO, monitor

*Correspondence: htomoya1979@hp-emerg.med.osaka-u.acjp

! Department of Traumatology and Acute Critical Medicine, Osaka
University Graduate School of Medicine, 2-15 Yamadaoka, Suita, Osaka
565-0871, Japan

Full list of author information is available at the end of the article

© 2016 The Author(s). This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
( Biomed Centra| (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
: provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13104-016-2239-4&domain=pdf

Hirose et al. BMC Res Notes (2016) 9:428

Background

In recent years, measurement of cerebral regional oxy-
gen saturation (rSO,) by near-infrared spectroscopy
(NIRS) has attracted attention in many fields [1-4]. We
thought that it might be useful for the development of a
new resuscitation strategy. Some research groups have
reported that cerebral rSO, on hospital arrival can pre-
dict neurological outcome in patients with out-of-hos-
pital cardiac arrest (OHCA) [5, 6], but we thought this
might not be correct because the values of rSO, always
change depending on the patient’s situation at the time
cerebral rSO, is measured [7]. Some research groups
have reported that serial changes of cerebral rSO, in
hospital cardiac arrest patients may reflect high-quality
cardiopulmonary resuscitation (CPR) [8, 9]. We hypoth-
esised that rather than measuring one rSO, value at one
time point, measurement of serial changes in the val-
ues of rSO, would be important. To prove this hypoth-
esis, pre-hospital measurement of rSO, in patients was
needed. We recently developed a portable rSO, monitor
that is small enough to carry in pre-hospital settings. In
this study, we tried to detect the serial changes of rSO,
measured by the Emergency Life-saving Technician
(ELT) in earlier phase after out-of-hospital cardiac arrest.
The objective of this study was to clarify serial changes
in cerebral rSO, of patients with out-of-hospital cardiac
arrest in the pre-hospital setting.

Methods

Study design and data collection

The subjects were all cardiopulmonary arrest (CPA)
patients who were transferred to the National Hospital
Organization Osaka National Hospital (Osaka, Japan)
by ELTs based at Chuo Fire Station. The ELTs performed
CPR according to recommendations of the Japan Resus-
citation Council Guidelines 2010, which are based on the
guidelines of the American Heart Association and the
International Liaison Committee on Resuscitation [10].
The rSO, sensor is attached to the patient’s forehead by
the ELT (Fig. 1a). Medical staff did not change patient
treatment according to rSO, data.

The pre-hospital portable monitoring of cerebral rSO,
in CPA patients with OHCA was approved by the Eth-
ics Committee of Osaka University Graduate School of
Medicine (No. 12446), and the institutional review board
waived the need for informed consent because the sub-
jects were all in CPA.

Portable NIRS rSO, monitoring system

We developed a portable rSO, monitor (HAND ai TOS®;
TOSTEC CO., Tokyo, Japan) (Fig. 1b). The HAND ai TOS
was not approved by Medicines and Healthcare Prod-
ucts Regulatory Agency (MHRA) and Food and Drug
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Fig. 1 Photograph showing rSO, measurement in a mock patient

by ELTs and the portable near-infrared spectroscopy unit (portable
rSO, monitor). a The detector consists of two sensors that monitor
the bilateral frontal lobes. The ELT can carry the portable rSO, monitor
(HAND ai TOS®; TOSTEC CO, Tokyo, Japan) and perform cardiopul-
monary resuscitation without difficulty in the pre-hospital setting. b
The portable rSO, monitor is 170 x 100 x 50 mm in size and 600 g

in weight. It can be carried easily by hanging it around the neck, and
it can be used even in severe pre-hospital environments such as
heavy rain and strong sunlight. rSO, regional saturation of oxygen; ELT
emergency life-saving technician

Administration (FDA). The HAND ai TOS system meas-
ures 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 3 cm, and the reflected lights
are sensed by a photodiode. The reflected lights represent
the haemoglobin information mainly in the cerebral cortex.
The system can measure rSO, data every second without
the necessity of arterial pulsation, so it is possible to carry
out continuous monitoring in CPA patients. Two rSO, val-
ues, left side and right side, are acquired continuously, and
then the average of the two values is calculated. The normal
range of cerebral rSO, was previously determined from 15
healthy adult volunteers to be 71.2 £ 3.9 % (on room air)
(n =15, 10 men and 5 women, 43.2 + 8.9 years) [7].

Statistical analysis

All data are represented as mean =+ standard deviation
(SD). All statistical analyses were performed with JMP
Pro 10 for Windows (SAS Institute Inc., Cary, NC, USA).
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Results

Patient characteristics

From June 2013 through August 2014, serial changes in
cerebral rSO, in seven patients were evaluated. Charac-
teristics, outcome, and rSO, data of the OHCA patients
are shown in Table 1. According to the results of the
serial changes in rSO,, four patterns of rSO, change were
found, as follows.

Type 1: high rSO, type (Table 1; patient #1)

Type 1 [high rSO, type (n = 1)] is shown in Fig. 2a. The
patient’s initial electrocardiogram (ECG) was ventricu-
lar fibrillation (VF). The rSO, values remained at around
60 %. Return of spontaneous circulation (ROSC) was
diagnosed 4 min after ELT contact in the pre-hospital
setting. On hospital arrival, the patient’s consciousness
was impaired (Glasgow Coma Scale [GCS], 1-2-5).
Hypothermia therapy (34 °C) was performed for brain
protection. Her outcome according to the Glasgow Out-
come Scale (GOS) at discharge was good recovery. The
etiology of CPA was considered cardiac arrhythmia.

Type 2: low rSO, type (Table 1; patients #5, 6, 7)

Type 2 (low rSO, type [n = 3]) is shown in Fig. 2b (Table 1;
patient #6). Her initial ECG was asystole. The rSO, values
remained at around 50 %. Her GOS outcome at discharge
was death. A similar rSO, pattern was observed in patients
#5 and #7 (Table 1; Additional file 1: Figure S1B, C), whose
ECGs also showed asystole. The mean value of cerebral
rSO, at the start of measurement was 49.3 & 3.8 %. None
of these patients attained ROSC even once.

Type 3: gradually decreasing rSO, type (Table 1; patients
#2,4)

Type 3 [gradually decreasing rSO, type (n = 2)] is shown
in Fig. 2c (Table 1; patient #4). This man’s initial ECG was
asystole. His rSO, values gradually decreased. ROSC was
diagnosed in-hospital at 35 min after the start of meas-
urement. His GOS outcome at discharge was death. A
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similar rSO, pattern was observed in patient #2 (Table 1,
Additional file 1: Figure S1A). ROSC was diagnosed in-
hospital in patient #2 but not in the pre-hospital setting.
The GOS outcome of patient #2 was also death.

Type 4: other type (Table 1; #3)

Type 4 (other type [n = 1]) is shown in Fig. 2d. In this
patient with ROSC when the ELTs started cerebral rSO,
measurement, cerebral rSO, at measurement start was
67.3 % (almost normal range), it dropped gradually to
54.5 %, and it then rose to 74.3 %. Her cerebral oxygena-
tion was impaired due to possible return of cardiac arrest,
and after that, ROSC led to the recovery of cerebral blood
flow. Her GOS outcome at discharge was vegetative state.

Discussion

In this report, we showed the pre-hospital serial changes
of cerebral rSO, in patients with OHCA. The values of
cerebral rSO, in the patients with OHCA dramatically
changed in the very early phase after cardiac arrest.

Our data showed several advantages of the pre-hospital
measurement of cerebral rSO,. First, we might be able
to predict the neurological outcome of patients with VE.
The initial ECGs of patients #1 and #2 both showed VF,
but the initial rSO, value of patient #1 was higher than
that of patient #2 (Table 1; Fig. 2a, c). In terms of neu-
rological outcome, patient #1 experienced good recov-
ery, whereas that of patient #2 was death (Table 1). Our
report suggested that a patient who maintained a high
cerebral rSO, value might have a good neurological prog-
nosis, and the type of serial change in the pre-hospital
cerebral rSO, data might lead to the prediction of neuro-
logical outcome in patients with VE.

Second, the pre-hospital cerebral rSO, data might
allow the estimation of the time after cardiac arrest in
unwitnessed cases. Presence of a witness is one of the
factors of good neurological prognosis [11, 12], but if wit-
ness information is absent, we might treat CPA patients
as those for whom considerable time had passed after

Table 1 Characteristics, outcome, and rSO, data of out-of-hospital cardiac arrest patients

No. Age Witness Bystander Initial ECG  ROSC rS0O, at the start Outcome
(years) CPR of measurement (%) (GOS at discharge)

1 51 Yes Yes VF Yes (pre-hospital) 60.1 GR

2 74 No No VF Yes (after application of ECMO) 553 D

3 86 Yes No Unknown Yes (before ELT contact) 66.1 VS

4 65 Yes No Asystole Yes (in-hospital) 539 D

5 45 Yes No Asystole No 453 D

6 27 No Yes Asystole No 49.7 D

7 86 No No Asystole No 529 D

SO, regional oxygen saturation, CPR cardiopulmonary resuscitation, ECG electrocardiogram, ROSC return of spontaneous circulation, GOS Glasgow outcome scale, VF
ventricular fibrillation, ECMO extracorporeal membrane oxygenation, ELT emergency life-saving technician, GR good recovery, VS vegetative state, D death
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Fig. 2 Serial changes in cerebral rSO, (representative cases). a Type 1: High rSO, type (around 60 %). One patient (51-year-old woman; patient #1)
showed this type. Her initial electrocardiogram was ventricular fibrillation, and ROSC was diagnosed in the pre-hospital setting. Her outcome at
discharge was good recovery. b Type 2: Low rSO, type (around 45-50 %). Three patients (52.7 &= 30.2 years, 1 man and 2 women) showed this type.
This graph shows the serial changes in cerebral rSO, of patient #6. A similar pattern was observed in patients #5 and #7. None attained ROSC even
once. ¢ Type 3: gradually decreasing rSO, type. Two patients (69.5 £ 6.4 years, 2 men) showed this type. Serial changes in cerebral rSO, from patient
#4 are shown. The rSO, value gradually decreased. ROSC was diagnosed in-hospital 35 min after the start of measurement. His outcome was death.
A similar pattern was also observed in patient #2. Both patients attained ROSC, which was diagnosed in hospital but not in the pre-hospital setting.
Their outcomes at discharge were death. d Type 4: other type. One patient (86-year-old woman; patient #3) showed this type. In this patient with
ROSC, when the ELT started cerebral rSO, measurement, the cerebral rSO, was 67.3 %. It dropped gradually to 54.5 % and then rose to 74.3 %. Cer-
ebral oxygenation was impaired due to possible return of cardiac arrest, but after that, ROSC led to the recovery of cerebral blood flow. The shaded
area represents the normal cerebral rSO, range measured from healthy adults. rSO, regional saturation of oxygen, ROSC return of spontaneous

circulation, ELT emergency life-saving technician

CPA. We could detect gradually decreasing cerebral rSO,
in two patients (Fig. 2c). We thought that the gradually
decreasing rSO, type probably indicated that little time
had passed since CPA. To better understand the relation
between time and cerebral rSO,, it will be necessary to
accumulate data from more witnessed CPA patients.
Third, a portable rSO, monitoring system would be
very useful, similar to ECG monitoring, for ELTs in
the pre-hospital setting. As shown in Fig. 2d, dynamic
changes of cerebral rSO, can be revealed. When the value
of cerebral rSO, decreased in Fig. 2d, the ECG showed
QRS waves. We determined that pulseless electrical

activity could be diagnosed at that time. The ELTs can-
not always check the patient’s pulse in the pre-hospital
setting, especially when they are transporting the patient
on stairs or into the ambulance, because they must trans-
fer the patient to hospital quickly. By using our portable
rSO, monitor, ELTs can always check cerebral blood flow
without actually having to check the pulse.

Finally, the presence of a continuous low rSO, type
might predict poor neurological outcome and high
mortality.

Our report has some limitations. First, rSO, monitor-
ing was not performed in a blind fashion. Therefore, rSO,
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value may influence CPR procedures. Second, the valida-
tion of HAND ai TOS about low rSO, value (<60 %) had
been demonstrated in vitro but not in vivo. Third, sample
size is small. To generalize this results, we need further
study in a larger population.

Conclusion

We could measure serial changes in cerebral rSO, in
seven patients with OHCA in the pre-hospital setting.
Further evaluation of the validity of pre-hospital moni-
toring of cerebral rSO, may lead to a new resuscitation
strategy in the pre-hospital setting.

Additional file

Additional file 1: Figure S1. Serial changes in cerebral rSO, (non-
representative cases). Serial changes in cerebral rSO, (non-representative
cases). (A) 74-year-old man; patient #2. His initial electrocardiogram was
ventricular fibrillation, and the values of cerebral rSO, gradually decreased
after start of measurement. ROSC was diagnosed in the hospital setting
after application of ECMO. Her outcome at discharge was Dead. (B)
45-year-old woman; patient #5. This patient showed the low rSO, type.
None attained ROSC even once. (C) 86-year-old man; patient #7. This
patient showed the low rSO, type. None attained ROSC even once. rSO,,
regional saturation of oxygen; ROSC, return of spontaneous circulation;
ECMO: extracorporeal membrane oxygenation.
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