
323© Springer Nature Switzerland AG 2020
P.-D. Ryu et al. (eds.), Oxygen Transport to Tissue XLI, Advances in Experimental 
Medicine and Biology 1232, https://doi.org/10.1007/978-3-030-34461-0_41

Usefulness of a New Device to Monitor 
Cerebral Blood Oxygenation Using NIRS 
During Cardiopulmonary Resuscitation 
in Patients with Cardiac Arrest: A Pilot 
Study

Tsukasa Yagi, Tsuyoshi Kawamorita, Keiichiro Kuronuma, Eizo Tachibana, 
Kazuhiro Watanabe, Nobutaka Chiba, Tadashi Ashida, Wataru Atsumi, 
Satoshi Kunimoto, Shigemasa Tani, Naoya Matsumoto, Yasuo Okumura, 
Atsuo Yoshino, and Kaoru Sakatani

Abstract Recent guidelines on cardiopulmonary resuscitation (CPR) have stressed 
the necessity to improve the quality of CPR. Our previous studies demonstrated the 
usefulness of monitoring cerebral blood oxygenation (CBO) during CPR by near-
infrared spectroscopy (NIRS). The present study evaluates whether the NIRO-
CCR1, a new NIRS device, is as useful in the clinical setting as the NIRO-200NX. We 
monitored CBO in 20 patients with cardiac arrest by NIRS. On the arrival of patients 
at the emergency department, the attending physician immediately assessed whether 
the patient was eligible for this study after conventional advanced life support and, 
if eligible, measured CBO in the frontal lobe by NIRS. We found that in all patients, 
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the cerebral blood flow waveform was in synchrony with the chest compressions. 
Moreover, the tissue oxygenation index increased following cardiopulmonary 
bypass (CPB) in patients undergoing CPB, including one patient in whom CBO was 
monitored using the NIRO-CCR1. In addition, although the NIRO-CCR1 could dis-
play the pulse rate (Tempo) in real time, Tempo was not always detected, despite 
detection of the cerebral blood flow waveform. This suggested that chest compres-
sions may not have been effective, indicating that the NIRO-CCR1 also seems use-
ful to assess the quality of CPR.  This study suggests that the NIRO-CCR1 can 
measure CBO during CPR in patients with cardiac arrest as effectively as the NIRO-
200NX; in addition, the new NIRO-CCR1 may be even more useful, especially in 
prehospital fields (e.g. in an ambulance), since it is easy to carry.

Keywords Cardiopulmonary resuscitation · Near-infrared spectroscopy · 
Extracorporeal cardiopulmonary resuscitation · Quality of cardiopulmonary 
resuscitation · Veno-arterial extracorporeal membrane oxygenation

1  Introduction

Cardiac arrest is a major public health issue worldwide. Despite significant 
advances in the care of cardiac arrest victims, the survival rate of patients suffer-
ing from cardiac arrest remains low [1]. Recent guidelines on cardiopulmonary 
resuscitation (CPR) have stressed that high-quality CPR remains the key to 
improving the outcomes [2]. Chest compression with as few interruptions as pos-
sible is important for high-quality CPR. These guidelines indicated it may be rea-
sonable to use physiologic parameters when feasible to monitor and optimize 
CPR quality, guide vasopressor therapy, and detect return of spontaneous circula-
tion (ROSC) (Class IIb) [3]. However, these guidelines have not mentioned moni-
toring cerebral blood oxygenation (CBO) during CPR by near-infrared 
spectroscopy (NIRS) in order to improve the quality of CPR. In addition, studies 
have shown that extracorporeal CPR (ECPR) using emergency cardiopulmonary 
bypass (CPB) could improve neurologic outcome in cases of out-of-hospital car-
diac arrest [4–6]. According to the guidelines, in settings where it can be immedi-
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ately implemented, ECPR may be considered for selected patients in whom the 
suspected etiology of the cardiac arrest is potentially reversible during the limited 
period of CPB (Class IIb) [2].

We previously reported the usefulness of monitoring CBO during CPR and 
ECPR by NIRS (NIRO-200NX, Hamamatsu Photonics, Japan) [7, 8]. Moreover, 
Koyama et al. developed the NIRO-Pulse (Hamamatsu Photonics, Japan), a mode 
capable of depicting changes in hemoglobin concentrations as an indicator of cere-
bral blood flow, and simultaneously displaying the cerebral tissue oxygenation 
index (TOI) [9–11]. However, because the NIRO-200NX is heavy and big, it is dif-
ficult to use the NIRO-200NX in prehospital setting, such as inside an ambulance. 
Thus, the NIRO-CCR1 (Hamamatsu Photonics, Japan) which is smaller and lighter 
than the NIRO-200NX was developed. The NIRO-pulse can be used not only on the 
NIRO-200NX, but also on the NIRO-CCR1. However, it is unclear whether the 
NIRO-CCR1 can measure CBO during CPR and ECPR in patients with cardiac 
arrest as effectively as the NIRO-200NX in clinical setting. Therefore, this study 
evaluates whether the NIRO-CCR1 could be as useful in the clinical setting as the 
NIRO-200NX.

2  Methods

2.1  Patients

In this prospective observational study, NIRS (NIRO-200NX or NIRO-CCR1) was 
used to measure CBO in the frontal lobe in patients with cardiac arrest transported 
to the emergency department (ED) at Kawaguchi Municipal Medical Center or 
Surugadai Nihon University Hospital. The study was approved by the Kawaguchi 
Municipal Medical Center Ethics Committee. The informed consent was obtained 
from patients or their family for this study. Patients meeting the following criteria 
were enrolled in this study: persistent cardiac arrest on arrival at the ED, and suc-
cessful ROSC after arrival at the ED with conventional advanced life support (ALS) 
and/or ECPR [4, 7, 8].

2.2  Procedures

The procedures used in the present study are described in detail elsewhere [7, 8]. 
Briefly, on arrival at the ED, the attending physicians rapidly assessed whether the 
patient was eligible for this study after conventional ALS, and employed NIRS to 
measure CBO in the frontal lobe. ECPR was initiated when ROSC could not be 
achieved within 10 min of arrival of the patient at the ED.
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2.3  Statistical Analysis

Data are expressed as means ± standard deviation for continuous variables. Levels 
of the TOI and saturation of the waveform (SnO2) were compared using the 
Mann- Whitney U test for continuous variables. P-values ≤0.05 were considered to 
be statistically significant. All analyses were performed using the SPSS software 
(version 25.0, J SPSS).

3  Results

Table 1 lists the characteristics of the NIRO-200NX and the NIRO-CCR1. Although 
the NIRO-CCR1 device is smaller and lighter than the NIRO-200NX, the internal 
data storage time of the NIRO-CCR1 is only 1 h. The blue, red and white wave-
forms obtained using the NIRO-Pulse mode on the NIRO-200NX and on the NIRO- 
CCR1 are displayed in real time. The blue, red and white waveforms show the 
delta-deoxyhemoglobin (Δ-Deoxy Hb), delta-oxyhemoglobin (Δ-Oxy Hb) and 
delta-total hemoglobin (Δ-total Hb) concentrations, respectively. Moreover, the 

Table 1 Characteristics of the NIRO-200NX and NIRO-CCR1 devices

NIRO-200NX NIRO-CCR1

Size 264 (W) x 278 (H) x 190 (D) mm 230 (W) x 210 (H) x 80 (D) mm
Weight 6 kg 1.6 kg
Internal data storage >400 h 1 h
Probe 2 channels 1 channel
Battery backup operation 30 min 2 h
Price 4,600,000 JPY 1,680,000 JPY
Display 1. TOI

2. nTHI
3. Oxy Hb
4. Deoxy Hb
5. Total Hb

1. TOI
2. Tempo
3. Δ-oxy Hb
4. Δ-deoxy Hb
5. Δ-total Hb

NIRO-pulse mode

SnO2 and tempo obtained using 
the NIRO-pulse mode. This can only be used with the 

NIRO-pulse mode.

TOI, Tissue oxygenation index; nTHI, normalized tissue hemoglobin index; Oxy Hb, Oxygenated 
hemoglobin change; Deoxy Hb, Deoxygenated hemoglobin change
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TOI, SnO2 and Tempo are also displayed on the NIRO-Pulse. The SnO2 represents 
the ratio of Δ-Oxy Hb to Δ-total Hb (= Δ-Oxy Hb + Δ-Deoxy Hb), and Tempo 
represents the pulse rate.

We monitored CBO in 20 patients with cardiac arrest by NIRS (using the 
NIRO-200NX in 19 patients and the NIRO-CCR1 in one patient). Of these patients, 
after arrival at the ED, ROSC was achieved with conventional ALS in two patients 
and after ECPR in the remaining 18 patients. The mean age of the study population 
was 60.7 ± 14.2 years, and 95.0% was male.

Figure 1 shows typical profiles of patients in whom we employed the 
NIRO-200NX (Fig. 1a) or the NIRO-CCR1 (Fig. 1b) to measure CBO in the frontal 
lobe. In all patients, the cerebral blood flow waveform was in synchrony with the 
chest compressions. Moreover, the TOI increased following implementation of CPB 
in patients in whom CPB was performed, including the patient in whom CBO was 
monitored using the NIRO-CCR1. Figure 1b shows that the pulse rate (Tempo) was 
not always detected, despite detection of the cerebral blood flow waveform, and that 
the TOI and SnO2 were significantly higher after implementation of CPB than 
before (TOI before implementation of CPB versus (vs.) after: 36.2  ±  1.61% vs. 
52.9 ± 3.84%, P < 0.001; SnO2 before implementation of CPB vs. after: 27.4 ± 8.29% 
vs. 54.6 ± 23.4%, P < 0.001).

4  Discussion

This study suggests that CBO during CPR and ECPR in patients with cardiac ar-rest 
might be measured as effectively with the NIRO-CCR1 as with the NIRO-200NX. That 
is, synchrony of the cerebral blood flow waveform with the chest compressions and 
a significant increase in the TOI after implementation of CPB were observed with 

Fig. 1 (a) NIRO-200NX and (b) NIRO-CCR1 to measure cerebral blood oxygenation during car-
diopulmonary resuscitation (CPR) and extracorporeal CPR. (b) The upper figure shows the total 
hemoglobin concentration, the oxidized hemoglobin and the deoxidized hemoglobin of the cere-
bral blood flow. Hb, hemoglobin; TOI, tissue oxygenation index; SnO2, saturation of the waveform; 
Tempo, pulse/compression rate; ALS, advanced life support; CPB, cardiopulmonary bypass
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both the NIRO-200NX and the NIRO-CCR1. When establishing CPB, emergency 
cannulation of a femoral vein and artery is usually performed under ultra- sonographic 
or fluoroscopic guidance. However, in EDs and prehospital setting [12], cannulation 
often has to be performed without ultrasonographic or fluoroscopic guidance. In 
these situations, it is often difficult to perform cannulation safely. Cannulation can be 
deemed as successful by confirming a significant increase in the TOI using NIRS 
after the establishment of CPB. In fact, in our patient in whom CBO was monitored 
using the NIRO-CCR1, CPB was established without ultrasonographic or fluoro-
scopic guidance (Fig. 1b).

In addition, the NIRO-Pulse could display the pulse rate (Tempo) in real time; 
however, we found that Tempo was not always detected, despite detection of the 
cerebral blood flow waveform. This suggests that some of the chest compressions 
may not have been effective; this implies that that the NIRO-Pulse may also be use-
ful to assess the quality of CPR. Because recent guidelines recommend that, in adult 
victims of cardiac arrest, rescuers perform chest compressions at the rate of 100 to 
120/min [2], it is important for rescuers to know the number of useful chest com-
pressions per minute. Thus, it is important and necessary for rescuers to measure 
Tempo using the NIRO-Pulse during CPR in order to perform high-quality CPR. The 
NIRO-CCR1 can only be used together with the NIRO-Pulse.

The NIRO-CCR1 allows noninvasive, continuous monitoring of changes of CBO 
with high time resolution and is easy to carry. Therefore, the NIRO-CCR1 may be 
even more useful, especially in prehospital setting, such as inside an ambulance. On 
the other hand, the internal data storage time of the NIRO-CCR1 is only 1 h. Some 
studies suggest that it is important to observe TOI changes over several hours after 
the establishment of CPB [7, 10, 13]. Future improvements of the NIRO-CCR1 may 
help to resolve this issue.

There are several limitations to our study. First, this study was not a randomized 
controlled trial. Second, our findings should be considered preliminary because of 
the small sample size: there were only 20 patients in the present study and only one 
patient used NIRO-CCR1. Therefore, from now on, it is necessary to monitor CBO 
using the NIRO-CCR1 by more physicians and emergency medical responders in 
more cardiac arrest patients, especially in the prehospital setting.

5  Conclusions

On the basis of these findings, we conclude that the NIRO-CCR1 can measure CBO 
during CPR and ECPR in patients with cardiac arrest. Furthermore, the NIRO- 
CCR1 may be even more useful than the NIRO-200NX, especially in prehospital 
setting, as the device is easy to carry.
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