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Abstract
This study aimed to investigate the usefulness of cerebral regional oxygen saturation
(rSO2) during the initial 5 and 10 minutes of cardiopulmonary resuscitation (CPR)
compared with an initial rSO2 and mean rSO2 during entire CPR to predict the
futility of resuscitation for patients without of-hospital-cardiac arrest (OHCA). This
was a prospective study involving 52 adult patients presenting in OHCA and whose
cerebral rSO2 values were measured until either CPR was terminated or sustained return
of spontaneous circulation (ROSC) was achieved. Receiver operating characteristics
analyses were used to evaluate which time and type of measurement is better to
predict non-ROSC. The area under the curve (AUC) of each rSO2 value according to
measurement time (overall, initial 5 minutes and 10 minutes) were the highest value of
0.743, 0.724, and 0.739, mean values of 0.724, 0.677 and 0.701 and∆rSO2 (Changes in
values of regional cerebral oxygen) value of 0.722, 0.734 and 0.724, respectively, while
all of the initial values had a poor AUC (<0.7) and also were not statistically significant.
The optimal cut-off value of each rSO2 values during overall, initial 5 minutes and
10 minutes were the highest value of 26% (sensitivity, 53.9%; specificity, 92.3%),
24% (sensitivity, 56.4%; specificity, 92.3%), and 30% (sensitivity, 61.5%; specificity,
84.6%), mean value of 15.2%, 15.3% and 16%, respectively. None of the patients with
a persistent rSO2≤18% during the overall period achieved ROSC. Initial 5 minutes and
10 minutes cerebral rSO2 values an out-of-hospital-cardiac arrest (OHCA) are a better
predictor in deciding the futility of CPR, compared to initial and overall measurements.
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1. Introduction

The decision to terminate resuscitative efforts during refractory
cardiac arrest (CA) can be difficult and continues to be debated
in the medical literature. In countries with restrictive policies
for cardiopulmonary resuscitation (CPR) termination such as
Korea and Japan, more accurate guidelines are needed [1, 2].
Although clinical guidelines for termination of resuscitation
(TOR) have been developed and validated [3, 4], their im-
plementation in different countries and emergency medical
systems (EMS) is still difficult and a multimodal approach is
necessary.
Most hemodynamic monitoring tools currently in use do

not reliably detect the presence of a pulsatile flow during
CA and cannot provide reliable information. Furthermore,
brain monitoring tools that can measure cerebral perfusion
and oxygenation such as transcranial doppler ultrasonography,
and jugular bulb saturation cannot be used in out-of-hospital

cardiac arrest conditions [5].
Cerebral near-infrared spectroscopy (NIRS) can provide

continuous, non-invasive, and real-time cerebral regional
oxygen saturation (rSO2), which is easily accessible. These
changes in NIRS reflect changes in cerebral perfusion and
oxygen tension during CA, which correlates with coronary
perfusion pressure (CPP) [6].
Recent studies have demonstrated that rSO2 has the po-

tential to predict outcomes such as the return of spontaneous
circulation (ROSC) and neurological outcomes during CA [7].
In these studies, the most commonly used rSO2 values for
prediction were the initial static value measured on hospital
arrival and the mean value. However, the initial static cerebral
rSO2 is not sufficient to predict futility due to the possibility of
technical error [8], its lower specificity and variable thresholds
[9, 10], and a broad range of rSO2 values at the time of
death [11]. Moreover, rSO2 is mainly used to determine
instantaneous changes; changes over the course of a CA may
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FIGURE 1. Flow diagram of including patients. ROSC, Return of spontaneous circulation.

be a more important prognostic indicator [12, 13]. Some
studies have suggested thatmeasurementsmade throughout the
resuscitation may be better to evaluate outcomes rather than a
single measurement, which does not reflect the improvements
seen during CPR [14]. Although the mean rSO2 value could
better reflect these changes and is a better predictor than the
initial value [7], they might not be as easily accessible during
the early CPR period. Therefore, the best practices for the use
of cerebral rSO2 as a futility indicator of OHCA have not yet
been established. And further research is needed to evaluate
which time points and types of measurements provide the best
information during CPR to determine futility.
This study aimed to investigate the usefulness of rSO2

measurements during the initial 5 and 10 minutes of CPR
compared with an initial measurement on hospital arrival and
overall measurements during CPR to predict the futility of CPR
in patients with OHCA.

2. Methods

2.1 Study design
This was a single-center, prospective, observational study con-
ducted at an urban tertiary care academic medical center. This
hospital with 1300 inpatient beds annually admits approxi-
mately 100,000 patients into the emergency department. This
study was conducted in the emergency department from May
2015 to October 2015. The study population included adult
patients with OHCA who were transported to the emergency
department directly from the scene of the CA. Exclusion cri-
teria included cardiac arrest caused by trauma or poisoning,
patients who had already achieved ROSC on hospital arrival,
and patients who had previously completed a “do not attempt
resuscitation” form (Fig. 1).

2.2 Data collection
The data was collected on a prospective registry form using
Utstein-style prehospital EMS records and hospital medical

records. In the prehospital period, an emergency medical
technician (EMT) performed CPR and analyzed electrocardio-
graphy using an automatic external defibrillator which per-
formed defibrillation when indicated. All EMTs completed
professional training on CPR. Professional training curriculum
included supraglottic airway usage, performing high-quality
CPR, and injection of epinephrine. During the hospital pe-
riod, chest compressions were performed by a physician or
EMT. Emergency physicians secured airways and analyzes
the electrocardiogram. The prehospital EMS records included
information such as the witness and bystander CPR status,
and the initial cardiac rhythm. The hospital medical records
included information such as patient sex, age, blood pH, lactate
level, and whether ROSC was achieved. Sustained ROSC was
defined as ROSCwithout repetitive cardiopulmonary arrest for
20 consecutive minutes.

2.3 Near-infrared spectroscopy
measurement
A near-infrared spectroscopy (NIRS) device (INVOS 5100C;
Covidien, Boulder, CO, USA) was used which contained two
probes for attachment to the forehead. Each probe consists of
an adhesive strip housing a single near-infrared light transmit-
ter and two sensors. The limits of detection for the device
include a hemoglobin-oxygen saturation of <15% or >95%
and a cortical tissue depth of >2 cm. The NIRS was attached
above the muscles in the forehead in less than a minute after
arrival in the emergency room. Cerebral rSO2 values were
recorded continuously until either CPR was terminated or
sustained ROSCwas achieved. Both lower and higher cerebral
rSO2 values obtained from the 2 probes were recorded. If only
1 of 2 cerebral rSO2 values were recorded, it was recorded as
both the lower and the higher value. When themeasured values
were different in the left and right probes, the lower measured
value showed a higher predictive power [15]. Therefore,
the lower values were used for prognosis with the exception
of the initial value. The rSO2 values were blinded to the
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TABLE 1. Baseline characteristics of the study population.
Characteristics gROSC (N = 13) Non-ROSC (N = 39) p-value
Male, n (%) 11 (84.6) 23 (59.0) 0.18
Age (year), median (IQR) 55 (48–67) 72 (57–77) 0.02
Witnessed, n (%) 11 (84.6) 17 (43.6) 0.01
Bystander aCPR, n (%) 8 (61.5) 19 (48.7) 0.42
Shockable initial rhythm, n (%) 4 (30.8) 3 (7.7) 0.06
Meet the rule of bTOR, n (%) 2 (15.4) 11 (28.2) 0.48
Arrest to cBLS (min), median (dIQR) 7 (1–11) 7 (3–10) 0.47
Arrest to eACLS (min), median (IQR) 28 (21–34.5) 25 (20–30) 0.56
Arrest to arrival (min), median (IQR) 26 (12–31.5) 28 (22–36) 0.18
fABGA, median (IQR)

pH 6.92 (6.8–7.07) 6.9 (6.8–7.02) 0.96
hPCO2 (mmHg) 75 (66.5–114) 78 (61–96) 0.37
iPO2 (mmHg) 9 (4–14.5) 15 (7–36) 0.15
jHCO3 (mEq/L) 11.4 (0–14.65) 8.8 (0–12.2) 0.71
Lactate (mmol/L) 10.5 (7.7–11.05) 11.6 (9–14.7) 0.11

aCPR, Cardiopulmonary resuscitation; bTOR, Termination of resuscitation; cBLS, Basic life-
support; dIQR, Interquartile range; eACLS, Advanced cardiac life-support; fABGA, Arterial
blood gas analysis; gROSC, Return of spontaneous circulation; hPCO2, Partial pressure of
carbon dioxide; iPO2, Partial pressure of oxygen; jHCO3, bicarbonate ion.

attending emergency physicians and were not used in any
treatment protocol or to make therapeutic decisions. Data
were downloaded using the manufacturer’s instructions. To
determine the optimal time and rSO2 value for predicting
the futility of resuscitation, the following parameters were
analyzed: (1) higher, lower, and mean rSO2 at the initial
time (2) the highest, lowest, and mean rSO2 values that were
measured during initial 5 and 10 minutes, (3) the highest,
lowest and mean rSO2 values that were measured during the
overall CPR period.

2.4 Statistical analyses

For each patient, continuous rSO2 measurements were ana-
lyzed and expressed as the mean, median, highest, and lowest
value of the recordings taken during the entire period, and the
initial 5 and 10 minutes of resuscitation. The primary outcome
was sustained ROSC. Continuous variables were presented as
the median with interquartile range (IQR). Categorical vari-
ables were presented as the frequency with percentage. The
Mann-Whitney U test was used to compare differences be-
tween groups when the dependent variable was continuous. A
chi-square test was used to examine the association between
categorical variables. The predictive power of each rSO2
value was assessed using the area under the curve (AUC) of
the receiver operator characteristic (ROC) curve. An AUC
value of 0.9–1.0 indicate excellent, 0.8–0.89 good, 0.7–0.79
moderate, 0.6–0.69 poor and 0.5–0.59 not useful. Calibration
was assessed using the Hosmer-lemeshow goodness-of-fit test
and p > 0.05 was considered well-calibrated. A p-value less
than 0.05 was considered statistically significant. Statisti-
cal analysis was performed using SPSS version 18.0 (SPSS,

Chicago, IL, USA) and MedCalc program version 12.7.7.0
(MedCalc Software, Mariakerke, Belgium).

3. Results

3.1 Baseline characteristics
During the study period, a total of 52 adult OHCA patients
were consecutively enrolled in this study. Baseline character-
istics related to CA are shown in Table 1. Overall, 13 patients
achieved ROSC (ROSC group), whereas 39 patients did not
achieve ROSC (non-ROSC group). Non-ROSC groups were
significantly older (55 vs. 72 years, p = 0.02) and less likely to
have their event witnessed (84.6% vs. 43.6%, p = 0.01) than
ROSC groups. There were no significant differences in the
sex, bystander CPR, initial cardiac rhythm, presumed cause
of CA, time from arrest to hospital, basic life-support (BLS)
and advanced life-support (ACLS), and values of initial arterial
blood gas analysis (ABGA) between the two groups. There
was no difference in the duration of resuscitation between
ROSC and non-ROSC groups (21 (19.5–31) vs. 21 (15–30)
minutes, p > 0.05).

3.2 Comparison of cerebral rSO2 between
ROSC and non-ROSC groups
Table 2 shows the comparison of each cerebral rSO2 value
during resuscitation between ROSC and non-ROSC groups.
Non-ROSC groups had significantly lower highest value (67%
vs. 25%, p = 0.009), mean value (24.7% vs. 15.3%, p =
0.02), and difference (∆highest-lowest value) between highest
and lowest value (42% vs. 10%, p = 0.02) measured during
the overall CPR period. Non-ROSC groups had significantly
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TABLE 2. Comparison of regional cerebral oxygen saturation between ROSC and non-ROSC groups.
arSO2 value (%) ROSC (N = 13) Non-ROSC (N = 39) p-value
Overall (%), median (bIQR)

Lowest 15 (15–15) 15 (15–15) 0.35
Highest 67 (37.5–73.5) 25 (15–65) 0.009
Mean 24.9 (18.43–39.12) 15.3 (15–27.35) 0.02

Initial 0 min (%), median (IQR)
Lower 19 (15–59.5) 15 (15–22) 0.09
Higher 34 (15–66) 15 (15–28) 0.05
Mean 29.5 (15–60.75) 15 (15–24) 0.06

Initial 5 min (%), median (IQR)
Lowest 15 (15–19.5) 15 (15–15) 0.66
Highest 52 (30.5–69) 23 (15–50) 0.01
Mean 20.4 (17.59–45.18) 15.3 (15–27.35) 0.05

Initial 10 min (%), median (IQR)
Lowest 15 (15–22) 15 (15–15) 0.18
Highest 57 (31–69) 20 (15–49) 0.009
Mean 25.1 (20.39–40.36) 15.6 (15–29.1) 0.03

cΔrSO2 (%), median (IQR)
Highest–lowest, overall 42 (22.5–55.5) 10 (0–50) 0.02
Highest–lowest, initial 5 min 28 (15.5–49) 7 (0–22) 0.01
Highest–lowest, initial 10 min 31 (14–45.5) 3 (0.0–34.0) 0.01

arSO2, regional cerebral saturation; bIQR, Interquartile range; c∆rSO2, Highest value
minus lowest value.

lower highest values (52% vs. 23%, p = 0.01, 57 vs. 20, p =
0.009) and∆highest-lowest value (28% vs. 7%, p = 0.01, 31%
vs. 3%, p = 0.01) measured during the initial 5 and 10 minutes
of resuscitation, respectively. Mean values during only the
initial 10 minutes of resuscitation had a significant difference
between the two groups. There were some differences in the
initial lower value (19% vs. 15%, p = 0.09), highest value
(34% vs. 15%, p = 0.05), mean value (29.5% vs. 15%, p
= 0.06) between the two groups, but this was not statistically
significant.

3.3 ROC analyses of cerebral rSO2 in
predicting non-ROSC
Table 3 and Figs. 2,3 show the ROC analyses of cerebral rSO2
values according to each measurement time for predicting non-
ROSC. The AUC of each rSO2 value according to measure-
ment time (overall, initial 5 minutes and 10 minutes) were the
highest value of 0.743, 0.724, and 7.39, mean value of 0.724,
0.677 and 0.701 and ∆highest-lowest value of 0.722, 0.734
and 0.724, respectively while all of the initial values and lowest
value had a poor AUC (<0.7) and low specificity and also were
not statistically significant.
The optimal cut-off value (COV) of each rSO2 values during

overall, initial 5 minutes and 10 minutes were the highest
value of 26% (sensitivity, 53.9%; specificity, 92.3%), 24%
(sensitivity, 56.4%; specificity, 92.3%), and 30% (sensitivity,
61.5%; specificity, 84.6%), mean value of 15.2% (sensitiv-

ity, 43.6%; specificity, 100%), 15.3% (sensitivity, 51.3%;
specificity, 92.3%) and 16% (sensitivity, 53.9%; specificity,
92.3%), ∆highest-lowest value of 11%, 9% and 10%, re-
spectively The “100%-specific” COV of overall-highest rSO2
for prediction of non-ROSC was 18%, and sensitivity, neg-
ative predictive value were 35.9% and 34.2%, respectively
(Fig. 3A). When specificity was set at 92.3%, COV of the
highest rSO2 during the initial 10 minutes was 20% (Fig. 3C).
However, all Initial rSO2 values were not an appropriate pre-
dictor and statistically not significant.

4. Discussion

In this study, we found that the highest and mean rSO2 values
during the initial 5, 10minutes, and overall resuscitation period
were significantly associated with non-ROSC and revealed
high specificity, whereas the initial value was not. The pre-
dictive power of rSO2 values during the initial 5, 10 minutes
were similar to those during the overall resuscitation period.
Furthermore, none of the patients with a persistent value of
rSO2 ≤18% during the overall period achieved ROSC.
To date, there is no accurate tool to aid physicians in de-

ciding how long to prolong resuscitation efforts. The decision
is often made solely on clinical judgment. Recently, cerebral
oximetry, a non-invasive and real-time monitoring tool, has
been used to determine cerebral perfusion in various clinical
scenarios [16, 17]. It can be easily used, even in the CA setting
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TABLE 3. ROC analysis of rSO2 values according to time point of measurements in predicting non-ROSC.
aAUC (95% CI) bCOV (%) cSens (%) dSpec (%) ePPV (%) fNPV (%) p-value

Overall
Lowest 0.544 (0.400–0.683) 22 100 15.4 78 100 0.65
Highest 0.743 (0.603–0.854) 26 53.9 92.3 95.5 40 <0.001

18 35.9 100 100 34.2
Mean 0.724 (0.582–0.839) 15.2 43.6 100 100 37.1 0.002

0 min
Lower 0.639 (0.494–0.768) 33 89.7 38.5 81.4 55.6 0.13
Higher 0.668 (0.523–0.792) 32 82.1 53.9 84.2 50.0 0.07
Mean 0.665 (0.520–0.790) 29 82.1 53.9 84.2 50 0.08

5 min
Lowest 0.530 (0.386–0.669) 28 100 15.4 78 100 0.69
Highest 0.738 (0.597–0.850) 24 56.4 92.3 95.7 41.4 0.002
Mean 0.677 (0.533–0.800) 15.3 51.3 92.3 95.2 38.7 0.03

10 min
Lowest 0.586 (0.441–0.721) 16 87.2 30.8 79.1 44.4 0.26
Highest 0.739 (0.598–0.851) 30 61.5 84.6 92.3 42.3 0.002

20 51.3 92.3 95.2 38.7
Mean 0.701 (0.558-0.820) 16 53.9 92.3 95.5 40.0 0.01

ΔrSO2
Overall 0.722 (0.580–0.837) 11 53.9 92.3 95.5 40 0.002
Initial 5 min 0.734 (0.593–0.847) 9 56.4 92.3 95.7 41.4 0.002
Initial 10 min 0.724 (0.582–0.839) 10 64.1 84.6 92.6 44.0 0.003

aAUC, Area under curve; bCOV, Cut off value; cSens, Sensitivity; dSpec, Specificity; ePPV, Positive predictive value;
fNPV, Negative predictive value.

FIGURE 2. The area under the receiver operating curve of regional cerebral oxygen saturation to predict non-ROSC.
A: Highest rSO2 values, B: Mean rSO2 values.

where there is no pulsatile flow, and has been shown to ac-
curately correlate cerebral blood oxygenation with myocardial
perfusion [7, 18].

Therefore, there is now an increased number of studies
evaluating the utility of cerebral oximetry as a monitoring tool
for the prediction of prognosis during CA. It has been demon-
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FIGURE 3. The Interactive dot diagram of the highest rSO2 values between ROSC and non-ROSC. A: Highest rSO2
values during overall period of CPR. The optimal cut off value for prediction of non-ROSC was 26% (sensitivity: 53.9%,
specificity: 92.3%) and the dot line at 18% depicts cut-off value with the specificity of 100%, B: Highest rSO2 values during the
initial 5 minutes of CPR. The optimal cut off value for prediction of non-ROSC was 24% (sensitivity: 56.4%, specificity: 92.3%),
C: Highest rSO2 values during the initial 10 minutes of CPR. The optimal cut off value for prediction of non-ROSC was 30%
(sensitivity: 61.5%, specificity:84.6%) and the dot line at 20% depicts cut-off value with the specificity of 92.3%.

strated that the cerebral rSO2 value is significantly associated
with ROSC, neurological outcome, and even the quality of
CPR in CA patients [12, 19, 20]. However, the optimal time
point, type of measurement, and threshold are still unclear.
Furthermore, there have been a limited number of studies using
cerebral rSO2 to predict the futility of resuscitation [10].
In previous studies, various types of measurements (initial,

mean, highest, or the change during overall CPR) have been
used to predict ROSC or futility, but, it is unclear which
rSO2 value is most predictive. Except for the initial value,
the role of those values that measure overall CPR to predict
futility in the early period of CPR is unknown. An initial
single measurement can be incorrect due to technical error or
ambient light interference in the chaotic environment of a CA
[8]. A study which enrolled a small population demonstrated
that the absolute rSO2 value at the moment of death varied
considerably (3~46%) indicating that there is no clear cut-
off rSO2 value to predict outcomes, and that the changes in
rSO2 are more important rather than one absolute value during
CA [11], and that changes over time may be a better marker
to predict outcomes rather than a single measurement which
is unlikely to reflect the response to CPR. This is supported
by the results of our studies and those of others showing that
elevations in cerebral rSO2 during CPR led to ROSC whereas
persistently low rSO2 (<18%) did not achieve ROSC [12, 13].
And that there is no significant association between initial
rSO2 value and non-ROSC [21].
Previous studies have shown that blood perfusion is at

its peak after about 40–45 seconds of chest compressions
[22], and that rSO2 is sensitive to hemodynamic changes
and changes in cardiac rhythm. In OHCA, immediately after
the patient arrives to the hospital, cardiac compressions are
often interrupted, and measurements of initial rSO2 may
underestimate cerebral perfusion.
In a recent meta-analysis of 20 observational studies, mean

values were found to have a better association with ROSC
than initial values, and that ROSC was unlikely to be achieved
with a mean cut-off value of rSO2 <30% [7]. Mean values in
most previous studies have been measured during the overall
or last 5 minutes CPR period, and their COV was 23~30%

with a low specificity [7, 12, 23]. The COV of mean values
(15~16%) in our study showed lower all-time points than
previous studies but showed higher specificity greater than
90%. This difference may due to the patient’s characteristics
such as a lower initial shockable rhythm, longer downtimes
compared with previous studies, and the usage of lower values
among the two probes. The new finding from our study was
that mean, highest, and ∆highest-lowest values during the
initial 5 and 10 minutes showed similar predictability and high
specificity compared with values during the overall period.
Therefore, the initial single rSO2 value might be an inadequate
indicator in predicting the futility of CPR and the overall-
mean rSO2 value could be a surrogate marker that can replace
the initial value. However, the mean values might not be
as easily accessible during CPR and may only be measured
after CPR has ended. Therefore, it is difficult for clinicians
to use these values to decide whether to continue CPR in the
early period. Although there has been a study of the rSO2
values during the last 5 minutes, there has not been a study
about rSO2 values during the early resuscitation period such
as the initial 5~10 minutes. Therefore, this study focused on
evaluating methods to make an earlier decision for terminating
resuscitation efforts. We hypothesized that the initial 5 minutes
or 10 minutes rSO2 is a better marker for predicting the futility
in the early period because this is a better reflection of the early
response of cerebral perfusion to resuscitation efforts during
this early period.
Previous studies investigating the futility of CPR have been

limited and have shown various cutoff values to accurately
predict futility following CA. Fukuda’s study suggested initial
values at the time of hospital arrival as indicators of futility
[10]. It resulted in COVs of 26% and 19% with specificity of
56.3% and 62.5% and PPV of 87.0% and 87.8% in prediction
of non-ROSC, respectively. Amulticenter study by Parnia [12]
et al reported that persistent rSO2 <25% despite all interven-
tions strongly favors the inability to achieve ROSC/survival
or a good neurological outcome [23]. Recently, two review
studies suggested mean values of rSO2 <23% and 30% were
found to be unlikely to achieve ROSC [7, 14].
In order to use cerebral rSO2 values as a criterion for the
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termination of resuscitation, it is necessary for the specificity
and PPV to approach 100%. Nevertheless, previous studies
including Fukuda’s study showed high sensitivity but low
specificity, whereas the highest rSO2 and ∆rSO2 values dur-
ing the initial 5 minutes and overall period of our results
demonstrated high specificity of 92.3% to 100% and a PPV
of 95.5% to100% with COV of the highest rSO2 of 24% and
26% and ∆rSO2 of 9% and 11%, respectively.
Our study, suggests that the Initial 5 minutes or 10 minutes

rSO2 value (≤24% or 30%) may be useful as an early indicator
to achieve successful CPR while overall rSO2 may be useful
in deciding termination of CPR when rSO2 is not rising to
a specific value (≤26% or 18%) despite sufficient resuscita-
tive efforts. However, the AUC and diagnostic performance
were not sufficiently high, and the termination of resuscitation
should not be determined based solely on these cerebral rSO2
values. It may be necessary to use these values in combination
with other indicators to predict non-ROSC.
According to an article published in 2020 [24], we are

not able to find a clear statistical cutoff value for predict-
ing neurological prognosis following CPR using near-infrared
spectroscopy measurements. This study suggests how changes
in the value of rSO2, the value of rSO2, and a combination of
values at a given time point can be used to predict the outcome
of CPR following a CA. In a future randomized control study,
these values will be helpful in attempting to predict ROSC.
This study has several limitations. First, the sample size

was too small to provide statistical significance. Moreover,
this study did not perform a multivariate analysis and therefore
we cannot exclude the effects of several confounders related to
CA prognosis. Larger studies with other indicators to predict
futility are necessary to confirm our findings. Second, the
higher rate of non-ventricular fibrillation and non-witnessed
arrest compared to previous studies and the usage of different
devices with different calibration and algorithms in each study
may result in a selection bias and thus may not be applicable
to other settings. Third, since the quality of CPR of the
prehospital stage could not be evaluated accurately, it was
difficult to reflect the patient’s condition in the initial period.
Furthermore, only the presence of ROSC was confirmed, and
the long-term neurological prognosis was insufficient. More
future research is needed, including findings on neurological
prognosis. However, this study focused on early decision-
making rather than long-term neurological prognosis predic-
tion. Lastly, a previous meta-analysis study revealed too much
heterogeneity within the highest measurement studies. To the
best of our knowledge, this is the first study that evaluated
initial 5 and 10 minutes rSO2 as predictors of the futility of
CPR. Despite these limitations, it is meant to suggest new
guidelines that can help to reduce unnecessary resuscitation
following OHCA.

5. Conclusion

Initial 5 and 10 minutes cerebral rSO2 values in OHCA might
have the potential to be an indicator in deciding termination
of CPR efforts. However, cerebral oxygen saturation alone
to judge the futility of resuscitation is not sufficient. Thus,
cerebral rSO2 should be used in combination as one marker

in the multimodal approach. Moreover, future research should
focus on seeking the optimal threshold and more specific
methods that reflect changes and trends of rSO2 during CPR.
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