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R E S E A R C H A R T I C L E

Combined sonographic optic nerve sheath diameter and
cerebral oximeter for predicting neurological outcome
after cardiac arrest
Mehmet Akif Yazar 1,2∗, Betul Kozanhan 2, Yasin Tire 1,2, Nevin Sekmenli 3, Guzide Yazar 3, and Murat Sevim 2

Cardiac arrest (CA) remains a critical global health issue with high rates of mortality and morbidity. Accurate prediction of neurological
outcomes in post-CA patients is essential for optimizing management strategies. Optic nerve sheath diameter (ONSD) and
near-infrared spectroscopy (NIRS) are emerging as promising tools for evaluating brain oxygenation and intracranial pressure (ICP).
However, the potential benefits of combining these methods for improved prognostic accuracy have not been thoroughly explored.
This study investigates whether the combined use of ultrasonographic ONSD and NIRS measurements enhances the prediction of
neurological outcomes after CA. In this prospective study, ONSD measurements were obtained three times at 24-h intervals, while
regional hemoglobin oxygen saturation (rSO2) using NIRS was recorded twice. Neurological outcomes were assessed using the Full
Outline of Unresponsiveness (FOUR) and Cerebral Performance Categories (CPC) scores for both early and late evaluations. Results
indicated that 47.5% of patients had poor outcomes and 52.5% had good outcomes based on the FOUR score, while 65% had poor
outcomes and 35% had good outcomes according to the CPC score. The combination of ONSD and NIRS measurements showed superior
prognostic performance compared to either method alone. While standalone NIRS measurements taken after 24 h exhibited limited
predictive value, combining ONSD and NIRS provided a more reliable approach for neurological assessment in the short term following
CA. This integrated method may improve prognostic accuracy and support better clinical decision making.
Keywords: Optic nerve sheath diameter, ONSD, near-infrared spectroscopy, NIRS, neurological outcome, post-cardiac arrest, CA.

Introduction
Cardiac arrest (CA) is a global health issue with high mor-
tality and morbidity rates. Each year, millions of individuals
experience CA, but only a small percentage achieve meaningful
neurological recovery due to severe anoxic brain injury. Fol-
lowing CA, cerebral injury from prolonged anoxic perfusion
often results in significant neurological deficits. These deficits
are further compounded by delays in restoring effective cere-
bral perfusion during both the arrest and post-resuscitation
phases. The return of spontaneous circulation (ROSC) after CA
frequently leads to acute brain edema and elevated intracra-
nial pressure (ICP), caused by ischemia-reperfusion injury and
delayed hyperemia [1]. This cascade of events severely impacts
the quality of life for many CA survivors, who often face
cognitive and motor impairments to varying degrees. Early
intervention and accurate prognosis are critical for guiding
care and optimizing rehabilitation outcomes in this vulnerable
population.

Early and accurate prediction of poor neurological outcomes
in CA survivors is crucial, as it allows healthcare providers to

avoid futile treatments for patients with poor prognoses. Timely
prognostication enables a shift in focus toward implementing
palliative measures that optimize comfort and quality of life.
Conversely, patients with indicators of a favorable prognosis
can receive more aggressive and targeted interventions aimed
at recovery. Identifying comprehensive and necessary treat-
ment protocols that may benefit these patients is therefore of
paramount importance.

Various methods have been proposed for assessing neuro-
logical outcomes, ranging from advanced imaging techniques
to bedside clinical assessments. Recently, some studies have
explored the early prediction of neurological outcomes by
evaluating the optic nerve sheath diameter (ONSD) in CA
patients [2]. Due to the optic nerve’s anatomical continuity
with the brain and its sensitivity to ICP fluctuations, ONSD
has emerged as a potentially valuable marker for assessing
cerebral edema and elevated ICP. Previous studies have sug-
gested that ONSD, along with the gray–white matter ratio
(GWR) on computed tomography (CT), may serve as impor-
tant indicators for evaluating acute brain edema and predicting
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neurological outcomes [3, 4]. This association highlights the rel-
evance of non-invasive measures for assessing brain injury, as
they can provide real-time insights into a patient’s intracranial
status without requiring transport or exposing the patient to
radiation.

In addition to CT, ONSD can be easily measured using bed-
side ultrasonography. Ultrasonography offers several advan-
tages over CT, including portability, the absence of radiation
exposure, and the ability to perform serial measurements.
These features make it a valuable tool in critical care set-
tings, where immediate and repeated assessments are often
necessary. Numerous studies have demonstrated a strong
relationship between increased ICP and sonographic ONSD
measurements [5, 6]. However, it is important to note that the
utility of ONSD in predicting long-term neurological outcomes
remains under investigation. Some studies suggest that ONSD
measurements may not correlate with outcomes at six months
post-ROSC [7]. This discrepancy underscores the complexity of
brain injury following CA and highlights the potential need for
multimodal approaches to enhance prognostic accuracy.

Near-Infrared Spectroscopy (NIRS) measures total oxygen
saturation in a given tissue volume by estimating the oxygen
saturation of the hemoglobin fraction within the terminal vas-
culature. This technique allows for the noninvasive measure-
ment of regional oxygen saturation (rSO2) in brain tissue [8, 9].
Unlike systemic oxygenation metrics, which may not accurately
reflect cerebral oxygenation, NIRS provides region-specific
insights into brain tissue oxygenation. This is particularly cru-
cial in the post-CA period, where cerebral hypoxia and ischemia
are common.

Post-hypoxic brain injury following CA often involves
changes in oxygen consumption, cerebral blood flow, or cere-
bral blood volume, all of which may influence rSO2 in brain tis-
sue. Continuous bedside monitoring of frontal brain rSO2 using
NIRS could offer valuable information for early neurological
outcome prediction. NIRS has the distinct advantage of enabling
real-time, continuous monitoring, allowing clinicians to track
oxygenation trends and adjust interventions as needed.

However, while NIRS shows promise, some studies indi-
cate that its prognostic reliability is limited [10]. The variabil-
ity in NIRS findings may stem from individual differences in
cerebral autoregulation, the timing of measurements, or the
impact of confounding factors such as hemodynamic instability
or sedation.

By combining bedside noninvasive measurements, such as
ONSD and NIRS, the early prediction of neurological out-
comes CA patients with ROSC could significantly influence ICU
treatment strategies, potentially leading to better outcomes.
Integrating these methods may enhance prognostic accuracy
compared to using either technique alone, offering a more com-
prehensive assessment of brain injury in CA survivors. This
innovative approach holds promise for improving clinical deci-
sion making by guiding the intensity and duration of therapeu-
tic interventions in the ICU.

In this study, the prognostic value of combining ultrasono-
graphic ONSD and NIRS measurements was investigated to pre-
dict neurological outcomes CA. This integrated approach aims

Figure 1. Flowchart of study selection. TTM: Targeted temperature man-
agement; CT: Computed tomography; CA: Cardiac arrest.

to provide clinicians with a more robust prognostic framework,
potentially minimizing unnecessary treatments for patients
with poor outcomes while optimizing care for those with bet-
ter recovery prospects. By highlighting the synergistic value
of these two non-invasive monitoring techniques, the study
seeks to offer novel insights into neurological prognostication
for post-CA patients. While ONSD and NIRS have individually
shown promise, their combined use remains underexplored,
particularly in real-world ICU settings. This research addresses
a critical gap in the literature by testing the hypothesis that
combining ONSD and NIRS will yield superior prognostic accu-
racy compared to using either modality alone.

Materials and methods
Study design and subjects
Between January 2021 and April 2022, 107 patients were
assessed, and 40 were ultimately enrolled in this prospective
cohort observational study. A detailed flowchart of the study is
provided in Figure 1. Due to the nature of the cohort study and
its time constraints, a formal sample size calculation was not
performed.

The study included patients who met the following criteria:
ICU admission following CA, whose post-arrest GCS was ≤6,
who were ≥18 years, who had a brain tomography performed
within the first 6 h after CA, treatment with targeted tempera-
ture management (TTM), and no sedation.
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Figure 2. Ultrasonographic ONSD measurement. (A) Ultrasonographic ONSD measurement of patient number 11; (B) Ultrasonographic ONSD
measurement of patient number 32. ONSD: Optic nerve sheath diameter.

Patients were excluded if any of the following applied: mea-
surements could not be completed within the first 24 h after
CA (e.g., due to early death, severe hemodynamic instability, or
the unavailability of devices or investigators on weekends), CA
caused by intracranial trauma or a neurological event, a history
of cerebrovascular accident, orbital or eyeball injuries, facial
trauma, ocular pathologies such as exophthalmos, glaucoma, or
cataracts, ongoing sedation or a need for sedation, or recurrent
CA within three days of ICU admission.

Post-resuscitation and TTM protocol
All patients who experienced in-hospital or out-t CA were
treated according to the advanced life support protocols out-
lined in the European Resuscitation Council (ERC) 2015 guide-
lines. Upon arrival in the ICU, patients received TTM and
intensive care in alignment with our hospital’s ICU proto-
col. Hypothermia was induced using a surface-cooling device
and blankets (Arctic Sun® Energy Transfer Pads™ , Medivance
Corp., Louisville, USA). The target temperature of 34 °C was
maintained for 24 h, followed by controlled rewarming to
36.5 °C at a rate of 0.15 °C per hour, with temperature monitor-
ing conducted via an esophageal probe.

Measurement of ultrasonographic ONSD
The measurement of ONSD was conducted as described in the
supplemental digital content, following protocols from previ-
ous studies [11]. For each patient, ONSD was measured upon
arrival at the ICU and subsequently at two 24-h intervals (desig-
nated as ONSD1, ONSD2, and ONSD3, respectively). Two radiol-
ogists, experienced in transorbital ultrasonography and blinded
to the patients’ clinical courses, performed the measurements.
To measure ONSD, a thick layer of ultrasound gel was applied
over the closed upper eyelid, and a 12-MHz ultrasonographic
probe (Toshiba XarioR) was positioned over the temporal region
of the eyelid. Care was taken to apply minimal pressure to the
eye during the examination. The imaging depth was adjusted
to 4 cm, and the 2D mode was employed. For safety reasons

concerning potential biomechanical side effects, the mechanical
index was reduced to 2. ONSD was measured 3 mm behind
the papilla of each eye, between the external hypoechogenic
margins, using an electronic caliper aligned perpendicularly to
the optic nerve axis (Figure 2).

Brain CT scan
ONSD values on brain CT were measured to evaluate their cor-
relation with ultrasonographic ONSD values. In CT imaging,
the ONSD was measured 3 mm behind the eyeball, immediately
below the sclera, along a perpendicular vector referenced to the
linear axis of the optic nerve (Figure 3) [12, 13].

Cerebral edema was assessed using the gray matter attenu-
ation to white matter attenuation ratio (GWR) as described in
previous studies [14, 15]. All measurements were evaluated by
two independent radiologists who were blinded to the clinical
outcomes. Only non-contrast head CT scans were included in
the study. The scans were acquired using a GE LightSpeed VCT
scanner with a 1-mm slice thickness (GE Healthcare, Little Chal-
font, UK). Each CT scan was reviewed using imaging software
(Stentor iSite, South San Francisco, CA, USA), and comparable
brain slices were identified at the upper cortex and basal ganglia
levels, in line with previous studies [15, 16].

Circular regions of interest (0.1–0.15 cm2) were placed on
the designated areas, and the average attenuation in Hounsfield
Units (HU) was recorded. At the basal ganglia level, bilateral
attenuation values were measured for the caudate nucleus
(CN), putamen (PU), corpus callosum (CC), and posterior limb
of the internal capsule (PIC). The GWR for the basal ganglia
was calculated using previously established methods [17] as
follows:

GWRbasal ganglia = (CN+ PU)/(CC + PIC).

Similarly, bilateral attenuation values were recorded for the
medial cortex (MC1) and medial white matter (MWM1) at the
centrum semiovale level, as well as for the medial cortex (MC2)
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Figure 3. Two samples from patients’ CT records. (A) Measurement of ONSN with CT; (B) Measured areas at the upper cortex levels and basal ganglia
level to calculate the mean GWR. GWR: Gray–white matter ratio; CT: Computed tomography; ONSD: Optic nerve sheath diameter.

and medial white matter (MWM2) at the high convexity level.
The GWR for the cerebrum was then calculated as follows:

GWRcerebrum = (MC1 + MC2)/(MWM1 + MWM2)

The average GWR was calculated as follows:

GWRaverage = (GWRbazal ganglia + GWRcerebrum)/2.

Increasing cerebral edema indicates less attenuation of grey
matter and a lower GWR.

NIRS monitoring
The NIRS device measures light absorption at wavelengths of
724 and 810 nm to calculate the rSO2. For these measurements,
the INVOS monitor (INVOS 5100 C; Covidien, Mansfield, MA,
USA) was employed. NIRS monitoring began upon the patient’s
admission to the ICU and was repeated at 24-h intervals, for a
total of three measurements. Two surface sensors were posi-
tioned on the forehead to detect bilateral frontal rSO2. Data
analysis was performed using the Covidien software package
(INVOS Analytics Tool, Version 1.2). The mean rSO2 from the
right and left sensors was calculated for analysis at each time
point.

Neurological outcome measures
Two scoring systems, one for the early stage and another for the
late stage, were employed to evaluate neurological outcomes.
The Full Outline of Unresponsiveness (FOUR) score was used
during the early period, as reported in previous studies [18, 19].
A FOUR score greater than 6 within the first 72 h after CA was
considered indicative of a good early neurological response. For
late neurological outcomes, the Glasgow–Pittsburgh Cerebral

Performance Categories (CPC) were utilized. CPC scores were
recorded one month ROSC, with CPC 1–2 classified as a good
outcome and CPC 3–5 as a poor outcome [20].

Other data
Age, gender, occurrence of “out-of-hospital cardiac arrest”
(OHCA), presence of a witness to CA event, presence of a shock-
able rhythm, cardiac origin of CA, time to the initiation of car-
diopulmonary resuscitation (CPR), time to ROSC, time to brain
CT scan, and tNIRS and ultrasonographic ONSD evaluation after
CA, along with APACHE-II scores, were recorded.

Ethical statement
This study was approved by the Health Sciences University,
Hamidiye Scientific Research Ethics Committee (Decision No:
2021/1/19), was registered on clinicaltrials.gov (NCT05552794).
Written informed consent is obtained from their legal represen-
tatives as all CA survivors were unconscious on admission.

Statistical analysis
Statistical analyses were performed using SPSS (IBM SPSS Ver-
sion 20). Data are presented as medians with interquartile
ranges (IQR: 25–75) or as absolute numbers with percentages.
Continuous variables are reported as medians with IQRs or
means with standard deviations (SD), depending on the nor-
mality of their distribution. Categorical variables are presented
as frequencies and percentages, with comparisons conducted
using the chi-square test or Fisher’s exact test. Homogeneity of
ONSD and NIRS values was assessed using one-way ANOVA.
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Table 1. Baseline characteristics of study population

Variable FOUR CPC

N = 40 Good outcome
n = 21 (52.5%)

Poor outcome
n = 19 (47.5%)

P value Good outcome
n = 14 (35%)

Poor outcome
n = 26 (65%)

P value

Age (years) 58 (46.25–70.0) 60 (46.50–67) 56 (46–76) 0.571 57.5 (44–62.5) 58 (46.75–76) 0.241

Sex, male, n (%) 27 (67.5) 14 (66.7) 13 (68.4) 0.906 11 (41) 16 (59) 0.316

APACHE score 29 (26–34.75) 27 (24.50–29) 34 (30–38) 0.001* 25 (23–28.5) 32 (29–37.25) 0.001*

OHCA, n (%) 31 (77.5) 15 (71.4) 16 (84.2) 0.457 10 (71.4) 21 (80.8) 0.694

Shockable rhythm, n (%) 17 (42.5) 11 (52.4) 6 (31.6) 0.184 10 (71.4) 7 (26.9) 0.007*

Bystander CPR, n (%) 11 (27.5) 7 (33.3) 4 (21.1) 0.385 5 (35.7) 6 (23.1) 0.469

Collaps to NIRS/ONSD (h) 4 (3–5) 4 (2.5–5) 4 (4–6) 0.203 4 (2–5) 4 (3–5.25) 0.188

Cardiac cause of arrest, n (%) 18 (45) 10 (47.6) 8 (42.1) 0.726 10 (71.4) 8 (30.8) 0.014*

Time to CPR (min) 5.5 (2–10) 5 (1–10) 6 (2–12) 0.216 4 (1–8.50) 7 (2–10) 0.183

Time to ROSC (min) 16 (11–23) 16 (11–23) 25 (15–35) 0.022* 14 (10–16) 25 (15–30) 0.001*

Time to brain CT (h) 2 (1–2) 2 (1–2) 2 (1–2) 0.742 1.5 (1–2) 2 (1–2) 0.489

The data are given as median and IQR (25–75) or absolute numbers and percent. IQR: Interquartile range; OHCA: Out-of-hospital cardiac arrest; CPR:
Cardiopulmonary resuscitation; ONSD: Optic nerve sheath diameter; NIRS: Near-infrared spectroscopy; ROSC: Return of spontaneous circulation; CT:
Computed tomography; CPC: Cerebral performance categories.

Point-biserial correlation analysis was performed to examine
the relationship between ONSD/NIRS values and FOUR/CPC
scores.

The normality of raw HU measurements and GWR values for
each region of interest was tested using both visual inspection
and the Shapiro–Wilk test. Additionally, binary logistic regres-
sion was used to assess associations between attenuation, GWR,
and outcomes (poor vs good).

“A non-parametric longitudinal analysis was conducted to
compare rSO2 values between patients with good and poor
outcomes. The Spearman correlation was calculated to evalu-
ate the relationship between NIRS values and time to ROSC.
A significance level of 0.05 was applied. ROC curves were
generated to assess the predictive performance of ONSD,
NIRS, and the combined use of ONSD and NIRS for neu-
rologic outcomes. Additionally, a multimodal analysis inte-
grating ONSD and NIRS for predicting neurologic outcomes
was performed using JMP Pro 13.0 (SAS Institute Inc., Cary,
NC, USA).”

Results
Of the 40 patients included in the study, 15 died during their
first month of follow-up in the ICU. Within the same period,
21 patients were transferred to a palliative care unit. How-
ever, two of these patients were readmitted to the ICU within
one week due to worsening conditions. The treatment of four
patients continued in the ICU.

Neurological outcomes were assessed using both early
(FOUR score) and late (CPC score) evaluations. Based on the
FOUR score, 19 patients (47.5%) had poor outcomes (FOUR
≤6), while 21 patients (52.5%) had good outcomes (FOUR >6).
According to the CPC score, 26 patients (65%) were classified as

having poor outcomes (CPC 3–5), whereas 14 patients (35%) had
good outcomes (CPC 1–2).

Characteristics of study subjects
Simultaneous ultrasonographic ONSD and NIRS measurements
were performed on all patients upon ICU arrival. No statistically
significant difference was observed in the time from collapse
to ONSD/NIRS measurements between the groups (median:
4 h [3–5]). Regarding CPC scoring, significant differences were
noted between good and poor outcomes in relation to shockable
rhythm and cardiac cause of arrest (P = 0.007 and P = 0.014,
respectively). For both FOUR and CPC scoring systems, patients
with poor outcomes had higher APACHE-II scores and longer
times to ROSC (APACHE-II = 34; time to ROSC = 25 min accord-
ing to FOUR; APACHE-II = 32; time to ROSC = 25 min according
to CPC, P = 0.001 for all comparisons). Baseline characteristics
are summarized in Table 1.

Ultrasonographic ONSD
At the time of obtaining ONSD1,2,3 measurements, hemody-
namic parameters were comparable between the groups with
good and poor outcomes. A significant negative correlation was
observed between ONSD1,2,3 measurements and FOUR scores
(P = 0.021, P = 0.019, and P = 0.023, respectively). However,
no significant correlation was found between ONSD1,2,3 and
CPC scores (Table 2). In the patient who progressed to brain
death, ONSD1, ONSD2, and ONSD3 values were measured as
0.78, 0.80, and 0.82 mm, respectively.

Comparison of tomographic ONSD and GWR with sonographic
ONSD
In order to compare the agreement between CT ONSD/GWR
values and sonographic ONSD values, ultrasonographic
ONSD1 measurements taken closest to the brain CT scan
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Table 2. Correlation of ONSD values measured at different times with FOUR and CPC

Variable Mean SD
Point biserial correlation

rpb P value

N = 40 FOUR CPC FOUR CPC

ONSD1 0.69 0.12 −0.363 0.041 0.021* 0.800

ONSD2 0.69 0.12 −0.369 −0.14 0.019* 0.933

ONSD3 0.67 0.11 −0.358 −0.046 0.023* 0.776

ONSD1: The first ONSD measurement performed when the patient comes to the ICU; ONSD2: ONSD measurement performed
24-h after the first measurement; ONSD3: ONSD measurement performed 48 h after the first measurement; FOUR: Full outline
of unresponsiveness; ONSD: Optic nerve sheath diameter; CPC: Cerebral performance categories; SD: Standard deviations.

Table 3. Comparison of agreement between CT ONSD/GWR and ultrasonographic ONSD values

Parameter Mean ± SD/Median [Range] P value

Ultrasonographic ONSD1 vs CT ONSD 0.69 ± 0.12 mm (ONSD1)/0.58 ± 0.85 mm (CT ONSD) 0.018

Ultrasonographic ONSD1 vs GWR-BG 1.28 ± 0.12 mm 0.865

Ultrasonographic ONSD1 vs GWR-CE 1.31 ± 0.15 mm 0.650

Ultrasonographic ONSD1 vs GWR-AV 1.30 ± 0.10 mm 0.832

CT ONSD vs FOUR − 0.001

CT ONSD vs CPC − 0.006

GWR-AV vs FOUR − 0.528

GWR-AV vs CPC − 0.509

CT: Computed tomography; ONSD: Optic nerve sheath diameter; ONSD1: The first ONSD measurement performed when the
patient comes to the ICU; GWR-BG: Gray–white matter ratio at basal ganglia; GWR-CE: Gray–white matter ratio at cerebrum;
GWR-AV: Gray–white matter ratio average; SD: Standard deviation.

were used. The time interval between the collapse and the
brain CT scan was not statistically different between the
groups. A significant positive correlation was observed between
ultrasonographic ONSD1 and CT ONSD (P = 0.018, r = 0.372).
However, no significant correlation was found between ONSD1
and GWR-BG, GWR-CE, or GWR-AV (P = 0.865, P = 0.650,
and P = 0.832, respectively). Additionally, tomographic ONSD
demonstrated a significant correlation with both the FOUR
score and CPC score (P = 0.001 and P = 0.006, respectively),
whereas no correlation was found between GWR-AV and the
FOURw or CPC scores (P = 0.528 and P = 0.509) (Table 3).

NIRS (rSO2) values
While there was a significant positive correlation between
NIRS1 and both FOUR and CPC results (P = 0.004 and
P = 0.001, respectively), no significant correlation was
observed between NIRS2 or NIRS3 and the FOUR or CPC results
(Figure 4).

Outcome prediction
Since all three measures of ONSD correlated with FOUR but
not with CPC, we used the arithmetic mean of these values
(ONSD_AV) for statistical evaluations. According to FOUR,
logistic regression analysis using ONSD_AV and NIRS1 yielded
an OR of 0.001 (95% CI: 0.001–1.173; P = 0.055) for ONSD_AV
and an OR of 1.198 (95% CI: 1.031–1.391; P = 0.018) for NIRS1.

The sensitivity of ONSD_AV was 71.4%, with a cut-off value of
0.70 mm. For NIRS1, sensitivity was 64.3%, with a cut-off value
of 52.5%. To illustrate the combined effect of ONSD_AV and
NIRS1 on FOUR, we developed the following logistic regression
formula:

Prob=1/[1+exp (4.756+6.5373*ONSD-0.1803*NIRS)].

Using the formula, it can be estimated that the FOUR values
will provide meaningful predictions. The AUC was 0.8120 for
the combined ONSD_AV + NIRS1 model, compared to 0.6742 for
ONSD_AV alone and 0.7469 for NIRS1 alone, as calculated using
the logistic regression model (Figure 5A). In the evaluation
based on CPC, logistic regression analysis with ONSD_AV and
NIRS1 yielded the following results: for ONSD_AV, OR = 0.001
(95% CI: 0.001–0.731), P = 0.04; and for NIRS1, OR = 1.259 (95%
CI: 1.073–1.478), P = 0.0048. The sensitivity of ONSD_AV was
57.1%, with a cut-off value of 0.67 mm, while the specificity of
NIRS1 was 65.4%, with a cut-off value of 52.5%.

To illustrate the combined effect of ONSD_AV and NIRS1
on CPC, the following formula was developed using logistic
regression:

Prob=1/[1+exp (14.3504-2.2819*ONSD-0.2306*NIRS)].

Using the formula, it can be estimated that the CPC value
will be favorable. The AUC was 0.7830 for the combined
ONSD_AV + NIRS1 model, compared to 0.4849 for ONSD_AV
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Figure 4. The effects of cerebral oximeter and mean rSO2 values of right and left ONSDs on neurological outcome at baseline (NIRS1), 24th h (NIRS2)
and 48th h (NIRS3). Neurological outcomes were evaluated separately according to FOUR and CPC. ONSD: Optic nerve sheath diameter; NIRS: Near-infrared
spectroscopy; FOUR: Full outline of unresponsiveness; CPC: Cerebral performance categories.

Figure 5. ROC curves showing the areas under the curve of ONSD_AV, NIRS1 and combined ONSD_AV and NIRS1. (A) The estimation of neurological
outcomes evaluated according to FOUR; (B) The estimation of neurological outcomes based on the CPC assessment. NIRS_1 (NIRS1): The first NIRS
measurement performed when the patient comes to the ICU; ONSD_AV: Arithmetic mean of all three ONSD1,2,3 values; ONSD: Optic nerve sheath diameter;
NIRS: Near-infrared spectroscopy; FOUR: Full outline of unresponsiveness; CPC: Cerebral performance categories.

alone and 0.7802 for NIRS1 alone, as determined using this
logistic regression model (Figure 5B).

Discussion
Our study was the first to evaluate the combined effects of ultra-
sonographic ONSD and NIRS in predicting poor neurological
outcomes in patients who achieved ROSC after CA. This novel
approach adds to the existing body of research by highlight-
ing the potential of using multiple non-invasive techniques to
assess neurological outcomes in critical care settings. Specifi-
cally, the combination of ultrasonographic ONSD and NIRS may
provide clinicians with a more reliable and dynamic toolset for
real-time prognosis evaluation.

Our findings revealed that ONSD_AV was significantly
higher, and NIRS1 was notably lower, in patients with poor
neurological outcomes compared to those with favorable out-
comes. Furthermore, the combined assessment of ONSD_AV
and NIRS1 proved more effective in predicting poor outcomes
than either method alone. These results suggest that integrating
NIRS with ONSD measurement could enhance early detection of
unfavorable neurological outcomes, enabling timely interven-
tions or adjustments to patient care strategies.

In previous studies, CPC has been widely used to evalu-
ate long-term neurological outcomes following CA [21, 22]. It
remains a commonly employed method due to its clear strati-
fication of outcomes based on levels of neurological recovery.
However, a meta-analysis of 49 articles by Almojuela et al. [23]
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highlighted that “the existing literature favors the FOUR score
as a useful outcome predictor in predicting mortality and func-
tional outcome”. This underscores the growing recognition
of the FOUR score as a valuable alternative to CPC, particu-
larly in scenarios requiring rapid and nuanced assessments of
neurological status. Many studies evaluating early neurolog-
ical outcomes have utilized the FOUR score for its predictive
capabilities [24–26]. Accordingly, we employed both FOUR and
CPC scoring to evaluate early and long-term outcomes, aim-
ing to provide a more comprehensive view of patient progno-
sis across different timeframes. This dual-scoring approach is
expected to enhance the sensitivity and specificity of our pre-
dictions, offering a robust foundation for future research and
clinical applications.

There are numerous studies on ONSD values and their asso-
ciation with neurological outcomes. The variability in findings
highlights both the potential and the challenges of using ONSD
as a reliable predictor. For instance, Yong et al. found that
ONSD measured during the first brain CT after CA was associ-
ated with poor neurological outcomes [12], suggesting its utility
as an early indicator of neurological compromise. Conversely,
Lee et al. [7] reported no correlation between CT ONSD mea-
surements and neurological outcomes. This inconsistency may
stem from differences in patient populations, measurement
techniques, or the timing of imaging relative to the onset of CA.

In our study, we evaluated the correlation between sono-
graphic ONSD1 (representing the most recent CT scan) and CT
ONSD. We found a positive correlation between sonographic
and CT ONSD measurements. Moreover, CT ONSD was signif-
icantly associated with both the FOUR score and CPC, further
supporting the value of ONSD as a prognostic tool.

Since ultrasonographic assessment of ONSD can easily be
performed at the bedside in an ICU, transorbital sonography
offers significant advantages over CT imaging. These advan-
tages include the elimination of time-consuming procedures
and the risks associated with patient transportation. This fea-
ture is particularly valuable in intensive care settings, where
patients are often too unstable for transport. However, Park
et al. [27] noted that ONSD values obtained at 24, 48, and
72 h are particularly useful for estimating neurological sta-
tus. Timely and repeated measurements can highlight trends
in ICP changes, offering more dynamic insights than a sin-
gle static measurement. In our study, we performed ONSD
measurements as soon as the patient was admitted to the
ICU and repeated them at 24-h intervals twice more. This
approach allowed us to monitor fluctuations potentially corre-
lated with neurological outcomes. Chelly et al. [28] reported
that the initial ONSD value at 24 h was significantly higher
in non-survivors compared to survivors. Consistent with their
findings, we observed that ONSD_AV values were significantly
elevated in patients with poor outcomes compared to those
with favorable outcomes. These results suggest a potential
ONSD threshold that could help differentiate between survivors
and non-survivors, underscoring the need for further research
through larger, multicenter studies.

Ueda et al. [29] reported that sonographic ONSD measure-
ment is a fast and effective technique for assessing neurological

outcomes after CA. This makes it an appealing option for
real-time monitoring in the ICU, where rapid assessments are
critical for guiding patient care. Similarly, Chelly et al. [28]
highlighted that sonographic ONSD shows promise as a tool for
early evaluation of post-CA patients. In our study, we observed
that higher sonographic ONSD values were associated with
lower FOUR scores but not with worse CPC outcomes. This
finding suggests that sonographic ONSD may be more closely
linked to early indicators of neurological function, while CPC
scores might reflect longer-term outcomes that are less sensi-
tive to immediate ICP changes. The significant but weak cor-
relation between ONSD and FOUR scores indicates that ONSD
may have limited predictive value for immediate neurological
outcomes, emphasizing the need for cautious interpretation.

Metter et al. [14] reported that a low GWR (<1.20) mea-
sured from early cranial CT scans after CA is associated with
increased mortality. GWR is widely recognized as a marker of
hypoxic brain injury, with lower values reflecting more exten-
sive damage. Ertl et al. [30] suggested that combining sono-
graphic ONSD and GWR could enhance prognostic accuracy.
Similarly, Chae et al. [31] found that the combined assessment
of CT-based ONSD and GWR improved prognostic performance,
indicating these metrics may provide complementary insights.
In our study, however, no significant correlation was observed
between sonographic ONSD1 and GWR. Additionally, there was
no significant relationship between GWR_AV and the FOUR
score or CPC. This discrepancy may be attributed to tech-
nical differences between ultrasound and CT imaging meth-
ods. Ultrasonography assesses the surrounding soft tissues of
the globe, while CT provides clearer anatomical boundaries.
Operator-dependent factors, such as probe placement and user
expertise in ultrasonography, may also have contributed to the
weaker correlation. These findings suggest that although ONSD
and NIRS may improve predictive accuracy, GWR might not
provide additional prognostic value in this specific context.

Our previous study highlighted that high mean rSO2 val-
ues during CA are associated with favorable neurological
outcomes [32]. NIRS has been increasingly adopted as a non-
invasive, continuous monitoring tool in critical care, partic-
ularly for assessing cerebral oxygenation in patients at risk
of hypoxic injury. Evidence from adult studies after CA sug-
gests that rSO2 may not only aid in outcome prediction but
also play a role in optimizing CPR strategies and guiding neu-
roprotective interventions [33]. This underscores the broader
clinical relevance of NIRS beyond its utility as a predictive
marker. For instance, Storm et al. reported that rSO2 levels
during the first 40 h after ROSC were significantly lower in
patients with poor outcomes, suggesting that early cerebral
oxygenation measurements may have prognostic value. How-
ever, they also noted limited potential for predicting poor out-
comes solely using frontal brain rSO2 measurements [10]. In
contrast, Jakkula et al. [34] found no statistically significant
difference in median (IQR) rSO2 during the first 36 h of inten-
sive care between patients with good outcomes (70.0% [63.5%–
77.0%]) and those with poor outcomes (71.8% [63.3%–74.0%],
P = 0.943), although they emphasized its potential as a predictor
of favorable outcomes. In our study, a significant correlation
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was observed between NIRS1 (the median NIRS value measured
during the first 4 h after collapse) and neurological outcomes
in both early and late stages of recovery. Notably, the cut-off
values identified in this study—0.67 mm for ONSD and 52.5%
for the first-day NIRS value—may serve as clinically relevant
markers for early neurological prognosis after ROSC. However,
the lack of correlation between high rSO2 values beyond the
first 24 h and good neurological outcomes may be influenced by
factors such as elevated FiO2 and PaO2 levels in mechanically
ventilated patients. More importantly, this study specifically
explored the combined prognostic utility of ONSD and NIRS
measurements. Our findings suggest that while both ONSD and
NIRS are valuable tools individually, their combined use pro-
vides enhanced accuracy in predicting neurological outcomes.
This reinforces the potential of integrating these modalities to
improve prognostic precision in post-CA care.

This study had some limitations. First, it was a single-center
study with a small sample size, which may restrict the gener-
alizability of the findings. However, the prospective design of
the research is an advantage, as it allows for real-time data col-
lection and minimizes recall bias. On the downside, the limited
dataset may not produce robust predictive results.

Second, the “collapse-to-CPR” time in OHCAs may lack accu-
racy in some cases, as the recorded time of collapse by the
patient’s relatives might differ from the actual moment of col-
lapse. This variability could introduce inaccuracies in the data,
potentially affecting the observed relationships between tim-
ing and outcomes. To address this, statistical analyses were
conducted based solely on the periods documented in medical
records. If the true onset of collapse could be precisely recorded,
it might provide more reliable data and enhance the study’s
insights into the timing of interventions as predictors of out-
comes. Third, predicting poor outcomes using the (CPC) may
require extended follow-up periods. Other studies have tracked
patients for three to six months post-arrest, but no standard
timeline has been established for assessing poor outcomes with
CPC. In this study, patients were evaluated at the end of the first
month, which may have been too early to capture more compre-
hensive neurological outcomes. A longer follow-up period, such
as six months, might yield more accurate and realistic assess-
ments. Future studies could benefit from adopting standardized
and extended follow-up timelines.

Conclusion
In conclusion, ONSD measurements and initial NIRS data from
the first 24 h post-CA appear to be valuable short-term predic-
tors of neurological outcomes in patients resuscitated after CA.
Our findings suggest that while ONSD and early NIRS measure-
ments show promising prognostic value, NIRS values beyond
the first 24 h may lose predictive reliability, possibly due to
external factors such as mechanical ventilation and oxygena-
tion settings. Notably, the combination of ONSD and early NIRS
measurements could enhance predictive accuracy, supporting
a dual-modality approach to improve early prognosis in criti-
cal care. However, further large-scale, multicenter studies are

needed to validate these findings, establish standardized mea-
surement protocols, and refine prognostic thresholds. Future
research should also explore how these tools can guide thera-
peutic strategies and improve patient management, ultimately
enhancing both outcome prediction and treatment decisions for
post-CA care.

Conflicts of interest: Authors declare no conflicts of interest.
Funding: Authors received no specific funding for this work.

Submitted: 12 October 2024
Accepted: 15 November 2024
Published online: 20 November 2024

References
[1] Dubourg J, Javouhey E, Geeraerts T, Messerer M, Kassai B. Ultrasonog-

raphy of optic nerve sheath diameter for detection of raised intracra-
nial pressure: a systematic review and meta-analysis. Intensive Care
Med 2011;37:1059–68. https://doi.org/10.1007/s00134-011-2224-2.

[2] Kim JG, Kim W, Shin H, Lim TH, Jang BH, Cho Y, et al. Optic nerve
sheath diameter for predicting outcomes in post-cardiac arrest syn-
drome: an updated systematic review and meta-analysis. J Person Med
2022;12(3):500. https://doi.org/10.3390/jpm12030500.

[3] Cristia C, Ho ML, Levy S, Andersen LW, Perman SM, Giberson T, et al.
The association between a quantitative computed tomography (CT)
measurement of cerebral edema and outcomes in post-cardiac arrest—
a validation study. Resuscitation 2014;85(10):1348–53. https://doi.org/
10.1016/j.resuscitation.2014.05.022.

[4] Hong JY, Lee DH, Oh JH, Lee SH, Choi YH, Kim SH, et al. Grey–white
matter ratio measured using early unenhanced brain computed tomog-
raphy shows no correlation with neurological outcomes in patients
undergoing targeted temperature management after cardiac arrest.
Resuscitation 2019;140:161–9. https://doi.org/10.1016/j.resuscitation.
2019.03.039.

[5] Kimberly HH, Shah S, Marill K, Noble V. Correlation of optic nerve
sheath diameter with direct measurement of intracranial pressure.
Acad Emerg Med 2008;15(2):201–4. https://doi.org/10.1111/j.1553-
2712.2007.00031.x.

[6] Chen LM, Wang LJ, Hu Y, Jiang XH, Wang YZ, Xing YQ. Ultrasonic
measurement of optic nerve sheath diameter: a non-invasive surro-
gate approach for dynamic, real-time evaluation of intracranial pres-
sure. Brit J Ophthalmol 2019;103(4):437–41. https://doi.org/10.1136/
bjophthalmol-2018-312934.

[7] Lee DH, Lee SH, Oh JH, Cho IS, Lee YH, Han C, et al. Optic nerve
sheath diameter measured using early unenhanced brain computed
tomography shows no correlation with neurological outcomes in
patients undergoing targeted temperature management after car-
diac arrest. Resuscitation 2018;128:144–50. https://doi.org/10.1016/j.
resuscitation.2018.04.041.

[8] Villringer A, Planck J, Hock C, Schleinkofer L, Dirnagl U. Near infrared
spectroscopy (NIRS): a new tool to study hemodynamic changes during
activation of brain function in human adults. Neurosci Lett 1993;154(1–
2):101–4. https://doi.org/10.1016/0304-3940(93)90181-J.

[9] Lange F, Ilias T. Clinical brain monitoring with time domain NIRS: a
review and future perspectives. Appl Sci 2019;9(8):1612. https://doi.
org/10.3390/app9081612.

[10] Storm C, Leithner C, Krannich A, Wutzler A, Ploner CJ, Trenkmann L,
et al. Regional cerebral oxygen saturation after cardiac arrest
in 60 patients—a prospective outcome study. Resuscitation
2014;85(8):1037–41. https://doi.org/10.1016/j.resuscitation.2014.
04.021.

[11] Geeraerts T, Merceron S, Benhamou D, Vigué B, Duranteau J. Nonin-
vasive assessment of intracranial pressure using ocular sonography in
neurocritical care patients. Crit Care 2008;12(2):1–2. https://doi.org/
10.1007/s00134-008-1149-x.

[12] Hwan Kim Y, Ho Lee J, Kun Hong C, Won Cho K, Hoon Yeo J, Ju Kang
M, et al. Feasibility of optic nerve sheath diameter measured on initial
brain computed tomography as an early neurologic outcome predictor
after cardiac arrest. Acad Emerg Med 2014;21(10):1121–8. https://doi.
org/10.1111/acem.12477.

Yazar et al.
Prediction of neurological outcome after CA 680 www.biomolbiomed.com

https://www.biomolbiomed.com
https://doi.org/10.1007/s00134-011-2224-2
https://doi.org/10.3390/jpm12030500
https://doi.org/10.1016/j.resuscitation.2014.05.022
https://doi.org/10.1016/j.resuscitation.2014.05.022
https://doi.org/10.1016/j.resuscitation.2019.03.039
https://doi.org/10.1016/j.resuscitation.2019.03.039
https://doi.org/10.1111/j.1553-2712.2007.00031.x
https://doi.org/10.1111/j.1553-2712.2007.00031.x
https://doi.org/10.1136/bjophthalmol-2018-312934
https://doi.org/10.1136/bjophthalmol-2018-312934
https://doi.org/10.1016/j.resuscitation.2018.04.041
https://doi.org/10.1016/j.resuscitation.2018.04.041
https://doi.org/10.1016/0304-3940(93)90181-J
https://doi.org/10.3390/app9081612
https://doi.org/10.3390/app9081612
https://doi.org/10.1016/j.resuscitation.2014.04.021
https://doi.org/10.1016/j.resuscitation.2014.04.021
https://doi.org/10.1007/s00134-008-1149-x
https://doi.org/10.1007/s00134-008-1149-x
https://doi.org/10.1111/acem.12477
https://doi.org/10.1111/acem.12477
https://www.biomolbiomed.com


[13] Sekhon MS, Griesdale DE, Robba C, McGlashan N, Needham E, Walland
K, et al. Optic nerve sheath diameter on computed tomography is
correlated with simultaneously measured intracranial pressure in
patients with severe traumatic brain injury. Intensive Care Med
2014;40(9):1267–74. https://doi.org/10.1007/s00134-014-3392-7.

[14] Metter RB, Rittenberger JC, Guyette FX, Callaway CW. Association
between a quantitative CT scan measure of brain edema and outcome
after cardiac arrest. Resuscitation 2011;82(9):1180–5. https://doi.org/
10.1016/j.resuscitation.2011.04.001.

[15] Torbey MT, Selim M, Knorr J, Bigelow C, Recht L. Quantitative analysis
of the loss of distinction between gray and white matter in comatose
patients after cardiac arrest. Stroke 2000;31(9):2163–7. https://doi.
org/10.1161/01.STR.31.9.2163.

[16] Choi SP, Park HK, Park KN, Kim YM, Ahn KJ, Choi KH, et al. The density
ratio of grey to white matter on computed tomography as an early
predictor of vegetative state or death after cardiac arrest. Emerg Med J
2008;25(10):666–9. https://doi.org/10.1136/emj.2007.053306.

[17] Kim SH, Choi SP, Park KN, Youn CS, Oh SH, Choi SM. Early brain com-
puted tomography findings are associated with outcome in patients
treated with therapeutic hypothermia after out-of-hospital cardiac
arrest. Scand J Trauma Resusc Emerg Med 2013;21(1):1–8. https://doi.
org/10.1186/1757-7241-21-57.

[18] Jalali R, Mansour R. A comparison of the Glasgow Coma Scale score
with full outline of unresponsiveness scale to predict patients’ trau-
matic brain injury outcomes in intensive care units. Crit Care Res
Pract 2014;2014:153641. http://erepository.uonbi.ac.ke/handle/11295/
153641.

[19] Nyam TT, Ao KH, Hung SY, Shen ML, Yu TC, Kuo JR. FOUR score
predicts early outcome in patients after traumatic brain injury.
Neurocrit Care 2017;26(2):225–31. https://doi.org/10.1007/s12028-
016-0326-y.

[20] Sandroni C, Cavallaro F, Callaway CW, D’Arrigo S, Sanna T, Kuiper MA,
et al. Predictors of poor neurological outcome in adult comatose
survivors of cardiac arrest: a systematic review and meta-analysis.
part 1: patients not treated with therapeutic hypothermia. Resuscita-
tion 2013;84(10):1310–23. https://doi.org/10.1016/j.resuscitation.2013.
06.020.

[21] Cronberg T, Greer DM, Lilja G, Moulaert V, Swindell P, Rossetti,AO.
Brain injury after cardiac arrest: from prognostication of comatose
patients to rehabilitation. Lancet Neurol 2020;19(7):611–22. https://
doi.org/10.1016/S1474-4422&#x2216;textgreater&#x007B;&#x007D;
(20)30117-4.

[22] Wagner F, Hänggi M, Weck A, Pastore-Wapp M, Wiest R, Kiefer C.
Outcome prediction with resting-state functional connectivity after
cardiac arrest. Sci Rep 2020;10(1):1–9. https://doi.org/10.1038/s41598-
020-68683-y.

[23] Almojuela A, Hasen M, Zeiler FA. The full outline of UnResponsiveness
(FOUR) Score and its use in outcome prediction: a scoping system-
atic review of the adult literature. Neurocrit Care 2019;31(1):162–75.
https://doi.org/10.1007/s12028-018-0630-9.

[24] Kim HS, Park KN, Kim SH, Lee BK, Oh SH, Jeung KW, et al. Prog-
nostic value of OHCA, C-GRApH and CAHP scores with initial neuro-
logic examinations to predict neurologic outcomes in cardiac arrest
patients treated with targeted temperature management. PLoS One
2020;15(4):e0232227. https://doi.org/10.1371/journal.pone.0232227.

[25] Lee JH, Kim YH, Lee JH, Lee DW, Hwang SY, Youn CS, et al. Com-
bination of neuron-specific enolase measurement and initial neuro-
logical examination for the prediction of neurological outcomes after
cardiac arrest. Sci Rep 2021;11(1):1–9. https://doi.org/10.1038/s41598-
021-94555-0.

[26] Ramazani J, Mohammad H. Prediction of mortality in the medical
intensive care unit with serial full outline of unresponsiveness score
in elderly patients. Indian J Crit Care Med 2022;26(1):94. https://doi.
org/10.5005/jp-journals-10071-24094.

[27] Park JS, Cho Y, You Y, Min JH, Jeong W, Ahn HJ, et al. Optimal tim-
ing to measure optic nerve sheath diameter as a prognostic predic-
tor in post-cardiac arrest patients treated with targeted temperature
management. Resuscitation 2019;143:173–9. https://doi.org/10.1016/j.
resuscitation.2019.07.004

[28] Chelly J, Deye N, Guichard JP, Vodovar D, Vong L, Jochmans S,
et al. The optic nerve sheath diameter as a useful tool for early pre-
diction of outcome after cardiac arrest: a prospective pilot study.
Resuscitation 2016;103:7–13. https://doi.org/10.1016/j.resuscitation.
2016.03.006

[29] Ueda T, Ishida E, Kojima Y, Yoshikawa S, Yonemoto H. Sonographic
optic nerve sheath diameter: a simple and rapid tool to assess the
neurologic prognosis after cardiac arrest. J Neuroimag 2015;25(6):927–
30. https://doi.org/10.1111/jon.12246.

[30] Ertl M, Weber S, Hammel G, Schroeder C, Krogias C. Transorbital
sonography for early prognostication of hypoxic-ischemic
encephalopathy after cardiac arrest. J Neuroimag 2018;28(5):542–8.
https://doi.org/10.1111/jon.12528.

[31] Chae MK, Ko E, Lee JH, Lee TR, Yoon H, Hwang SY, et al. Better
prognostic value with combined optic nerve sheath diameter and
grey-to-white matter ratio on initial brain computed tomography in
post-cardiac arrest patients. Resuscitation 2016;104:40–5. https://doi.
org/10.1016/j.resuscitation.2016.04.001.

[32] Yazar MA, Acikgoz MB, Bayram A. Does chest compression during
cardiopulmonary resuscitation provide sufficient cerebral oxygena-
tion? Turk J Med Sci 2019;49(1):311–7. https://doi.org/10.3906/sag-
1809-165.

[33] Takegawa R, Hayashida K, Rolston DM, Li T, Miyara SJ, Ohnishi M,
et al. Near-infrared spectroscopy assessments of regional cerebral oxy-
gen saturation for the prediction of clinical outcomes in patients with
cardiac arrest: a review of clinical impact, evolution, and future direc-
tions. Front Med 2020;7:587930. https://doi.org/10.3389/fmed.2020.
587930.

[34] Jakkula P, Hästbacka J, Reinikainen M, Pettilä V, Loisa P, Tiainen M,
et al. Near-infrared spectroscopy after out-of-hospital cardiac arrest.
Crit Care 2019;23(1):1–8. https://doi.org/10.1186/s13054-019-2428-3.

Related articles

1. Human amniotic fluid stem cells (hAFSCs) expressing p21 and cyclin D1 genes retain excellent viability after freezing
with (dimethyl sulfoxide) DMSO

Shiva Gholizadeh-Ghaleh Aziz et al., BJBMS, 2019

2. The usefulness of the genetic panel in the classification and refinement of diagnostic accuracy of Mexican patients
with Marfan syndrome and other connective tissue disorders

Giovanny Fuentevilla-Álvarez et al., Biomol Biomed, 2023

Yazar et al.
Prediction of neurological outcome after CA 681 www.biomolbiomed.com

https://www.biomolbiomed.com
https://doi.org/10.1007/s00134-014-3392-7
https://doi.org/10.1016/j.resuscitation.2011.04.001
https://doi.org/10.1016/j.resuscitation.2011.04.001
https://doi.org/10.1161/01.STR.31.9.2163
https://doi.org/10.1161/01.STR.31.9.2163
https://doi.org/10.1136/emj.2007.053306
https://doi.org/10.1186/1757-7241-21-57
https://doi.org/10.1186/1757-7241-21-57
http://erepository.uonbi.ac.ke/handle/11295/153641
http://erepository.uonbi.ac.ke/handle/11295/153641
https://doi.org/10.1007/s12028-016-0326-y
https://doi.org/10.1007/s12028-016-0326-y
https://doi.org/10.1016/j.resuscitation.2013.06.020
https://doi.org/10.1016/j.resuscitation.2013.06.020
https://doi.org/10.1016/S1474-4422&#x2216;textgreater&#x007B;&#x007D;(20)30117-4
https://doi.org/10.1016/S1474-4422&#x2216;textgreater&#x007B;&#x007D;(20)30117-4
https://doi.org/10.1016/S1474-4422&#x2216;textgreater&#x007B;&#x007D;(20)30117-4
https://doi.org/10.1038/s41598-020-68683-y
https://doi.org/10.1038/s41598-020-68683-y
https://doi.org/10.1007/s12028-018-0630-9
https://doi.org/10.1371/journal.pone.0232227
https://doi.org/10.1038/s41598-021-94555-0
https://doi.org/10.1038/s41598-021-94555-0
https://doi.org/10.5005/jp-journals-10071-24094
https://doi.org/10.5005/jp-journals-10071-24094
https://doi.org/10.1016/j.resuscitation.2019.07.004
https://doi.org/10.1016/j.resuscitation.2019.07.004
https://doi.org/10.1016/j.resuscitation.2016.03.006
https://doi.org/10.1016/j.resuscitation.2016.03.006
https://doi.org/10.1111/jon.12246
https://doi.org/10.1111/jon.12528
https://doi.org/10.1016/j.resuscitation.2016.04.001
https://doi.org/10.1016/j.resuscitation.2016.04.001
https://doi.org/10.3906/sag-1809-165
https://doi.org/10.3906/sag-1809-165
https://doi.org/10.3389/fmed.2020.587930
https://doi.org/10.3389/fmed.2020.587930
https://doi.org/10.1186/s13054-019-2428-3
https://www.bjbms.org/ojs/index.php/bjbms/article/view/2912
https://www.bjbms.org/ojs/index.php/bjbms/article/view/9578
https://www.biomolbiomed.com

	Combined sonographic optic nerve sheath diameter and cerebral oximeter for predicting neurological outcome after cardiac arrest
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Related articles


