X4

Open Journal of Emergency Medicine, 2025, 13(4), 290-299

X/

Scientific . . . .
"‘: Research https.//www.sarp.org/murnaI/OJem
94% Publishing ISSN Online: 2332-1814
< ISSN Print: 2332-1806

Correlation between Optic Nerve Sheath
Diameter Measured by POCUS and Neurological
Deficit in Physical Examination in Adult
Patients with Suspected Ischemic Stroke
Evaluated in Emergency Departments

Rodriguez de Molina Jose Ivan'?, Arechiga Glenda, Torres Esthefany, Carrillo Renato

Emergency Department at Clinica Mexico, Piedras Negras, Mexico

Email: jirdems@gmail.com

How to cite this paper: de Molina Jose Ivan,
R., Glenda, A., Esthefany, T. and Renato, C.
(2025) Correlation between Optic Nerve
Sheath Diameter Measured by POCUS and
Neurological Deficit in Physical Examination
in Adult Patients with Suspected Ischemic
Stroke Evaluated in Emergency Departments.
Open Journal of Emergency Medicine, 13,
290-299.
https://doi.org/10.4236/0jem.2025.134026

Received: September 18, 2025
Accepted: November 25, 2025
Published: November 28, 2025

Copyright © 2025 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Background: Rapid and accurate lateralization of neurological deficits is criti-
cal in the acute management of stroke and other neuro-emergencies. Optic
nerve sheath diameter (ONSD), assessed by ultrasound, is a non-invasive
marker of intracranial pressure. However, its role in detecting hemispheric
asymmetry and predicting the side of neurological focalization remains poorly
defined. Methods: We conducted a prospective observational study including
19 adult patients presenting with acute neurological deficits to the emergency
department of Clinica México. Bilateral ONSD was measured using ocular ul-
trasound, and asymmetry was calculated as A ONSD = right — left. The pri-
mary outcome was the correlation between A ONSD and the side of neurolog-
ical focalization on physical examination. Secondary outcomes included asso-
ciations with stroke severity (NIHSS), neurological improvement, and diag-
nostic accuracy. Data were analyzed with Wizard Pro software. This protocol
was registered at ClinicalTrials.gov (NCT06492681). Results: The mean age of
patients was 68.4 £ 11.1 years, with 57.9% males. The main comorbidities were
hypertension (73.7%), diabetes (36.8%), and previous stroke (36.8%). A sig-
nificant correlation was found between A ONSD and the side of focalization
(p < 0.01). Patients with left-sided deficits had positive A values, while those
with right-sided deficits had negative values. ROC analysis demonstrated an
AUC of 0.91, with an optimal cutoff of A = +1.0 mm, yielding sensitivity 85.7%
and specificity 90%. No significant association was observed between A ONSD
and NIHSS score (p = 0.48) or short-term neurological improvement (p =
0.76). Conclusions: ONSD asymmetry measured by ultrasound was strongly
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associated with the side of neurological focalization in patients with acute
stroke symptoms. This bedside, non-invasive tool may provide rapid laterali-
zation when advanced imaging is unavailable or delayed. Larger multicenter
studies are needed to validate these preliminary findings and to explore inte-
gration of ONSD asymmetry into multimodal stroke triage protocols.

Keywords

Optic Nerve Sheath Diameter, Ultrasound, Stroke, Neurological Focalization,
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1. Introduction

Acute ischemic stroke (AIS) remains a leading cause of disability and mortality
worldwide, with timely diagnosis and localization of the neurological deficit being
critical for guiding therapeutic decisions [1]. Rapid and accurate lateralization of
the lesion is essential, particularly in emergency departments where access to ad-
vanced neuroimaging may be limited or delayed. Bedside tools that can provide
early diagnostic information are therefore highly valuable in acute stroke care [2].

The optic nerve sheath diameter (ONSD), measured non-invasively through
ocular ultrasound, has emerged as a surrogate marker for intracranial pressure
and as a potential indicator of asymmetrical cerebral pathology [3]. Previous stud-
ies have demonstrated that changes in ONSD correlate with elevated intracranial
pressure and neurological outcomes; however, the relationship between ONSD
asymmetry and the side of neurological focalization remains underexplored. Es-
tablishing such a correlation could provide clinicians with an immediate, bedside
method to predict the affected cerebral hemisphere in patients with acute neuro-
logical deficits [4].

In emergency settings, where time-sensitive interventions such as thrombolysis
or thrombectomy are critical, the integration of point-of-care ultrasound (PO-
CUS) into neurological assessment could enhance decision-making and optimize
patient outcomes [5]. Identifying whether ONSD asymmetry reliably correlates
with the side of clinical focalization would strengthen the role of ultrasound as a
complementary diagnostic tool in acute stroke management.

Recent work has refined ONSD standardization and clinical use. A 2024 con-
sensus (QCC) provides harmonized acquisition and measurement to improve re-
search comparability [6]. Contemporary systematic reviews/meta-analyses con-
firm the diagnostic utility of raised ICP and feasibility across various settings [7].
In acute neurological populations, bedside ONSD correlates with ICP and shows
potential for early decision-support [8]. However, the role of ONSD asymmetry
in lateralizing cerebral pathology at the bedside remains under-characterized—
particularly in emergency triage—supporting the need for the present study.

The present study aims to evaluate the correlation between ultrasound meas-

urement of the optic nerve sheath diameter and the side of neurological focaliza-
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tion in adult patients presenting with acute neurological deficits in the emergency
department. We hypothesize that ONSD asymmetry will demonstrate a signifi-
cant contralateral relationship with the clinical side of focalization, thereby sup-

porting its use as a rapid, non-invasive marker in acute neurological emergencies.

2. Study Design

This was a prospective, observational, cross-sectional study conducted in the
Emergency Department of Clinica México. The study was designed and reported
according to the International Committee of Medical Journal Editors (ICMJE)
recommendations for clinical research and the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines. The study protocol
was prospectively registered at ClinicalTrials.gov (Identifier: NCT06492681).

3. Setting and Participants

Adult patients (=18 years old) who presented to the emergency department with
acute neurological symptoms—including sudden-onset motor deficit, speech dis-
turbances, visual changes, or altered level of consciousness—were screened for
eligibility. Exclusion criteria included previous ocular surgery, known optic nerve

pathology, ocular trauma, or contraindications to ocular ultrasound.

3.1. Sample Size and Recruitment

A convenience sample of consecutive patients who met the inclusion criteria was
recruited during the study period. Sample size was determined pragmatically,
based on the incidence of acute neurological presentations at our center, with the
aim of achieving adequate statistical power to evaluate correlations between optic

nerve sheath diameter (ONSD) and neurological focalization.

3.2. Data Collection and Procedures

After informed consent was obtained, a structured neurological examination was
performed to determine the side of focalization (right vs. left hemispheric deficit).
Neurological severity was assessed using the National Institutes of Health Stroke
Scale (NTHSS) at presentation.

Ocular ultrasound was performed at the bedside by physicians trained in criti-
cal ultrasound, using a high-frequency linear transducer (7.5 - 12 MHz). With the
patient in supine position and eyelids closed, sterile gel was applied over the eye-
lid, and the probe was gently placed to avoid exerting pressure. ONSD was meas-
ured 3 mm posterior to the globe, in both eyes, in the transverse plane. Each meas-
urement was repeated twice, and the average was recorded for analysis.

A focused neurological examination (NIHSS-based) was performed by an
emergency physician prior to ocular ultrasound. The side of focalization (right/left)
was determined by the laterality of motor and cortical signs on exam. The sonog-

rapher performing ONSD measurements was blinded to the neurological exam
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findings and to any prior imaging. Conversely, examiners were not exposed to
ultrasound results at the time of classification. Disagreements in side assignment
(if present) were resolved by a senior critical care or emergency physician in place
using the complete clinical record.

Each eye was measured twice at 3 mm posterior to the globe in the axial plane;
values were averaged per eye, and AONSD was defined as right—left. Although we
did not collect intra-/inter-rater data in this cohort, the two-measurement aver-
aging method and standardized acquisition are consistent with the 2024 ONSD
POCUS Quality Clinical Consensus (QCC), which aims to harmonize imaging
planes, caliper placement, and reporting for research and practice [9]. Prior stud-
ies report good reproducibility for ONSD ultrasound (inter-observer ICC typi-
cally > 0.80) when standardized protocols are used [9].

The ocular ultrasound was performed immediately after the neurological ex-
amination, with a median interval of 10 - 20 minutes between the two assessments.
This narrow time frame minimized temporal confounding from neurological pro-

gression or acute interventions.

3.3. Variables and Outcomes

Primary outcome: The correlation between ONSD asymmetry (A = right — left)
and the side of neurological focalization on physical examination.

Secondary outcomes: (1) Sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of ONSD asymmetry to predict the contra-
lateral side of focalization; (2) Correlation between ONSD measurements and
NIHSS scores; (3) Association of ONSD with neurological outcome at discharge.

Final stroke diagnosis and laterality were confirmed by follow-up neuroimag-
ing (CT and/or MRI) and discharge coding in the electronic medical record. Pa-
tients with a normal initial CT were included because early ischemia can be radi-
ographically occult; confirmation was obtained by MRI diffusion-weighted imag-
ing or interval CT changes plus the clinical course, in line with guideline-based

practice.

3.4. Statistical Analysis

Continuous variables were summarized as mean * standard deviation or median
[IQR], as appropriate. Categorical variables were expressed as frequencies and
percentages. Between-group comparisons were performed using Welch’s t-test for
continuous variables and Fisher’s exact test for categorical variables. Correlations
between ONSD asymmetry and clinical variables were assessed using Spearman’s
rank correlation. Diagnostic performance (sensitivity, specificity, PPV, NPV) was
reported with 95% confidence intervals (CI) using exact binomial methods. A p-
value < 0.05 was considered statistically significant. Statistical analyses were per-
formed using Python (SciPy, statsmodels), R, and Wizard Pro (version XX, Evan
Miller Software).

Given the exploratory nature of this study, no formal a-priori sample size cal-
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culation was performed. We therefore report post-hoc precision for the primary
diagnostic analysis. With 19 patients (left-sided deficits 7/19, right-sided 10/19),
the observed sensitivity (0.86) and specificity (0.90) for AONSD to predict left-
sided focalization had wide 95% confidence intervals (e.g., sensitivity = 0.42 - 0.99;
specificity = 0.55 - 1.00), reflecting limited precision. The AUC was 0.91; with this
sample size, the DeLong 95% CI is expected to be broad. These data justify larger
validation cohorts primarily to narrow CI width, rather than to change the ob-

served effect direction.

3.5. Ethical Considerations

The study protocol was approved by the Institutional Research and Ethics Com-
mittee of Clinica México (Approval No. CMX001/2024). Written informed con-
sent was obtained from all participants or their legal representatives. The study
was conducted in accordance with the Declaration of Helsinki and relevant na-

tional regulations.

4. Results
4.1. Study Population

A total of 19 adult patients with acute neurological deficits were enrolled. The
mean age was 68.4 + 11.1 years (range 50 - 87), with 11 males (57.9%) and 8 fe-
males (42.1%). The median NIHSS score at admission was 12 [IQR 5 - 15]. Neu-
rological focalization was observed to the right in 10 patients (52.6%), to the left
in 7 (36.8%), and bilateral in 2 (10.6%). At discharge, 9 patients (47.4%) showed
clinical improvement, while 10 (52.6%) had no significant change. Table 1 and
Table 2.

Table 1. Baseline characteristics.

Characteristic Value
Age, years (mean + SD, range) 68.4 +11.1 (50 - 87)
Sex, n (%) Male: 11 (57.9%) | Female: 8 (42.1%)
Side of focalization, n (%) Right: 10 (52.6%) | Left: 7 (36.8%) | Bilateral: 2 (10.6%)
Time from symptom onset (hrs) Mean: 38.0 + 81.9 | Median: 8 (1 - 360)
Previous stroke (n, %) 7 (36.8%)
Diabetes mellitus, n (%) 7 (36.8%)
Hypertension, n (%) 14 (73.7%)
Atrial fibrillation, n (%) 3 (15.8%)
Normal CT scan, n (%) 13 (68.4%)
NIHSS at admission Mean: 12.7 £ 10.5 | Median: 12 (1 - 37)
Glasgow Coma Scale Mean: 13.2 + 2.7 | Median: 14 (5 - 15)

Neurological outcome, n (%) Improvement: 9 (47.4%) | No change: 10 (52.6%)
Hospital stay (hours) Mean: 56.7 + 53.6 | Median: 48 (0 - 168)

Note: Values are presented as mean + standard deviation (SD), median (range), or number
(percentage). NTHSS: National Institutes of Health Severity Score.
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Table 2. Baseline characteristics by side of neurological focalization.

Variable Right focalization (n = 10)  Left focalization (n = 7) p-value
Age, years (mean + SD) 70.4+11.8 68.1+11.2 0.695
Sex, n (%) Males 6 (60.0%) Males 4 (57.1%) ns
Right ONSD (mm) 36.3+8.4 479 £ 8.7 0.018*
Left ONSD (mm) 44.7 £ 13.1 42.1+£5.5 0.592
A ONSD (Right — Left, mm) -8.4+10.3 +5.7+73 0.0049**
Previous stroke, n (%) 4 (40.0%) 2 (28.6%) ns
Diabetes mellitus, n (%) 4 (40.0%) 2 (28.6%) ns
Hypertension, n (%) 7 (70.0%) 6 (85.7%) ns
Atrial fibrillation, n (%) 2 (20.0%) 1(14.3%) ns
Symptom onset time (hrs) Median: 36.5 (2 - 360) Median: 5.0 (1 - 24) 0.138
NIHSS at admission 11.5 +10.2 159 £ 11.6 0.439
Neurological outcome, n (%) Improvement 5 (50.0%) Improvement 4 (57.1%) ns
Thrombolysis, n (%) 0 (0%) 3 (42.9%) 0.061"

Note: Values are mean + SD, median (range), or n (%). P-values from Welch’s t-test for continuous
variables and Fisher’s exact test for categorical variables. p < 0.05, **p < 0.01. ns = not significant.

trend toward significance.

4.2. Optic Nerve Sheath Diameter Measurements

The mean right ONSD was 42.3 £ 10.3 mm (range 24 - 60), and the mean left
ONSD was 44.6 £ 11.5 mm (range 26 - 68). The mean asymmetry (A ONSD =
right — left) was —2.4 + 12.5 mm.

When stratified by the side of neurological focalization:

Patients with right-sided deficits (n = 10) had a right ONSD of 36.3 + 8.4 mm,
left ONSD of 44.7 + 13.1 mm, and A ONSD of -8.4 + 10.3 mm.

Patients with left-sided deficits (n = 7) had a right ONSD of 47.9 + 8.7 mm, left
ONSD of 42.1 = 5.5 mm, and A ONSD of +5.7 + 7.3 mm.

4.3. Correlation With Neurological Severity (NIHSS)

No significant correlation was found between ONSD and neurological severity as
measured by the NIHSS score: Right ONSD vs NIHSS: Spearman p = 0.11, p =
0.65, Left ONSD vs NIHSS: Spearman p = —0.001, p = 0.99, A ONSD vs NIHSS:
Spearman p = 0.07, p = 0.79.

4.4. Correlation With Side of Neurological Focalization

ONSD asymmetry showed a strong and significant contralateral correlation with
the clinical side of focalization: Spearman’s p = —0.71, p = 0.0014 (Figure 1).

In Figure 1, Scatterplot showing the correlation between optic nerve sheath di-
ameter (ONSD) asymmetry (A = right — left) and the side of neurological focali-

zation on physical examination. Positive A values are associated with left-sided
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Figure 1. Correlation between ONS asymmetry and neurological focalization side.

Between-group comparisons showed:

Right ONSD was significantly different between patients with right vs. left fo-
calization (p = 0.018). Left ONSD showed no significant difference (p = 0.592).

A ONSD was significantly associated with clinical lateralization (p = 0.0049).

4.5. Association with Clinical Outcome (Improvement vs No Change)

When stratified by neurological outcome: Patients without improvement (n = 10)
had a right ONSD of 44.8 + 10.4 mm, left ONSD of 46.3 + 9.1 mm, and A ONSD
of -1.5 + 14.1 mm.

Patients with improvement (n = 9) had a right ONSD of 39.4 £ 10.0 mm, left
ONSD of 42.8 + 14.0 mm, and A ONSD of —=3.3 + 11.2 mm.

No statistically significant differences were observed between the two groups
(all p > 0.26), indicating that ONSD values did not predict functional recovery at

discharge. References

4.6. Diagnostic Performance

When interpreted contralaterally (greater ONSD predicting neurological deficit
on the opposite side), A ONSD demonstrated: Sensitivity: 85.7% (95% CI 42.0 -
99.6), Specificity: 90.0% (95% CI 55.5 - 99.7), Positive Predictive Value (PPV):
85.7% (95% CI 42.0 - 99.6), Negative Predictive Value (NPV): 90.0% (95% CI 55.5
- 99.7), Fisher’s exact test p = 0.0037.
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4.7. ROC Analysis

Receiver operating characteristic (ROC) analysis demonstrated excellent diagnos-
tic performance of A ONSD for lateralization of neurological deficit, with an AUC
of 0.91. The optimal cutoff value was approximately +1.0 mm, yielding a sensitiv-
ity of 86% and specificity of 90% (Figure 2).

1.0+

0.8+

0.6+

0.4+

Sensitivity (True Positive Rate)

0.0 AUC=0.91

0.0 0.2 0.4 0.6 08 1.0
1-Specificity (False Positive Rate)

Figure 2. ROC curve for delta ONSD predicting left-sided focalization.

Figure 2, Receiver operating characteristic (ROC) curve for ONSD asimmetry
(A = right — left) to predict left-sided neurological focalization. The area under
the curve (AUC) was 0.91. The optimal cutoff by Youden’s index was A = 1 mm,
yielding sensitivity 0.86 and specificity 0.90 in this cohort.

5. Discussion

In this prospective observational study, we demonstrated that optic nerve sheath
diameter (ONSD) asymmetry measured by ultrasound correlates significantly
with the side of neurological focalization in patients presenting with acute neuro-
logical deficits in the emergency department. Specifically, a positive A ONSD
(right — left) was associated with left-sided focalization, whereas negative values
were associated with right-sided focalization. The diagnostic accuracy was excel-
lent, with an AUC of 0.91, sensitivity of 85.7%, and specificity of 90%. These find-
ings suggest that ONSD asymmetry could serve as a rapid, bedside adjunctive tool
to support neurological localization in the care of acute stroke.

Our results align with previous evidence showing that ONSD is a reliable sur-

rogate marker of intracranial pressure (ICP) and can reflect asymmetric intracra-
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nial pathology [3] [10]. While most prior studies focused on ONSD as a global
indicator of raised ICP, our work highlights its potential utility in lateralizing cer-
ebral pathology, particularly when advanced imaging may be delayed or unavail-
able.

Interestingly, no significant correlation was found between ONSD (absolute
values or asymmetry) and stroke severity as measured by NIHSS. This contrasts
with earlier reports suggesting that higher ONSD may predict poor neurological
outcomes in critically ill patients [4] [11]. One explanation may be that in our
cohort, ONSD primarily reflected hemispheric asymmetry rather than the overall
burden of neurological injury. Similarly, ONSD values were not predictive of
short-term clinical improvement, consistent with the notion that functional re-
covery depends on multiple factors beyond ICP or local swelling, such as infarct
size, reperfusion, and comorbidities [5].

The practical implication of our findings is that bedside ocular ultrasound may
provide rapid lateralization of acute neurological deficits, serving as a useful triage
tool in resource-limited or time-sensitive settings. For example, in prehospital en-
vironments or small hospitals without immediate CT access, identifying a proba-
ble side of pathology could accelerate referral decisions. Moreover, combining
ONSD with other point-of-care ultrasound modalities—such as transcranial Dop-
pler or carotid ultrasound—may offer a more comprehensive non-invasive neu-

roimaging approach [12].

6. Limitations

This study has several limitations. First, the sample size was relatively small (n =
19), which limits generalizability and statistical power. Second, although all meas-
urements were performed by trained physicians, inter-operator variability in
ONSD measurement is a known limitation of ultrasound-based techniques. Third,
we did not evaluate long-term outcomes, which could better elucidate the prog-

nostic value of ONSD asymmetry beyond initial localization.

7. Conclusion

Despite these limitations, our study provides preliminary evidence that ONSD
asymmetry is strongly associated with the contralateral side of neurological focal-
ization in acute stroke patients. Larger, multicenter studies are warranted to vali-
date these findings and to explore integration of ONSD into multimodal emer-

gency stroke assessment.
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