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Ultrasonographic assessment of optic nerve sheath diameter on the affected and unaffected sides as a predictor of clinical deterioration at discharge in patients with large hemispheric infarction
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Background and objectives: Progressive cerebral edema worsens prognosis in large hemispheric infarction (LHI). Ultrasonographic optic nerve sheath diameter (ONSD) measurement provides a non-invasive method for estimating intracranial pressure. This study aimed to evaluate the predictive value of affected- and unaffected-side ONSD for clinical deterioration at discharge in LHI patients and to provide reference data on factors linked to deterioration, follow-up outcomes, and longitudinal ONSD monitoring.

Methods: This retrospective study enrolled 35 LHI patients, classified into two groups: improved and deteriorated, based on clinical and imaging findings at discharge. Demographic and clinical characteristics were compared. Receiver operating characteristic (ROC) analysis evaluated the predictive performance of affected- and unaffected-side ONSD. Area under the curve (AUC) difference was compared using the DeLong test. Post-discharge follow-up at 30 and 90 days was conducted via telephone interviews. Longitudinal changes in affected- and unaffected-side ONSD were depicted using line graphs for patients with extended stays in the neuro-intensive care unit (NICU).

Results: Statistically significant variables included age (p = 0.002), female (p = 0.002), history of atrial fibrillation (p = 0.044), GCS score (p = 0.028), affected-side ONSD (p = 0.002), unaffected-side ONSD (p = 0.012), and duration of NICU stay (p = 0.002). A positive linear correlation was identified between ONSD values and discharge outcomes. The optimal cut-off for predicting deterioration was 5.54 mm for affected-side ONSD (sensitivity 81.3%, specificity 78.9%, AUC = 0.814) versus 5.57 mm for the unaffected-side (68.8, 78.9%, AUC = 0.757), with no significant AUC difference between sides. The overall 30-day post-discharge mortality was 39.29%. Longitudinal changes in bilateral ONSD showed remarkable overlap in both individual and group observations. Patients with improved outcomes exhibited decreasing ONSD trends, whereas those with deterioration displayed increasing trends.

Conclusion: Preoperative ONSD measurement is a feasible and practical predictor of discharge prognosis in LHI patients, with both affected and unaffected sides providing reliable monitoring. Factors including age, female, history of atrial fibrillation, GCS score, ONSD on either side, and NICU stay duration may influence outcomes. The high short-term mortality underscores the importance of the post-discharge transition management. The clinical value of longitudinal ONSD monitoring requires further investigation.
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1 Introduction

Large hemispheric infarction (LHI), most commonly caused by proximal middle cerebral artery (MCA) occlusion, accounts for approximately 2 to 8% of all hemispheric cerebral infarctions (1), with an annual incidence ranging from 10 to 20 per 100,000 individuals (2). Mortality rates remain alarmingly high, reaching up to 80%, and nearly two-thirds of survivors experience significant disability (3). A major contributor to this poor prognosis is malignant cerebral edema (MCE). Early decompressive hemicraniectomy (DHC) has been shown to effectively reduce the mass effect caused by edema, thereby decreasing mortality and improving functional outcomes (1). However, most studies have focused on the first 48 h after symptom onset, leaving a significant evidence gap regarding the benefits and optimal timing of DHC beyond this period. Given the procedural risks, substantial costs, and reliance on specialized neurosurgical resources, clinical management of LHI varies widely. Therefore, preventing the progression of MCE is critical, underscoring the urgent need for early intracranial pressure (ICP) monitoring and timely initiation of therapies aimed at controlling ICP and limiting edema expansion.

Invasive techniques, such as intraventricular monitoring, remain the gold standard for ICP assessment. However, these procedures carry inherent risks, including hemorrhage and infection (4). Current expert consensus advises against routine invasive ICP monitoring in LHI patients not undergoing DHC (5). Ultrasonographic measurement of the optic nerve sheath diameter (ONSD) has demonstrated a strong correlation with ICP (6, 7), showing an approximately linear relationship across a wide pressure range (8), which supports its use as a non-invasive alternative for ICP evaluation.

To date, studies on ONSD in LHI populations remain limited (9, 10), and most have focused on measurements taken within 24 h of symptom onset. Some lacked comprehensive documentation of treatments administered before or after ONSD assessment. Importantly, post-DHC ONSD measurements may not accurately reflect true ICP values (11). To better reflect real-world clinical scenarios, where patients often receive initial treatment before admission or experience delays in transfer, we extended the ONSD measurement window to within 48 h after symptom onset. Given the documented synchronous changes between the left and right eyes in stroke patients (12), earlier investigations primarily used the mean bilateral ONSD as the primary metric. However, whether the side of infarction affects ONSD values remains unclear. Therefore, this study aims to evaluate the predictive value of ONSD measurements from the affected and unaffected sides for clinical deterioration at discharge in LHI patients who received initial treatment while retaining an intact cranium. Our findings may provide valuable insights for early ICP assessment and prognostic evaluation in this population. Furthermore, we aim to provide reference data for future research designs by identifying factors associated with clinical deterioration, evaluating functional outcomes over the follow-up period, and characterizing the longitudinal changes in ONSD during treatment.



2 Materials and methods


2.1 Patient selection

This study was approved by the Medical Ethics Committee of the Second Affiliated Hospital of Nanchang University (Reference Code: MR-36-25-024684), with a waiver of informed consent.

Patients were admitted to the neurology emergency department of the Second Affiliated Hospital of Nanchang University. Subsequently, they transferred to the neuro-intensive care unit (NICU) for treatment between November 2023 and October 2024 and were enrolled retrospectively.

Inclusion criteria were as follows: (1) clinical presentation consistent with anterior circulation infarction; (2) imaging diagnosis based on established guidelines: non-contrast computed tomography (CT) within 6 h of symptom onset showing infarction involving >1/3 of the MCA territory, or non-contrast CT within 6 to 7 days post-onset demonstrating infarction > 1/2 of the MCA territory; alternatively, diffusion-weighted imaging (DWI) within 6 h after onset with infarct volume > 80 mL, or DWI within 14 h post-onset with infarct volume > 145 mL (13); (3) age ≥ 18 years; (4) completion of imaging, laboratory tests, ONSD ultrasound measurements on both the affected and unaffected sides, Glasgow Coma Scale (GCS), and National Institutes of Health Stroke Scale (NIHSS) assessments within 48 h after symptom onset.

Exclusion criteria were as follows: (1) age < 18 years; (2) time from symptom onset > 48 h; (3) bilateral hemispheric infarction; (4) imaging evidence of hemorrhagic transformation, cerebral hemorrhage, subarachnoid hemorrhage, aneurysm, arteriovenous malformation, space-occupying lesion, or other conditions potentially affecting ICP; (5) known history of ocular and optic nerve disorders, such as glaucoma, cataract or optic neuritis; (6) presence of skull fracture with cerebrospinal fluid leakage; (7) inability to cooperate with ultrasonographic examination; (8) in-hospital mortality.

Finally, a total of 35 patients diagnosed with LHI were included in the study. All participants were managed in accordance with standardized protocols for the stroke unit. Treatments were administered after obtaining informed consent from the patients or their legal surrogates.

Deterioration at discharge was defined as clinical worsening due to progressive cerebral edema, after excluding other causes of neurological decline (e.g., metabolic disturbances). Patients meeting any of the following criteria were classified into the deterioration group (Group 2); those who did not meet these criteria were assigned to the improved group (Group 1): 1. progressive impairment of consciousness, reflected by an increase of ≥1 point in the NIHSS consciousness item (e.g., from 1 to 2), or new-onset pupillary asymmetry; 2. midline shift ≥5 mm on follow-up CT compared to baseline imaging (14).



2.2 Demographic and clinical characteristics

Demographic and clinical data were collected from the hospital’s electronic medical records by two neurologists. The following variables were recorded: age, sex, and medical history, including hypertension, diabetes, cerebral infarction, coronary heart disease, atrial fibrillation (AF), smoking, and drinking. Time from symptom onset to emergency department presentation (T1) was documented, along with vital signs at admission: temperature, heart rate, breathing, systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), and blood oxygen saturation (SpO2). Additional parameters included infarction side and variables recorded during ONSD measurement: treatment type (conservative or reperfusion therapy), use of ICP-lowering drugs (including mannitol and hypertonic saline), and mechanical ventilation status. Further data collected included whether DHC was subsequently performed, duration of NICU stay (T2), and laboratory results from the first post-admission blood sample, including white blood cell count (WBC), neutrophil count (N), lymphocyte count (L), and the neutrophil-to-lymphocyte ratio (NLR). GCS and NIHSS scores were recorded at the time of ONSD assessment. Functional outcomes were evaluated using the modified Rankin Scale (mRS) via telephone interview conducted 30 and 90 days after discharge.



2.3 ONSD measurement via ultrasound

The initial ONSD measurement (D1) was performed at the bedside in the NICU within 48 h after symptom onset. Subsequent measurements were recorded at 24 h (D2), 48 h (D3), and 96 h (D5) after the initial assessment, whenever clinically feasible. All examinations were conducted by an experienced neurophysiologist to minimize inter-observer variability, using a portable ultrasound device (Qiyou, China) equipped with a linear probe, in accordance with previously established ONSD measurement protocols (15). These standardized methods contributed to the development of the latest ONSD Point-of-Care Ultrasonography Quality Criteria Checklist (ONSD POCUS QCC) (16).

During the procedure, patients were positioned supine with their head elevated at 20° to 30°, maintaining a neutral head position and keeping their eyelids naturally closed. A sufficient amount of ultrasound gel was applied to the probe, which was gently placed on the closed upper eyelid. The clearest cross-sectional view of the optic nerve without artifacts was selected for measurement. ONSD was measured 3 mm behind the globe, perpendicular to the optic nerve axis (Figure 1). Three measurements were obtained in both the transverse and sagittal planes for each eye, resulting in six values per eye. The average of these six values for each eye was used for data analysis.
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FIGURE 1
 Sonographic measurement of the ONSD 3 mm behind the eyeball. The left ONSD was 0.52 cm in a patient from Group 1, and the right ONSD was 0.57 cm in a patient from Group 2.




2.4 Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics (version 25), MedCalc (version 23), and PASS 2021 (version 21.0.3). Normally distributed continuous variables were typically expressed as mean ± standard deviation and compared using the independent sample t-test. Non-normally distributed continuous variables are reported as median (interquartile range) and analyzed with the Mann–Whitney U test. Categorical variables were presented as frequency (percentage) and compared using Fisher’s exact test.

Logistic regression analysis was performed on variables that showed significant between-group differences, provided the Events-Per-Variable (EPV) criterion (≥10 events per predictor) was satisfied (17). The initial ONSD measurement, obtained within 48 h after symptom onset, was used for statistical analysis. The association between ONSD and discharge outcomes was evaluated using Point-Biserial or Spearman correlation analysis. Receiver operating characteristic (ROC) curves were used to identify the optimal ONSD cut-off value for predicting clinical deterioration at discharge. Results were reported as area under the curve (AUC), sensitivity, and specificity. A post-hoc power analysis was conducted to assess the reliability of ONSD as a predictive marker. Difference in AUC between ROC curves was compared using the DeLong test. A two-sided p-value < 0.05 was considered statistically significant.




3 Results


3.1 Comparative analysis of demographic and clinical characteristics between the two groups

This study included 35 patients diagnosed with LHI. The median age was 69 (interquartile range: 19.00) years, with 21 males and 14 females. Based on clinical outcomes at discharge, patients were classified into two groups: Group 1 (improved outcome, n = 19) and Group 2 (deteriorated outcome, n = 16).

Comparative analysis of demographic and clinical characteristics between the two groups identified statistically significant differences in age (p = 0.002), female (p = 0.002), history of AF (p = 0.044), GCS score (p = 0.028), affected side ONSD (p = 0.002), unaffected side ONSD (p = 0.012), and duration of NICU stay (p = 0.002) (Table 1). No significant differences were found in other clinical indicators (p > 0.05, Supplementary Table 1).


TABLE 1 Difference analysis of demographic and clinical characteristics.


	Observation indicators
	All Patients (n = 35)
	Group 1 (n = 19)
	Group 2 (n = 16)
	p value

 

 	Age (years) 	69.00 (19.00) 	64.00 (21.00) 	76.00 (13.00) 	0.002


 	Female (n) 	14 (40.00%) 	3 (15.79%) 	11 (68.75%) 	0.002


 	AF 	17 (48.57%) 	6 (31.58%) 	11 (68.75%) 	0.044


 	GCS Score 	9.77 ± 3.18 	10.84 ± 2.79 	8.50 ± 3.23 	0.028


 	ONSD Side (mm)


 	Affected 	5.50 ± 0.44 	5.30 ± 0.42 	5.74 ± 0.33 	0.002


 	Unaffected 	5.46 ± 0.50 	5.27 ± 0.45 	5.68 ± 0.46 	0.012


 	T2(days) 	6.20(10.80) 	12.50(11.80) 	4.85(3.58) 	0.002




 



3.2 Correlation analysis between ONSD on the affected and unaffected sides and discharge outcomes

ONSD values on the affected and unaffected sides were analyzed in the cohort of 35 patients. Subgroup analysis based on discharge outcomes was conducted and presented using box plots (Figure 2).

[image: Box plot comparing optic nerve sheath diameter (ONSD) in millimeters for affected and unaffected sides. Group 1 is shown in blue and Group 2 in red. Group 2 shows higher ONSD values for both sides. A horizontal line marks 5.50 millimeters.]

FIGURE 2
 Distribution of ONSD values on the affected and unaffected sides and discharge outcomes. Within the same measurement side, Group 1 (improved outcome) generally exhibited lower ONSD values than Group 2 (deteriorated outcome). Across different measurement sides, the distribution ranges of ONSD values were consistent within each group (Groups 1 and 2).


Within the same measurement side, Group 2 exhibited significantly higher ONSD values compared to Group 1, with measurements frequently exceeding 5.5 mm, suggesting more severe intracranial hypertension (ICH) in Group 2. Among patients with the same discharge outcome, the ONSD on the affected and unaffected sides were relatively consistent, indicating that ONSD measurements from both sides can uniformly reflect the severity of ICP.

A Point-Biserial correlation analysis was conducted between ONSD values on both sides and discharge outcomes in the 35 patients (Supplementary Table 2). The results revealed a significant positive linear correlation between ONSD values and discharge outcomes, indicating that larger ONSD values obtained from any side within 48 h of symptom onset were associated with an increased likelihood of clinical deterioration at discharge.



3.3 Predictive performance of ONSD on the affected and unaffected sides for worsened condition at discharge

ROC curve analysis was conducted to evaluate the predictive value of ONSD for clinical deterioration at discharge (Figure 3). The results showed that the ROC curves for ONSD measurements for both sides were positioned near the upper-left corner, indicating acceptable predictive performance. The optimal cut-off value of affected side ONSD for predicting deterioration was 5.54 mm, with a sensitivity of 81.3%, a specificity of 78.9%, and an AUC of 0.814, while the corresponding values for unaffected side ONSD were 5.57 mm, 68.8, 78.9%, and 0.757 (Supplementary Table 3), collectively suggesting moderate predictive accuracy. However, the observed width of the confidence interval (CI) suggests that these results should be interpreted with caution.
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FIGURE 3
 ROC curves for the efficiency of ONSD in predicting worsened condition at discharge. The ROC curves for both sides were located close to the upper-left corner, with an AUC of 0.814 for the affected side and 0.757 for the unaffected side, respectively.


Since previous studies often used mean bilateral ONSD values as the primary metric, a post-hoc power analysis was conducted to evaluate the predictive reliability of this parameter for discharge outcomes. Based on the observed values (improved group: 5.28 ± 0.43 mm; deteriorated group: 5.71 ± 0.37 mm), the analysis yielded a power of 86.75%, surpassing the conventional threshold of 80%, indicating that the findings are reasonably robust despite the limited sample size.

Comparison of the ROC curves for the affected and unaffected side ONSD, carried out using the DeLong test, revealed no statistically significant difference (AUC difference = 0.058, 95% CI: −0.063 to 0.178, Z = 0.938, p = 0.38). This indicates that the predictive performance for discharge outcomes is consistent between the two sides.



3.4 Follow-up outcomes of the improved group and the deteriorated group

The mRS was used to evaluate neurological recovery and disability levels at 30 and 90 days after discharge. Follow-up was conducted via telephone interview. Among the 35 participants, 28 patients were successfully followed up, while 7 were lost to follow-up. There was no significant difference in the follow-up rate between the improved group and the deteriorated group (p > 0.999, Supplementary Table 4), suggesting that the missing data were likely missing completely at random.

Outcomes of the 28 successfully followed patients were illustrated in a percentage bar chart (Figure 4). The overall 30-day post-discharge mortality was 39.29%, with the majority of deaths occurring in Group 2 (deteriorated outcome). Among survivors, neurological status remained largely unchanged between 30 and 90 days in Group 2, whereas patients in Group 1 (improved outcome) demonstrated significant functional recovery during the same period.

[image: Bar chart displaying the distribution of modified Rankin Scale (mRS) scores for four groups over 30 and 90 days. Each bar is divided into colored segments representing mRS levels from 1 to 6, with percentages indicated. Group 2 shows a high proportion of mRS level 6 (84.62%) at both time points, while Group 1 exhibits more variation across mRS levels, with notable segments at levels 4 and 3.]

FIGURE 4
 The mRS scores at 30 and 90 days after discharge. Mortality occurred predominantly in the deteriorated group (Group 2), with most deaths occurring within the first 30 days post-discharge. The improved group (Group 1) exhibited clinical improvement during follow-up.




3.5 Longitudinal ONSD monitoring

In this study, four consecutive ONSD measurements were obtained from 18 patients with extended NICU stays (Table 2) to characterize longitudinal ONSD changes in the affected and unaffected sides during the early treatment phase for LHI patients (Figure 5). Due to the limited number of patients with repeated measurements and challenges in longitudinal data collection, the analysis was confined to graphical observation of ONSD trends. These preliminary findings are intended to provide a foundational reference for the design of future longitudinal studies on ONSD monitoring.


TABLE 2 Summary of longitudinal ONSD monitoring in patients.


	Treatment/Group
	Group 1
	Group 2
	Total

 

 	Conservative 	4 	2 	6


 	Conservative—DHC* 	2 	1 	3


 	Reperfusion 	6 	0 	6


 	Reperfusion—DHC* 	0 	3 	3


 	Total 	12 	6 	18





* All DHC performed between D1 and D2.
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FIGURE 5
 Dynamic changes in ONSD among conservatively managed patients with improved (upper panel) and deteriorated (lower panel) outcomes.


Line graphs were used to illustrate ONSD changes in six representative patients (Figure 6). Based on discharge outcomes, patients A, C, D, and E were classified into the improved group, while patients B and F were assigned to the deteriorated group. Initial ONSD values exceeded 5 mm in all patients, indicating the presence of ICH within 48 h of symptom onset. Regardless of the treatment administered, the affected- and unaffected-side ONSD curves showed remarkable overlap across all patients. Notably, ONSD values decreased over time in the improved group but increased in the deteriorated group.
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FIGURE 6
 Individual examples of longitudinal ONSD changes in LHI patients. Patients (A,B) received conservative treatment; Patients (C,D) underwent reperfusion therapy; Patients E and F received DHC (performed between D 1 and D 2) following initial conservative treatment. A decreasing ONSD trend was observed in Patients (A,C–E), who showed clinical improvement at discharge. In contrast, Patients (B,F) exhibited an increasing ONSD trend and experienced clinical deterioration.


Patients in the conservative treatment group who did not undergo DHC were further categorized by discharge outcome into Group G (improved outcome) and Group H (deteriorated outcome). Mean ONSD values for the same measurement side at different time points were calculated and visualized using line graphs for intra- and inter-group comparisons (Figure 7). Intra-group analysis revealed overlapping ONSD curves for the affected and unaffected sides. Inter-group comparison showed that ONSD values in the deteriorated group consistently remained above 6.00 mm, whereas those in the improved group stayed below 5.50 mm.
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FIGURE 7
 Comparison of ONSD changes between Group G (improved outcome) and Group H (deteriorated outcome) in the conservative treatment cohort.





4 Discussion

LHI represents a severe form of ischemic stroke, often accompanied by the space-occupying cerebral edema that can lead to midline shift, impaired consciousness, and MCE with potential complications including brain herniation or death (13). Early detection of ICH is therefore critical. Although CT and magnetic resonance imaging (MRI) are the primary imaging techniques for evaluating cerebral infarction severity, transporting unstable LHI patients for these examinations carries risks of secondary injury. Additionally, CT involves radiation exposure and delayed image acquisition, while MRI is contraindicated in patients with metallic implants or claustrophobia. These limitations highlight the need for safer and more efficient monitoring techniques.

Ultrasound-based measurement of the ONSD has gained attention as a non-invasive surrogate for ICP monitoring and has been previously studied in the context of cerebral infarction (9, 18–20). However, most studies have focused on traumatic brain injury, idiopathic intracranial hypertension, and hemorrhagic stroke, with LHI remaining underrepresented due to its relatively low incidence. Existing research on ONSD in LHI has been predominantly retrospective, primarily aimed at predicting malignant progression, yet often lacking standardized definitions of deterioration and documentation of treatments administered before or after ONSD assessment. Furthermore, post-DHC ONSD measurements may not accurately reflect true ICP levels. Importantly, the influence of various treatments and their timing on cerebral edema dynamics and corresponding ONSD values has not been sufficiently examined.

This study employed bedside ultrasonography to measure ONSD and evaluate its predictive value for discharge outcomes in LHI patients. The results demonstrated consistent and moderate predictive performance for both the affected and unaffected sides. This indicates that for patients within 48 h of symptom onset who have received specialized treatment without undergoing DHC, ONSD measurements from either side can effectively predict adverse discharge outcomes. Utilizing a unilateral measurement approach can help reduce procedural time and optimize resource utilization. This technique provides a visual and objective basis for the early detection of ICH, assessment of its severity, prognostic evaluation, and guidance in treatment planning and adjustment. Furthermore, it represents a practical and safe alternative for monitoring and managing ICP in critically ill patients.

Our analysis revealed significantly larger ONSD values in the deteriorated group compared to the improved group. The optimal cut-off values for predicting deterioration were 5.54 mm for the affected side and 5.57 mm for the unaffected side. These values align closely with the cut-off of 5.6 mm reported by Lochner et al. for predicting MMI using ultrasound in 29 patients (9), and 5.52 mm by Guo et al. for predicting malignant edema via CT in 91 LHI patients (10). In contrast, Albert et al. reported a lower cut-off of 5.25 mm for predicting the development of MMI requiring DHC treatment in 38 patients with MCA infarction evaluated by CT (21). These discrepancies may stem from differences in study design, patient demographics, measurement techniques, equipment, and outcome definitions. It is noteworthy that interventions such as ICP-lowering drugs and mechanical ventilation may influence ICP (22) and, consequently, ONSD measurements (23). However, no significant differences were observed in the use of these interventions between our patient groups during ONSD assessment, suggesting that the initial ONSD differences primarily reflected intrinsic ICH rather than treatment effects. Further validation is warranted to confirm these findings.

LHI is marked by acute onset, rapid progression, high rates of disability and mortality, and generally unfavorable prognosis. A meta-analysis confirmed that DHC reduces mortality and improves functional outcomes (1). Although some patients in this study later underwent DHC, it should be noted that certain patients underwent surgical intervention more than 48 h after symptom onset, and were over the age of 60 (13). The impact of surgical timing and patient age on treatment efficacy warrants further investigation.

Additionally, dynamic ONSD monitoring in a subset of patients revealed highly consistent interocular trends before and after treatment, corroborating the findings of Yildiz et al. (12). This supports the potential clinical utility of serial ONSD evaluation. Patel et al., through continuous 2-day ONSD monitoring in acute stroke patients, demonstrated that ONSD was significantly associated with in-hospital mortality and poor prognosis at 6 months; each 0.1 mm increase in ONSD was associated with a 4.2-fold elevated risk of in-hospital mortality in ischemic stroke and a 6.2-fold increase in hemorrhagic stroke (20). These results suggest that longitudinal ONSD monitoring may offer an accessible and objective method for risk stratification in LHI.

The interpretation of our findings should consider several limitations. First, as a single-center study at a tertiary medical hospital, generalizability may be limited, and selection bias is possible, as some patients with severe LHI may not have been hospitalized or may have died before admission. Second, the limited sample size restricted advanced analyses such as subgroup comparisons, multivariate modeling, or assessment of external validity. Future prospective studies should aim to improve sample size estimation and involve multi-center collaborations to enhance robustness. Third, although a single operator performed all ultrasound measurements to minimize inter-observer variability, intra-rater reliability was not formally evaluated. Future work should include assessments of both intra- and inter-rater consistency. Fourth, the absence of invasive ICP monitoring, pre-onset functional scores (e.g., GCS, NIHSS, mRS), and healthy control ONSD measurements limited baseline comparisons and the establishment of reference values. Fifth, due to inconsistent availability of examination results, such as cerebral vascular stenosis and collateral circulation, which are prognostically relevant, these variables could not be systematically analyzed. More standardized protocols are needed in future studies. Sixth, unmeasured confounders, including socioeconomic factors and other unknown variables, may have influenced the results. Seventh, the follow-up was conducted solely by telephone, which may introduce recall and reporting biases. Furthermore, post-discharge events such as complications or rehabilitation were not systematically recorded, potentially confounding the interpretation of long-term outcomes. Subsequent studies should combine clinical visits with telephone interviews to improve data quality.

This study is a single-center investigation with a limited sample size. Future research should adopt large-scale, multi-center designs. The application of artificial intelligence technology may facilitate the identification of risk factors associated with LHI and enable the development of predictive models for quantitative risk assessment. Whether postoperative ONSD measurements accurately reflect ICP in LHI patients undergoing DHC remains uncertain and warrants further investigation. Additionally, the effects of advanced age (over 60 years) and surgical timing (within or beyond 48 h) on clinical outcomes require further elucidation. Ultrasonographic ONSD measurement not only allows for the statistical evaluation of ICP but also supports dynamic monitoring of its variations (24). Although few studies have focused on serial ONSD assessment, its potential clinical utility deserves greater attention in future research.

In conclusion, pre-DHC ultrasound assessment of ONSD within 48 h after symptom onset may help identify LHI patients at risk of deterioration at discharge, with both the affected and unaffected sides showing comparable predictive performance. Several factors, including age, female, history of AF, GCS score, ONSD measurements on either side, and the length of NICU stay, may influence discharge outcomes. The high short-term mortality underscores the urgent need for enhanced post-discharge management. And dynamic ONSD changes exhibit interocular consistency and remain stable before and after treatment interventions, highlighting the potential reliability of serial measurements.
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