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Abstract

Status epilepticus (SE) is a neurological emergency with high morbidity and
mortality. Early prognostication remains challenging, particularly in intensive
care settings where clinical evaluations are limited. We investigated whether the
voxel-wise proportion of preserved diffusion on diffusion-weighted imaging
(DWI)—defined as the percentage of brain voxels with apparent diffusion
coefficient (ADC) values between 600 and 1300 x 10-® mm?/s—may represent a
potential imaging marker associated with clinical outcomes that warrants further
validation. We retrospectively analyzed 59 patients with SE who underwent DWI
and electroencephalography within 72 h of seizure onset. ADC quantification was
performed using a fully automated, segmentation-free pipeline. Patients were
stratified by tertiles and dichotomized using a receiver operating characteristic
(ROC)-derived threshold. The primary outcome was defined as a good outcome,
corresponding to no change or improvement of at least one point on the modified
Rankin Scale from premorbid baseline to hospital discharge. Patients in the
highest ADC tertile had significantly better outcomes (odds ratio [OR] 5.67, p =
0.024). At the optimal threshold of 0.797, preserved ADC was associated with

favorable outcomes after adjustment for clinical variables (OR 6.05, p = 0.045),



along with younger age and lower EEG severity. A combined clinical-ADC model
achieved an area under the ROC curve of 0.868. The preserved ADC was
associated with improved outcome prediction and may provide exploratory

imaging information for early risk assessment in patients with SE.
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Introduction

Status epilepticus (SE) constitutes a life-threatening neurological emergency
with a considerable risk of long-term disability and mortality. Despite the
therapeutic advancements, predicting neurological outcomes remain a complex
and unresolved challenge for clinicians and caregivers alike!l. Reliable early
prognostic tools are essential for guiding the therapeutic intensity, rehabilitation

planning, and discussions regarding care goals?3,

Several clinical factors have been consistently associated with the outcomes in
SE, including etiology, age, baseline functional status, and
electroencephalographic (EEG) features. Among these, etiology is regarded as
one of the strongest determinants of prognosis, whereas advanced age and poor
premorbid functional status are well-established predictors of unfavorable
outcomes?*’. Specific EEG patterns, such as generalized periodic discharges,
burst suppression, and lack of EEG reactivity have been consistently associated
with a worse prognosis® 1V, Although scoring systems such as the Status
Epilepticus Severity Score (STESS)!! and Epidemiology-Based Mortality Score in
Status Epilepticus (EMSE)8 provide structured prognostic frameworks, their
predictive accuracy for individual patients remains limited, particularly during
the early phase of SE (defined as within the first 24 h after seizure onset and

before resolution of SE)”.

The utility of clinical examination and EEG is often hampered by confounding
factors such as sedation, neuromuscular blockade use, or altered consciousness
in the intensive care unit (ICU). Furthermore, EEG interpretation requires
specialist expertise and may not be consistently available in real time. These
challenges underscore the need for an automated, objective imaging biomarker

that can facilitate early risk stratification independent of patient responsiveness



and specialist availability.

Neuroimaging, particularly diffusion-weighted imaging (DWI) and apparent
diffusion coefficient (ADC) maps, has emerged as a key tool for evaluating the
brain injury in SE and related conditions®-10. Previous studies have largely relied
on qualitative assessments or region-of-interest (ROI)-based measurements to
characterize peri-ictal magnetic resonance imaging abnormalities (PMA)7.12.13,
Recently, quantitative approaches to DWI/ADC analysis in SE have been reported,
with proposed cutoff values for prognostication!4. However, these methods are

limited by regional sampling and the lack of whole-brain representation.

To overcome these limitations, we applied a fully segmentation-free, voxel-wise
analysis of ADC distribution across the entire brain. This automated approach
enables an objective and highly reproducible quantification of the proportion of
brain tissue with preserved diffusion, eliminating observer bias and allowing for
rapid assessment without manua! intervention. We hypothesized that a higher
whole-brain normal ADC ratio would be associated with favorable neurological
outcomes in patients with SE. Accordingly, this study aimed to evaluate the
relationship between diffusion preservation and functional recovery and assess
the clinical utility of this metric as a simple and scalable imaging biomarker for

outcome prediction in SE.

Results

Clinical characteristics

Overall, 59 patients with SE were included in the analysis (age, 60.3+17.6, mean
+ standard deviation [SD]; male, 67.8%), comprising 39 patients with good

outcomes and 20 with poor outcomes. The clinical outcomes were categorized



based on changes in the modified Rankin Scale (mRS) from the premorbid state
to hospital discharge. A good outcome was defined as no change or an
improvement of at least one point on the mRS, whereas a poor outcome was
defined as a deterioration of at least one point. Patients in the poor outcome
group were significantly older than those in the good outcome group (68.8 = 16.4
vs. 55.9 = 16.7 years, p = 0.007). No significant differences were observed
between the groups in terms of premorbid mRS score, sex, or major vascular

comorbidities (Table 1).

The EEG patterns differed significantly between the outcome groups (p = 0.022),
with patients with poor outcomes more frequently exhibiting epileptiform activity,
whereas patients with good outcomes more commonly showed no abnormalities
or diffuse slowing. Admission Glasgow Coma Scale (GCS) scores were
significantly lower in the poor outcome group than in the good outcome group
(median [interquartile range, IQR]: 8.0 [5.0-12.3] vs. 11.0 [8.0-13.0], p = 0.027).
SE semiology showed a trend toward association with outcome, but did not reach
statistical significance (p = 0.072). The etiological categories were not

significantly associated with the outcome (p = 0.294).

The duration of clinical symptoms was numerically longer in the poor outcome
group (139.2 = 240.8 min, mean = SD) than in the good outcome group (59.3 =
70.5 min, mean * SD), although this difference was not statistically significant (p

= 0.058).

Patients with poor outcomes had a significantly longer ICU length of stay than
those with good outcomes (median [IQR], 30.5[15.8-51.3] vs. 7 [3-15] days; p <

0.001).



MRI acquisition timing and potential confounding

The interval from seizure onset to MRI acquisition was quantified to assess the
potential confounding effects of imaging timing on ADC measurements. The
median time to MRI was 6.48 h (IQR, 3.52-13.83) in the good outcome group and
6.10 h (IQR, 4.43-13.43) in the poor outcome group, with no significant difference
between groups (p = 0.899, Table 1). Sensitivity analyses using a 6-h threshold
further corroborated that the acquisition timing did not substantially bias our
prognostic inferences (Table 2). Following adjustment for this temporal latency,
the independent association between the normal ADC ratio and clinical recovery

remained materially unchanged (p = 0.955, Table 3).

Quantitative ADC analysis and normal ADC ratio tertile analysis

A quantitative voxel-wise ADC analysis revealed that the proportion of brain
voxels within the normal ADC range (600-1300%10-% mm?/s) was significantly
higher in the good outcome group (81.0 = 5.5, mean * SD, %) than in the poor
outcome group (75.8 £ 6.6, mean = SD, %, p = 0.003, Table 1). As shown in Fig.
1, voxel-wise ADC distributions in the good outcome group showed a narrow,
symmetrical peak centered within the normal range, whereas the poor outcome
group exhibited a broader and more right-shifted distribution, suggesting

increased high-range ADC values.

To further evaluate the prognostic relevance of diffusion preservation, the
patients were stratified into tertiles based on their individual normal ADC ratios:
Tertile 1 (low: 0.623-0.766), Tertile 2 (intermediate: 0.767-0.818), and Tertile 3
(high: 0.819-0.902; Supplementary Table S1, Fig. 2). The mean normal ADC ratio

increased progressively across groups: 0.723 = 0.033 in low, 0.794 = 0.016 in



intermediate, and 0.861 £ 0.028 in high. A corresponding trend in good outcome
rates was observed (50.0%, 63.2 %, and 85.0% in the low-, intermediate-, and
high groups, respectively; p = 0.062, Supplementary Table S1, Fig. 3). Univariate
logistic regression confirmed this relationship: patients in the highest tertile had
significantly greater odds of good outcome (odds ratio [OR] 5.67, 95% confidence
intervals [CI] 1.25-25.61, p = 0.024) than those in the lowest tertile, whereas the
intermediate group showed no significant difference (OR 1.71, 95% CI1 0.48-6.16,
p = 0.409, Table 2). These findings suggest a nonlinear trend in the outcome
probability across ADC tertiles, prompting further analysis to determine a

clinically actionable threshold.

Voxel-wise DWI/ADC group classification and catcome association

The distribution of ADC values exhibited distinct histogram patterns across the
three groups, with the DWI hyperintensity with low ADC showing a prominent
leftward skew and DWI hyperintensity with high ADC demonstrating a rightward
shift (Supplementary Fig. S1). Upon visual inspection of the DWI and
corresponding ADC maps, 34 patients (57.6%) showed no DWI hyperintensity, 18
patients (30.5%) exhibited DWI hyperintensity with low ADC, and 7 patients
(11.9%) demonstrated DWI hyperintensity with high ADC. Accordingly, ADC
abnormalities were observed as decreased ADC in 18 patients (30.5%) and
increased ADC in 7 patients (11.9%), whereas 34 patients (57.6%) had no visually

apparent diffusion abnormality (Supplementary Table S2).

Although the median GCS scores and sedation rates were comparable across
these groups (Supplementary Table S2), the clinical outcomes differed markedly.

Good outcome rates were high in both no DWI hyperintensity (85.3%) and DWI



hyperintensity with high ADC (85.7%); however, only 22.2% of patients with DWI
hyperintensity with low ADC achieved a good outcome (p < 0.001). The ICU
length of stay differed across the DWI/ADC voxel groups, with the longest ICU
length of stay observed in patients with DWI hyperintensity and low ADC (median
[IQR], 17.5[12.25-33.0] days) compared with those without DWI hyperintensity
(9.5 [3.25-20.0] days) or with DWI hyperintensity and high ADC (11.0 [5.0-18.0]

days), although this difference did not reach significance (p = 0.060).

ROC-based cut-off derivation and clinical application

Receiver operating characteristic curve (ROC) analysis identified an optimal
threshold of 0.797 for the normal ADC ratio, yielding an area under the ROC
(AUROC) of 0.732, with 64.1% sensitivity, 85.0% specificity, 89.3% positive
predictive value (PPV), 54.8% negative predictive value (NPV), and an overall
accuracy of 71.2%. This threshold was used to dichotomize the patients into

“Preserved ADC” (= 0.797) and “Non-preserved ADC” (< 0.797) groups.

In a multivariable logistic regression model adjusted for age, premorbid mRS,
and EEG severity, a normal ADC ratio = 0.797 (Preserved ADC group) was
independently associated with good outcomes (OR 6.05, 95% CI 1.04-35.09, p =
0.045). The other independent predictors included younger age (OR per year
increase: 0.95, p=0.047), lower EEG severity (OR for moderate vs. severe: 0.33,
p = 0.015), and lower premorbid disability (OR per point increase in pre-mRS:

1.88, p = 0.047; Table 3).

Prognostic performance comparison

The prognostic performance of models using continuous versus dichotomized



ADC ratios was compared using an ROC analysis. The ADC-only model with
continuous ADC yielded an AUROC of 0.732, whereas the clinical-only model (age,
premorbid mRS, and EEG severity) achieved an AUROC of 0.829, and the
combined model integrating continuous ADC and clinical features showed an
AUROC of 0.860 (Fig. 4A). When the normal ADC ratio was dichotomized at the
0.797 cut-off, the cutoff-based ADC-only model achieved an AUROC of 0.746, and
the combined model with dichotomized ADC and clinical variables reached an
AUROC of 0.868 (Fig. 4B). Although incorporation of either continuous or
dichotomized ADC ratio numerically increased the AUROC compared to the
clinical-only model (0.860 vs. 0.829 and 0.868 vs. 0.829, respectively), these
exploratory improvements did not reach statistical significance (continuous ADC:
p=0.933; dichotomized ADC: p = 0.394). The established bedside severity scores
demonstrated moderate prognostic performance (STESS AUROC 0.722; mSTESS

AUROC 0.694, Supplementary Table 3).

Discussion

In this exploratory pilot study, we observed that the proportion of brain voxels
within the normal ADC range is independently associated with the clinical
outcomes in patients with SE. Using a fully automated, voxel-wise segmentation
approach, we introduced the normal ADC ratio as a quantitative global imaging
metric of diffusion integrity. We identified a potential clinically relevant threshold:
patients with a normal ADC ratio =79.7%, defined as the "Preserved ADC group,"
had demonstrated significantly higher odds of favorable outcomes compared with
that in the "Non-preserved ADC group" (<79.7%). The preserved ADC can be
extracted from routine DWI without manual ROI placement, enabling

reproducible and operator-independent quantification.



In the ICU setting, clinical examination and EEG assessment may be constrained
by several practical factors, including limited access to continuous EEG
monitoring, delays in expert interpretation, and technical challenges related to
sedation, motion artifacts, and altered levels of consciousness?10.15, These
limitations highlight the potential value of objective, automated imaging
biomarkers that can support early prognostication, independent of patient
responsiveness or specialist availability. The preserved ADC may serve as a
candidate imaging metric for future studies investigating imaging-based
prognostic assessment strategies. With minimal post-processing, the
preserved/non-preserved ADC status may be incorporated into radiologic

workflows or clinical dashboards to complement early risk stratification.

The prognostic relevance of ADC is rooted in the pathophysiology of SE.
Prolonged seizure activity leads to excessive glutamate release, resulting in an
excitotoxic calcium influx, mitochondrial dysfunction, and ATP depletion!®.17, This
disrupts the Na*/K* ATPase furiction, leading to intracellular sodium and water
accumulation and ultimately cytotoxic edema, which restricts extracellular water
diffusion and low ADC values!®18, Therefore, the preserved ADC reflects intact
cellular energy metabolism and membrane integrity, indicating that widespread
irreversible injury has not yet occurred!’. Thus, a high normal ADC ratio may
signify a potentially reversible stage of injury, where functional recovery remains

possible.

To further elucidate the prognostic significance of voxel-level ADC patterns, we
stratified patients based on the presence of DWI hyperintensity and ADC
directionality. The outcome differences among these groups were notable,
whereas patients with DWI hyperintensity and high ADC exhibited a similar rate

of favorable recovery compared to those without DWI hyperintensity (85.3% and



85.7%, respectively), only 22.2% of patients with DWI hyperintensity and low
ADC achieved good outcomes. In addition, to address the potential confounding
effects of motion artifacts, especially in critically ill patients, we examined the
sedation status and GCS at the time of imaging, which did not differ across the
groups. These findings suggest that the observed diffusion patterns likely reflect

the underlying tissue physiology rather than imaging artifacts.

Although most previous studies have focused on ADC reduction as a marker of
cytotoxic edema, our study highlights the clinical significance of elevated ADC
values in patients with SE. Patients with DWI hyperintensity and high ADC
showed favorable outcomes comparable to those without DWI hyperintensity.
This finding indicates that DWI hyperintensity accompanied by a high ADC may
reflect reversible, non-cytotoxic processes such as vasogenic edema, reactive
hyperperfusion, or transient postictal shifts in diffusion dynamics?0-22, These
findings expand upon prior studies on SE, traumatic brain injury, hypoxic-
ischemic encephalopathy, and cardiac arrest, which have shown associations

between low ADC and pcor outcomes?23-25,

Despite the well-established influence of the underlying etiology on the outcomes
of SE, etiological categories were not significantly associated with the outcomes
in our cohort. Moreover, the prognostic performance of ADC-derived metrics
remained robust after adjusting clinical variables, including etiology, EEG
patterns, level of consciousness, and seizure semiology. These findings suggest
that whole-brain voxel-based ADC analysis provides prognostic information that
is not solely driven by the underlying etiology. Furthermore, a potential overlap
between PMA and diffusion changes caused by acute structural lesions is
mitigated by whole-brain voxel-based ADC analysis, which emphasizes global

diffusion distributions rather than localized abnormalities.



Several clinical prognostic scores have been proposed for SE, including STESS!1,
its modified version (mSTESS)%, EMSE?, and the END-IT score?>. Although these
tools provide structured clinical frameworks, their application in acute ICU
settings may be limited by incomplete clinical information, delayed availability of
key components, and inter-observer variability. In our cohort, established bedside
scores demonstrated moderate prognostic performance (STESS AUROC 0.722;
mSTESS AUROC 0.694), comparable to the ADC-only model (AUROC 0.732).
Integrating quantitative ADC metrics with clinical variables numerically
improved discrimination compared with the clinical models alone, although these
differences did not reach statistical significance. These findings suggest that
automated whole-brain ADC analysis offers complementary prognostic
information beyond traditional bedside assessments and may help bridge the gap
between readily available clinical scores and objective neuroimaging biomarkers

in critically ill patients with SE.

In the context of prior imaging-based studies, diffusion abnormalities in SE have
predominantly been evaluated using qualitative assessment or regional ROI-
based ADC measurements.1213 Quantitative analyses have shown that regional
ADC reduction is associated with clinical outcomes, with reported imaging-based
AUROC values around 0.70.14 Other MRI studies focusing on peri-ictal
abnormalities have similarly demonstrated modest discriminative performance,
generally ranging between 0.65 and 0.75 when imaging variables were analyzed
alone.1213In comparison, the standalone normal ADC ratio in our cohort achieved
an AUROC of 0.732, which falls within the range of previously reported diffusion-
based approaches. When integrated with clinical severity variables, the combined
model reached an AUROC of 0.868. Although direct head-to-head comparisons

were not performed and external validation is required, these findings position



automated whole-brain ADC quantification as a standardized and reproducible

approach compared with regional ROI-based strategies.

Against this backdrop, automated imaging-based biomarkers may offer
complementary value by providing objective and readily available prognostic
information. This study highlights the potential of an automated, artificial
intelligence (Al)-assisted imaging analysis for outcome prediction in neurocritical
care?6-28, The preserved ADC was computed using a voxel-wise, ROI-free
segmentation pipeline, allowing for a reproducible quantification of global
diffusion characteristics without manual input?®. This approach reduces inter-
observer variability and facilitates rapid whole-brain ADC histogram analysis. As
the neuroimaging data volume and complexity continue to grow, the integration
of Al-driven analytical methods will be essential for developing scalable, real-time

prognostic tools.

From a clinical implementation perspective, voxel-wise continuous ADC ratio
modeling provides detailed prognostic information but may be limited by its
complexity and interpretability in routine settings. Application of a simplified
dichotomized threshold (=0.797) yielded comparable predictive performance
when combined with clinical parameters, without substantial loss of
discrimination. This suggests that a clinically practical cutoff can serve as a
practical surrogate for more complex quantitative metrics in real-world decision-

making.

Despite the pathophysiological insights provided by quantitative neuroimaging,
obtaining acute DWI/ADC MRI remains challenging in critically ill patients, as
MRI acquisition is resource-dependent and often delayed by logistical constraints,
in contrast to bedside clinical scoring systems. Prior studies have demonstrated

that PMA evolve dynamically over time and are influenced by imaging timing,



underscoring the potential impact of delayed acquisition on ADC
measurements30-33, To address this concern, we explicitly quantified the interval
from seizure onset to MRI and incorporated the imaging delay into our
multivariable analyses. Although adjustment for imaging delay did not materially
alter the associations observed in our cohort, standardized imaging protocols
would further enhance consistency. These findings underscore the
complementary role of quantitative neuroimaging alongside clinically accessible

bedside assessments.

Several limitations should be acknowledged. First, this was a single-center
retrospective pilot study with a relatively small sample size, and the findings
should therefore be considered hypothesis-generating rather than confirmatory.
Larger prospective multicenter cohorts are required to validate the robustness of
the observed associations. Second, although our results were interpreted in
relation to previously published imaging-based prognostic studies, we did not
perform direct head-to-head comparisons within the same cohort using
alternative ROI-based ADC methods or previously established imaging models.
Accordingly, the incremental value of whole-brain voxel-wise quantification over
regional approaches remains to be confirmed in future comparative
investigations. In addition, the ROC-derived cutoff (0.797) was identified and
evaluated within the same dataset without external validation. This may
introduce optimism bias and limit generalizability across different scanners,
acquisition protocols, and patient populations. Furthermore, although the
combined model numerically improved discriminative performance compared
with clinical variables alone, the differences in AUROC did not reach statistical
significance and should therefore be interpreted cautiously. Third, MRI

acquisition timing varied between patients, and although adjustment for imaging



delay did not materially alter the associations observed, standardized imaging
protocols would enhance consistency. Clinical outcomes were assessed at
hospital discharge rather than at longer-term follow-up, and continuous EEG
monitoring was not routinely available. The cohort was heterogeneous with
respect to etiology, seizure duration, and treatment intensity, and additional
unmeasured confounders—including sedative exposure and dynamic EEG
evolution—may have influenced outcome classification. Finally, while the voxel
histogram analysis was automated and reproducible within our platform, its
robustness across diverse imaging environments and the potential impact of

anatomical distribution of preserved ADC warrant further investigation.

Conclusion

This exploratory study suggests that the normal ADC ratio may represent a
quantitative automated imaging metric associated with clinical outcomes in SE.
Using a voxel-wise analysis of routine diffusion-weighted MRI, we identified a
potential clinically relevant threshold of 79.7%, which was associated with a more
than sixfold increase in the likelihood of favorable outcomes. This marker can be
obtained without manual segmentation and may provide imaging information

complementary to established clinical predictors.

Methods

Study design and population

This retrospective study initially identified 94 consecutive adult patients

diagnosed with SE who underwent brain MRI, including DWI and EEG, between



January 2021 and January 2025. SE was defined according to the ILAE criteria,
which specify either continuous seizure activity lasting longer than 5 min or two
or more seizures without full recovery between episodes. Only patients managed
in the neurological ICU with available clinical, EEG, and imaging data were
screened. Patients were excluded if they were younger than 19 years (n = 7), had
a premorbid mRS score of 5 (n = 12), or lacked DWI at the time of evaluation (n
= 16). These criteria were applied to ensure cohort homogeneity and exclude
cases with uniformly unfavorable baseline functional statuses that might
introduce selection bias. After these exclusions, 59 patients were included in the
final analysis. The patient selection process is summarized in Supplementary Fig.

S2.

Clinical and imaging data collection

The clinical data collected for each patient included age, pre-mRS, and
comorbidities documented 11 the medical records. Neurological assessments
were performed for clinical outcome evaluation during ICU hospitalization by
trained medical staff. The level of consciousness at presentation was assessed

using the GCS34,

SE semiology was classified as convulsive or non-convulsive based on clinical
documentation and EEG findings3°>. EEG recordings were acquired using the
standard 10-20 electrode placement system with bipolar and referential
montages, following the guidelines of the American Clinical Neurophysiology
Society?. The original EEG interpretations and reports were generated by two
experienced neurologists. The EEG severity was scored using a simplified ordinal

scale as follows: no abnormality, mild abnormality, moderate abnormality, and



severe abnormality3. For descriptive analyses, the EEG pattern categories were
as follows: no abnormality, diffuse slowing, rhythmic or focal slowing with sharp
waves, and epileptiform activity?10. Etiology was classified according to the ILAE
framework into acute symptomatic (structural, metabolic/toxic, or infectious),
remote symptomatic (remote structural), progressive, and unknown causes based

on clinical, laboratory, and neuroimaging data3.

All EEG and clinical evaluations were performed according to standard protocols,

and the recordings were interpreted by experienced neurologists.

MRI acquisition timing and adjustment for imaging delay

Brain MRI, including DWI and ADC sequences, was performed during acute
hospitalization according to clinical stability and logistical availability, typically
within 72 h after seizure onset. Given the potential influence of imaging timing
on ADC measurements, as PMA are known to evolve dynamically over time in
SE30-33, we quantified the interval from seizure onset to MRI acquisition for each
patient. For cases ini which imaging occurred after midnight relative to symptom
onset, timing was automatically adjusted to account for day transitions. MRI
delay was expressed in hours and was primarily analyzed as a continuous variable.
Differences in the MRI delay between outcome groups were assessed using the
Mann-Whitney U test. To address the potential confounding, an MRI delay was
included as a covariate in multivariable models examining the association
between ADC-derived metrics and clinical outcomes. In exploratory analyses, a
pragmatic binary threshold (>6 vs. =6 h) was applied to facilitate clinical

interpretation.



Voxel-wise ADC quantification and normal ADC ratio derivation

Voxel-wise ADC values were extracted from whole-brain DWI images using a fully
automated, proprietary, ROI-free method to eliminate the potential observer bias
and ensure maximal reproducibility and standardization across all subjects.
Instead of limiting the analysis to predefined regions, the entire brain volume was
comprehensively analyzed to maintain objectivity and avoid user-dependent
variability®. This whole-brain, segmentation-free approach enabled standardized,
reproducible assessment of diffusion abnormalities across patients. Automated
diffusion analysis was performed using a validated Al-assisted neuroimaging
platform (JLW DWI, JLK Inc., Seoul, South Korea)2936 that integrates brain
extraction, normalization, and voxel-wise ADC quantification based on

standardized brain parcellation (Supplementary Fig. S3).

The voxel counts across the full ADC spectrum (200-1950 x10-% mm?/s) were
quantified. For each patient, the normai ADC ratio was defined as the proportion
of brain voxels with ADC values within the physiologically preserved range (600-
1300 x10-% mm?/s) relative to the total number of brain voxels. Each voxel was
further categorized as low ADC (<600 x10-¢ mm?/s), normal ADC (600-1300

x10-6 mm?/s), or high ADC (>1300 x10-¢ mm?/s)14.15.37,38,

To minimize the contamination from focal structural lesions such as acute
ischemic stroke or encephalitis, DWI/ADC maps were visually reviewed in
conjunction with conventional MRI sequences and clinical information, and
voxels showing clear vascular territorial patterns consistent with acute structural
lesions were excluded from classification. Peri-ictal changes were defined as non-
territorial or bilateral diffusion abnormalities. This whole-brain voxel-based
approach reduces the influence of focal etiological lesions on the global ADC

metrics. Representative patient examples illustrating voxel-wise DWI/ADC



analysis are shown in Supplementary Fig. S3.

Stratification and outcome definition

To examine the association between diffusion preservation and clinical outcomes,
the patients were stratified into tertiles based on their individual normal ADC
ratio. The cut-off values for Tertile 1 (low), Tertile 2 (intermediate), and Tertile 3
(high) were determined using the 33.3rd and 66.6th percentiles of the normal
ADC ratio distribution, allowing for a grouping approach based on relative

distribution within the cohort rather than absolute thresholds.

In addition, patients were classified into three groups based on a voxel-wise
analysis of DWI and the corresponding ADC values to further characterize the
prognostic implications of diffusion abnormalities. DWI hyperintense lesions
were automatically segmented using threshold-based extraction, and the ADC
values in these regions were analyzed. The patients were categorized as follows:
1) no DWI hyperintensity, 2) DWI hyperintensity with low ADC (<600 x 106

mm?/s), and 3) DW! hyperintensity with high ADC (>1300 x 10-¢ mm?/s).

Clinical outcomes were defined based on the mRS change from the premorbid
state to discharge. A good outcome was defined as no change or improvement of
at least one point in mRS, whereas a poor outcome was defined as a deterioration

of at least one point39-40,

The STESS and mSTESS were calculated according to the published
definitions®11. STESS incorporates age, level of consciousness, seizure type, and
history of epilepsy. An age = 65 years was assigned 2 points. The level of
consciousness was approximated using the GCS, with a GCS score of = 8

considered equivalent to stupor/coma (1 point). The seizure type was derived



from SE semiology and GCS, with convulsive SE assigned 1 point, nonconvulsive
SE with coma (GCS = 8) assigned 2 points, and nonconvulsive SE without coma

assigned O points. An absence of prior epilepsy was assigned 1 point.

The mSTESS was calculated using the same components, with an age threshold
of = 70 years and additional weighting for premorbid functional status.
Premorbid mRS was categorized as 0 (0 points), 1-3 (1 point), and > 3 (2 points),

consistent with prior reports.

Statistical Analysis

Continuous variables were presented as mean = SD or miedian (IQR) and were
compared using the independent t-test, Mann-Whitney U test, or Kruskal-Wallis

test as appropriate, with post-hoc pairwise testing where applicable.

To evaluate the prognostic performance, the normal ADC ratio was used as both
a continuous and categoricel variables (based on empirically derived tertiles or
ROC-derived cut-offs). Univariate and multivariable logistic regression models
were constructed to evaluate the association between the ADC-based measures
and clinical outcomes. Candidate variables with p < 0.2 in univariate analysis
were entered into the multivariable model to ensure the inclusion of potentially
relevant predictors. All models were adjusted for relevant clinical covariates. OR,

95% CI, and p-values were reported.

AUROC was used to compare the model’s performance. AUROC analysis was used
to identify the optimal cutoff value via the Youden Index. To compare AUROCs
between models, DeLong’s test for two correlated AUROC curves was applied.
Diagnostic metrics—including sensitivity, specificity, PPV, NPV, and accuracy—

were computed.



Statistical significance was defined as p < 0.05. All statistical analyses were
conducted using SPSS version 26.0 for Windows (SPSS Inc., Chicago, IL, USA),
and graphical data analysis was conducted using R version 4.0.1 (Washington

University, St. Louis, MO, USA).

Because this study was designed as an exploratory retrospective imaging analysis,
no formal a priori sample-size calculation was performed, which is consistent with
hypothesis-generating imaging studies. The study population was determined by

consecutive eligible patients during the predefined study period.
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Figure legends

Fig. 1. Mean voxels count distribution across ADC values in patients with status

epilepticus, stratified by clinical outcome.

The blue and red lines represent patients with good and poor outcomes,
respectively. ADC values are displayed on the x-axis in units of Xx10-¢ mm?/s. The
y-axis shows the average number of voxels per ADC bin, normalized across

patients in each group.

Fig. 2. Distribution of normal ADC ratio across the cohort, with tertile cutoffs

indicated.

Vertical dashed lines represent the 33.3rd and 66.6th percentiles, used to define

Tertile 1 (low), Tertile 2 (intermediate), and Tertile 3 (high) groups.

Fig. 3. Proportion of patients with good and poor outcomes across tertile groups

of the normal ADC ratio.



Good outcome rates increased across Tertile 1 to Tertile 3.

Fig. 4. Comparison of prognostic performance between voxel-based ADC metrics
and clinical scores.

(A) Receiver operating characteristic (ROC) curves comparing STESS, mSTESS,
the clinical-only model (age, premorbid mRS, and EEG severity), the ADC-only
model using continuous normal ADC ratio, and the combined clinical-ADC model.

(B) ROC curves using dichotomized normal ADC ratio (cutoff 0.797). STESS and
mSTESS demonstrated moderate discrimination, comparable to the ADC-only
model, whereas combined clinical-ADC models achieved numerically higher area
under the ROC curve (AUROC) values than clinical models alone. Although these
improvements did not reach statistical significance, integration of voxel-based
ADC metrics provided complementary prognostic information beyond established
bedside scores.
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Table 1. Baseline characteristics according to clinical outcome

Variable Good Outcome Poor Outcome p-
(n= 39, (n= 20, value
50.84%) 49.16%)
Age, mean *+ SD 55.9 = 16.7 68.8 + 16.4 0.007
Sex (male), n (%) 27 (69.2) 13 (65.0) 0.972
Diabetes mellitus, n (%) 8 (20.5) 7 (35.0) 0.371
Dyslipidemia, n (%) 6 (15.4) 2 (10.0) 0.865
Stroke, n (%) 14 (35.9) 7 (35.0) 1.000
Chronic kidney disease, n (%) 2 (5.1) 1 (5.0) 1.000
Carotid artery disease, n (%) 7(17.9) 1 (5.0) 0.330
Cancer, n (%) 3(7.7) 3(15.0) 0.696
Glasgow Coma Scale, median
(IQR) 8.0 (5.0-12.3) 11.0 (8.0-13.0) 0.027
SE semiology, n (%) 0.072
convulsive 30 (76.9) 10 (50.0)
non-convulsive 9 (23.1) 10 (50.0)
Etiology, n (%) 0.294
Acute symptomatic (structural /
metabolic / toxic / infectious) §) 7
Remote symptomatic (remote
structural) 13 5
Progressive 1 0
Unknown 19 7
Electroencephalography
severity , n (%) 0.022



Normal

Mild

Moderate

Severe
Electroencephalography
pattern, n (%)

No abnormality

Diffuse slowing

Rhythmic/focal slowing
sharp waves

Epileptiform activity
Pre-mRS, n (%)

0

1

2

3

4

8 (20.5)
9 (23.1)
8 (20.5)

14 (35.9)

8 (20.5)

9 (23.1)
or

8 (20.5)

14

17 (43.6)
12 (30.8)
3(7.7)
5(12.8)

2 (5.1)

Symptom duration (min), mean

+ SD

59.26 = 70.46

Proportion of normal ADC, mean

+ SD

Time to MRI acquisition, hours,

median (IQR)

81.0 = 5.5

13.83)

ICU length of stay, days, median

(IQR)

7 (3-15)

6.48 (3.52-

0 (0)
2 (10.0)
3 (15.0)

15 (75.0)

0.022
0 (0.0)

2 (10.0)

3 (15.0)
5 (25.0)
0.858
10 (50.0)
4 (20.0)
2 (10.0)
2 (10.0)
2 (10.0)

139.15 = 240.80 0.058

75.9 £ 6.6 0.003
6.10 (4.43-

13.43) 0.899
<0.00

30.5(15.8-51.3) 1

ADC, apparent diffusion coefficient; mRS, modified Rankin Scale; SD, standard

deviation; IQR, interquartile range



Table 2. Univariate logistic regression analysis of predictors for good functional

outcome
Odds ratio (95%
Variable P-value
CI)
Age "~ 0.95(0.92 -0.99) 0.011
Sex 1.21 (0.39 - 3.80) 0.742
Electroencephalography 0.36 (0.17 - 0.74) 0.006
Pre-mRS 0.97 (0.64 - 1.48) 0.889
Diabetes mellitus 0.48 (0.14 - 1.60) 0.231
Dyslipidemia 1.45 (0.39 - 5.46) 0.573
Stroke 0.91 (0.29 - 2.90) 0.878
Chronic kidney disease 0.45 (0.09 - 2.19) 0.326
Carotid artery disease 0.48 (0.14 - 1.60) 0.231
Cancer 0.48 (0.14 - 1.60) 0.231

Time to MRI acquisition (continuous MRI 1.002 (0.92 -
0.956
delay, per hour) 1.09)

Time to MRI acquisition (binary MRI delay
1.00 (0.33-3.01) 1.000
over 6h)




ADC Normal Ratio?
Tertile 1 (Low)

Tertile 2 (Mid)

Tertile 3 (High)

1.17 (1.02 - 1.34)
Reference
1.71 (0.48 - 6.16)
5.67 (1.25 -

25.61)

0.03

0.409

0.024

ADC, apparent diffusion coefficient; CI, confidence intervals; mRS, modified

Rankin Scale

aTertile groups are based on the distribution of normal ADC ratios: Tertile 1

(0.623-0.766), Tertile 2 (0.767-0.818), and Tertile 3 (0.819-0.902).

Table 3. Multivariable logistic regression model using ROC-derived ADC

threshold

Odds ratio (95% P-
Variable

CI) value

Age 0.95 (0.91 - 1.00) 0.047
Electroencephalography 0.33 (0.14 - 0.80) 0.015
Pre-mRS 1.88 (1.01 - 3.52) 0.047
Time to MRI acquisition (continuous MRI

1.00 (0.91-1.11) 0.955
delay)
ADC _Group Cutofff 6.05 (1.04 - 35.09) 0.045

ADC, apparent diffusion coefficient; mRS, modified Rankin Scale; ROC, receiver

operating characteristic



TADC Group_ Cutoff refers to a dichotomized variable using a Preserved ADC cut-
off of 0.797, as derived from ROC analysis (Preserved: = 0.797; Non-preserved:

< 0.797).



