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Abstract 
Aim: The pathophysiology and prognostic significance of postanoxic status epilepticus (SE) remain poorly defined. We compared the extent of 
hypoxic–ischemic brain injury (HIBI) in postanoxic SE with other EEG patterns, particularly generalized periodic discharges (GPDs), using quanti-

tative MRI analysis.

Methods: Retrospective two-center observational study of consecutive comatose patients after cardiac arrest, having EEG and brain MRI data. 
Patients were classified into four EEG pattern groups (SE, GPDs, malignant, or benign). Quantitative ADC maps were compared across groups 
using region-of-interest and voxel-wise analyses. Secondary multivariable logistic models assessed predictors of neurological recovery (coma recov-

ery at discharge and Cerebral Performance Category at 3 months).

Results: Among 192 postanoxic patients (76 benign, 46 GPDs, 44 malignant, 26 SE), coma recovery occurred in 30.7% and 21.2% achieved a CPC 
1–2 at 3 months. Whole-brain ADC values differed significantly across EEG patterns (p < 0.001), with the lowest values in malignant patterns (me-

dian 750 10 6 mm2 /s) and GPDs (838 10 6 mm2 /s), and higher values in SE (893 10 6 mm2 /s) and benign patterns (907 10 6 mm2/s;

p < 0.001). SE showed significantly higher ADC than malignant (p < 0.001) and GPD groups (p = 0.021), but did not differ from the benign group

(p = 0.26). Regional and voxel-wise analyses confirmed these findings. In multivariable models, higher occipital cortical ADC was an independent

predictor of good outcome, alongside EEG pattern, clinical variables, and neuron-specific enolase.

Conclusions: Postanoxic SE exhibited a more favorable HIBI profile than GPDs or malignant EEG patterns.

Keywords: Post-anoxic status epilepticus, Neuroprognostication, Hypoxic–ischemic encephalopathy, Diffusion-weighted imaging (DWI),

Generalized periodic discharges (GPDs), Heart arrest
Specific EEG patterns are well established as markers of poor

prognosis.5,6 Postanoxic status epilepticus (SE) remains controver-
sial with regard to outcome and treatment intensity.7–9 Recent stud-
ies indicate that a subset of patients with post-cardiac arrest SE and 
no other unfavorable prognostic markers may achieve a favorable

Introduction 

International guidelines recommend a multimodal approach for neu-
rological prognostication after cardiac arrest.1–4 
functional outcome, although robust evidence on treatment efficacy

is lacking.10–12 

Conventional brain MRI assessment remains qualitative and 
operator-dependent; the added value of quantitative approaches is

still unsettled.13 Quantitative mapping of the apparent diffusion coef-
ficient (ADC) offers an objective, reproducible measure, potentially

limiting inter-observer variability.14–17 

We aimed to quantify the extent and regional distribution of MRI-

defined hypoxic-ischemic brain injury (HIBI) using ADC metrics in

patients resuscitated from cardiac arrest, comparing different EEG
re,

ns. 
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patterns, focusing on SE. We hypothesized that patients with SE 
would exhibit less extensive HIBI compared to patients with malig-

nant EEG features, such as a suppressed background or general-
ized periodic discharges (GPDs). A secondary aim was to combine

quantitative ADC data with EEG patterns and clinical predictors to

test a multimodal prognostic model for a favorable outcome.

Materials and methods

Study design 
This retrospective observational study included post-cardiac arrest 
patients from two centers, Boston (USA), Monza (Italy) participating 
in the NEXT-CAT multicenter collaboration, ancillary of the SUPER-
CAT study (NCT05756621). The NEXT-CAT cohort comprised con-
secutive comatose patients undergoing EEG and NSE testing, iden-

tified through prospective registries and administrative data queries.

The present study focused on the subset of patients who underwent

brain MRI between 2012 and 2025.

Ethics 
The study was approved by the local institutional review boards of 
the participating centers (MGB #2014P001623; SUPERCAT IRB: 
ID 4746_SA 26.O4.2024_M). In Boston, the requirement for 
informed consent was waived by the institutional review board. In

Monza, informed consent was obtained from surviving participants,

whereas consent was waived for deceased or unreachable

participants.

Eligibility criteria 
Adult cardiac arrest patients who were comatose (not awake and not

obeying commands)1 at 24 h, had at least one NSE measurement 
within 24–72 h, underwent continuous EEG monitoring within 72 h,

and received brain MRI within 10 days were included.

Study outcomes and sample size

The primary outcome was the distribution of whole-brain ADC values 
across EEG patterns. Secondary outcomes were regional ADC dis-
tributions across EEG patterns and performance of a multimodal

prognostic model for a favorable outcome.

We planned to compare ADC values, treated as continuous vari-
ables, across EEG patterns using the Kruskal–Wallis test. Assuming 
a medium effect size of 0.25 standard deviations, a total of 160

patients was needed to achieve 80% power at a significance level

of 0.05 to detect differences in ADC values across the EEG groups.

Data collection 
Clinical and demographic variables were extracted from medical 
records. Clinical outcomes were: recovery of consciousness at hos-
pital discharge, defined as following commands; functional status at 
3 months, assessed using the Cerebral Performance Category 
(CPC) scale (good outcome: CPC 1–2; poor outcome: CPC 3–5).

The highest NSE value within 24–72 h was recorded; blood samples

were screened for hemolysis according to each center’s laboratory

cut-offs.

EEG patterns 
All patients underwent continuous EEG monitoring. In Boston a stan-
dard 19-channel montage was used, while a reduced 8-channel

montage was adopted in Monza.8 For each patient, a predominant
EEG pattern was determined preferentially during normothermia 
and off sedation, considering the recordings from the first 5 days fol-
lowing cardiac arrest. Recordings under sedation or hypothermia

were used only when no other recordings were available.

A modified version, incorporating the Beretta8 and the Westhall 
classifications,6 was used for EEG categorization in four mutually

exclusive EEG patterns:

– GPDs, defined according to the American Clinical Neurophy siol-
ogy Society (ACNS) terminology18 as GPDs not fulfilling criteria 
for SE, irrespective of the presence of motor manifestations.

– SE, defined according to the Salzburg criteria,19 either convulsive 
or non-convulsive.

– Malignant, defined as suppressed or burst-suppressed back-
ground (<10 lV) or low-voltage background (10–20 lV), corre-
sponding to the Westhall “highly malignant” category, but in the

absence of GPDs or SE at any time point.

– Benign, defined as a residual category, by the absence of malig-

nant features, GPDs, or SE at any time point. This group may

include interictal epileptiform discharges in the context of contin-

uous background, but not SE, seizures or GPDs.

To avoid overlap between categories and to allow a separate 
identification of patients with SE in the absence of GPDs, a prede-

fined hierarchical approach was adopted, consistent with the

methodological framework previously implemented.8 In this scheme, 
GPDs were prioritized; if absent, SE was assigned, then malignant 
pattern; cases not meeting any prior category were classified as

benign (Supplementary Fig. 1A). Classification was based on the 
predominant EEG pattern across the available recordings.

Background continuity was dichotomized as continuous (includ-
ing nearly continuous) or non-continuous (from discontinuous to sup-

pressed) (Supplementary Fig. 1B). EEG patterns and background 
classification followed the standardized ACNS terminology18 and 
were assessed independently by local neurophysiologists.

Post-cardiac arrest management

Post-cardiac arrest patients were managed according to international 
guidelines for post-resuscitation care and neurological prognostica-
tion, which evolved over the study period.1,20–23 The management 
of epileptiform patterns, including SE, followed guideline recommen-

dations and local practice.1,8,23,24 Initial treatment generally included 
intravenous levetiracetam or sodium valproate, with addition of seda-
tive agents when indicated. For refractory SE, second-line anti-

seizure medications or anesthetic agents were used according to

local protocols.8 

MRI analysis 
T1-weighted images were segmented using FreeSurfer SynthSeg.25 

ADC maps were co-registered to T1-weighted images with FSL 
(Oxford Center for Functional MRI of the Brain) using nearest-

neighbor interpolation.26 Automated registrations were visually 
inspected for accuracy.

Mean ADC values were extracted from each anatomical region of 
interest (ROI) defined by SynthSeg, either directly or after combining

labels.27 To exclude artifacts and cerebrospinal fluid, only values 
between 200 and 2000 10 6 mm2/s were considered.17 Whole-

brain and supratentorial cortical ADC values were also extracted 
for subgroup comparisons. To corroborate the ROI-based analyses, 
a voxel-based lesion-symptom mapping analysis was performed

using FSL PALM (Permutation Analysis of Linear Models).28 T1-

weighted and ADC images were co-registered to MNI space with
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Freesurfer EasyReg.29 Design and contrast matrices were created to 
run two-sample permutation t-tests (2000 permutations), comparing 
EEG subgroups pairwise, with and without covariates (age, present-

ing pulseless rhythm), using threshold-free cluster enhancement

(TFCE).30 Because no universally accepted ADC threshold exists 
to define tissue infarction after cardiac arrest, ADC was analyzed

as a continuous variable, as previously reported.14,15,31 Each EEG 
subgroup was also compared with healthy controls available from

a previous study,31 to confirm inter-patte rn robustness.

Statistical analysis 
Variables were summarized using standard descriptive statistics and 
differences across EEG patterns were assessed using appropriate 
tests. Since ADC values were non-normally distributed, the

Kruskal-Wallis test with false discovery rate-adjusted pairwise analy-

ses was used.32 An aligned rank transform (ART) ANOVA evaluated 
the effects of background continuity in SE and GPD subgroups. 
Prognostic performance for coma recovery and 3-month outcome 
(CPC 1–2 vs 3–5) was assessed using two modeling strategies. A 
multivariable logistic regression with backward stepwise elimination 
(BIC criterion) and a penalized logistic regression using LASSO reg-
ularization, both incorporating clinical, EEG, serum NSE (log-

transformed) and a literature-based selection of quantitative ADC 
predictors. As a sensitivity analysis, targeted temperature manage-

ment (TTM) was added as an additional predictor in the penalized 
models, as a surrogate marker of post-resuscit ation care, and all

prognostic models were repeated after excluding patients who recov-

ered command-following within 72 h after cardiac arrest. Model dis-

crimination was assessed by receiver operating characteristic (ROC)

analysis, with area under the curve (AUC) and Brier score estimated

through nested 5 5 stratified cross-validation. To ensure robust-

ness, 1000-iteration bootstrap resampling was used to derive confi-

dence intervals, evaluate calibration (slope, intercept), and assess

variable stability based on LASSO selection frequency. Analyses

were conducted in R (version 4.5.0).

Data availability 
Access to anonymized data is available from the corresponding 
author upon reasonable request, contingent on approval by the local

institutional review boards.

Results 

Characteristics of the study population

Baseline characteristics are shown in Table 1.
Complete MRI data were available for 197 patients (142 from 

Boston and 55 from Monza). A total of 5 patients were excluded

due to major structural abnormalities, leaving 192 patients for the

final analysis (Supplementary Fig. 2). 49 healthy controls were 
included as reference.

Median age was similar across the EEG groups (p = 0.665), with 
a male predominance (66.7%). Shockable rhythms occurred in 
47.9% of patients, less frequently in the malignant group (25.0%; 
p = 0.007). NSE concentrations differed significantly across the four

EEG patterns, with higher median values in malignant (128.0 [78.0–

275.2] ng/mL) and GPD (84.0 [46.5–213.0] ng/mL) groups compared

with benign (28.0 [18.0–45.0] ng/mL) and SE (40.9 [21.0–49.9] ng/
mL) patients (p < 0.001). Moreover, a continuous background was 
observed more frequent ly in SE (73.1%) than in GPDs (39.1%;

p = 0.007).

In-hospital mortality was 59.9% (115/192). Most deaths (103/115, 
89.6%) occurred following withdrawal of life-sustaining therapy

(WLST) due to presumed poor neurological prognosis (Supplemen-

tary Table 1). Overall, 59 patients recovered consciousness by hos-
pital discharge, while 38 achieved a CPC of 1–2 at 3 months. 
Fourteen patients (7.3%) recovered command-following within 72 h 
after cardiac arrest; all belonged to the benign EEG group and most 
had favorable outcomes. Malignant and GPD patterns were invari-
ably associat ed with poor prognosis, while patients with SE had inter-

mediate outcomes compared with the benign pattern group, both for

coma recovery at discharge (31% versus 64.5%, respectively;

p < 0.001) and functional outcome at 3 months (22% versus 49%,

respectively; p < 0.001).

Quantitative ADC values according to the EEG patterns

In the overall cohort, the median whole-brain ADC was 
874 10 6 mm2 /s (IQR 802–930). Across the four EEG patterns, 
whole-brain and regional ADC values differed significa ntly (Krus-

kal–Wallis p < 0.001), with the lowest values in malignant and

GPD patterns and higher values in SE and benign groups (Table 2, 
Fig. 1).

Post-hoc analyses confirmed that SE differed markedly from 
malignant (893 [IQR 855–935] 10 6 mm2 /s versus 750 [IQR 
701–804] 10 6 mm2 /s, respectively; p < 0.001) and was not signif-
icantly different from benign (907 [IQR 873–951] 10 6 mm2 /s; 
p = 0.26). Whole-brain ADC values in SE were significantly higher

than in GPDs (838 [IQR 779–915] 10 6 mm2/s; p = 0.021). Similar

results were obtained for supratentorial cortical ADC values. Associ-

ations between EEG patterns and ADC values were consistent

across both centers.

In the subgroup of patients with SE and GPDs, a two-way ART-
ANOVA revealed significant main effects of both EEG category and 
background activity on whole-brain and cortical ADC values (whole-
brain: EEG category p = 0.023, background activity p = 0.044; corti-

cal ADC: EEG category p = 0.026, background activity p = 0.037),

with no significant interaction between factors (whole-brain

p = 0.367; cortical ADC p = 0.309) (Supplementary Fig. 3). However, 
in stratified Wilcoxon analyses, background continuity was not asso-
ciated with significant ADC differences within the SE subgroup 
(whole-brain p = 0.91; cortical ADC p = 0.91), while a non-
significant trend toward higher ADC values was observed among

GPD patients with a continuous background (whole brain

p = 0.142; cortical ADC p = 0.124; median 847.9 [817.7–930.0] vs

833.8 [720.7–899.9] 10 6 mm2/s).

Voxel-wise permutation testing with PALM corroborated the ROI-

based results. Malignant EEG patterns showed widespread clusters 
of significantly reduced ADC values compared with benign and SE 
groups, while GPDs displayed intermediate reductions (TFCE, 
FDR-cor rected p < 0.05). ADC values in SE did not significantly differ

from the benign EEG pattern. These findings remained consistent

after adjustment for age and presentation rhythm (Fig. 2). Compared 
with healthy controls, malignant and GPD patterns showed extensive 
cortical and subcortical ADC reductions (TFCE, FDR-corrected

p < 0.05), whereas SE and benign patterns did not (Supplementary 
Fig. 4).
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Table 1 – Baseline characteristics and main clinical outcomes of the study population.

All patients (N = 192) Benign (n = 76) Malignant (n = 44) GPDs (n = 46) SE (n = 26) p value 

Age, years 62.5 [52.5–71.2] 62.0 [50.5–75.0] 64.5 [55.0–73.0] 60.0 [50.2–67.8] 66.5 [54.8–70.0] 0.665 

Sex, male 128 (66.7%) 54 (71.1%) 32 (72.7%) 28 (60.9%) 14 (53.8%) 0.261 

Shockable presentation rhythm 92 (47.9%) 43 (56.6%) 11 (25.0%) 24 (52.2%) 14 (53.8%) 0.007 

OHCA 150 (78.1%) 51 (67.1%) 36 (81.8%) 41 (89.1%) 22 (84.6%) 0.022 

21.0 [11.0–30.0] 
(n = 133/192)

ROSC, min 20.0 [9.5–28.5] 24.5 [15.0–43.8] 21.5 [15.3–30.0] 23.0 [10.0–30.0] 0.236 

Targeted temperature management 132 (68.8%) 53 (69.7%) 24 (54.5%) 33 (71.7%) 22 (84.6%) 0.060 

Neuron-specific Enolase, ng/mL 49.4 [26.9–110.0] 28.0 [18.0–45.0] 128.0 [78.0–275.2] 84.0 [46.5–213.0] 40.9 [21.0–49.9] <0.001 

Continuous background activity* – – – 18 (39.1%) 19 (73.1%) 0.007 

Interval from cardiac arrest to MRI (days) 4.0 [3.0–6.0] 4.0 [3.0–7.0] 3.0 [2.0–4.0] 3.5 [2.0–4.0] 4.5 [3.0–7.8] <0.001 

In-hospital mortality 115 (59.9%) 20 (26.3%) 40 (90.9%) 42 (91.3%) 13 (50.0%) <0.001 

Coma recovery at discharge 59 (30.7%) 49 (64.5%) 1 (2.3%) 1 (2.2%) 8 (30.8%) <0.001 

Good functional outcome at 3 months (CPC 1–2) 38/179 (21.2%) 33 (49.3%) 0 (0%) 0 (0%) 5 (21.7%) <0.001 
Abbreviations: OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation; CPC, Cerebral Performance Category. 
Values are median [IQR] or n (%). P values were obtained using Kruskal–Wallis or Fisher’s exact tests, as appropriate.
* Data available only for patients with status epilepticus and GPD patterns.

Table 2 – Median ADC values across EEG categories for selected brain regions of interest (ROI).

All patients (N = 192) Benign (n = 76) SE (n = 26) GPDs (n = 46) Malignant (n = 44) p-value 

Whole brain 874 [802–930] 907 [873–951] 893 [855–935] 838 [779–915] 750 [701–804] <0.001 

Supratentorial cortex 946 [856–1024] 993 [943–1044] 974 [933–1025] 899 [834–1011] 788 [717–887] <0.001 

Basal ganglia 821 [764–867] 853 [825–884] 846 [812–875] 812 [774–854] 755 [723–792] <0.001 

Thalamus 863 [824–906] 871 [840–902] 863 [833–891] 824 [782–868] 762 [730–806] <0.001 

Postcentral gyrus 983 [857–1065] 1040 [981–1098] 1010 [957–1070] 924 [810–1077] 817 [669–937] <0.001 

Occipital cortex 927 [768–1039] 1004 [927–1082] 985 [893–1051] 847 [703–969] 723 [653–807] <0.001 
Values are expressed as median (interquartile range); ADC values are reported in 10 6 mm2 /s; regions of interest (ROIs) refer to bilateral structures; p-values

refer to overall group differences assessed by the Kruskal–Wallis test.
Predictive models 
In backward stepwise logistic regression, independent predictors of 
coma recovery included age, presentation rhythm, serum NSE levels 
(lower values being associated with better outcomes), EEG pattern 
and background (with GPDs and malignant features negatively asso-
ciated), regional ADC, particularly in the occipital cortex and basal

ganglia. The model achieved a cross-validated AUC of 0.86 (95%

CI 0.73–0.94), sensitivity 0.92, and specificity 0.79, with modest cal-

ibration (slope 0.56; intercept 0.12) (Fig. 3, Supplementary 
Table 2).

Penalized logistic regression with LASSO regularization yielded 
comparable results (AUC 0.88, 95% CI 0.79–0.93; sensitivity 0.92, 
specific ity 0.82), selecting the same stable predictors and showing

better calibration (slope 0.84; intercept near zero).
When applied to 3-month functional outcome (CPC 1–2 vs 3–5, 
n = 179), both models maintained similar discrimination and calibra-

tion (Table 3), confirming the robustness of prognostic determinants

over time.

Including TTM or excluding patients who recovered command-

following within 72 h did not materia lly change model performance

or the most stable predictors for either outcome.
Discussion 

This study demonstrates that post-anoxic SE exhibits a less exten-
sive quantitative MRI-defined HIBI than malignant features such as

move_f0015
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Fig. 1 – Mean apparent diffusion coefficient (ADC) maps across EEG categories. 
Panels illustrate mean ADC maps for patients grouped according to the EEG pattern, co-registered to the MNI152 T1 template. Panels 
represent benign group (A), status epilepticus (B), GPDs (C) and malignant EEG pattern (D). Darker areas indicate lower ADC values, as

shown by the color bar on the right.
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Fig. 2 – PALM analysis of ADC differences between status epilepticus and other EEG categories. 
Permutation Analysis of Linear Models (PALM) showing voxel-wise differences in ADC values between status epilepticus and the other EEG 
patterns: benign (panel A), GPDs (panel B), and malignant (panel C), corrected for confounders. Clusters with significant FDR-corrected

differences (p < 0.05) are overlaid on the MNI152 T1 template.
GPDs and closely resembles the degree and distribu tion seen in

benign EEG patterns.

These findings may reflect underlying pathophysiology. In the 
context of HIBI, more severe and diffuse damage may limit the gen-

eration of sustained epileptiform activity, whereas SE may indicate

partially preserved cortical function.33 In contrast, GPDs could be 
associated with more severe cortical injury.31,33–35 

In our cohort, ADC values in SE did not differ significantly from 
benign patterns or in healthy controls; therefore, SE may still be com-

patible with a favorable outcome in the early post-arrest phase.10,11 

Loss of background continuity is generally considered a marker of
poor neurological prognosis after cardiac arrest.36,37 In our cohort, 
however, no clear relationship between absent background continu-
ity and HIBI severity was observed among SE patients. Our findings 
sugges t that SE may be considered a prognostic category of its own,

independent of background continuity. This conclusion, however,
reflects the eligibility criteria of our study, which excluded two severe 
epileptiform conditions from the SE group: patients who progressed

to GPDs with suppressed background (classified as “GPDs” in our

study)38 ; and patients with clinical myoclonus but burst suppression 
with highly epileptiform bursts (classified as “malignant”).6,39 Despite 
these limitations, the pragmatic classification used here remains clin-
ically useful and may help design future studies on postanoxic SE.

Within the GPD cohort, the wide range of ADC values indicates 
substantial heterogeneity in HIBI. Stratification by background conti-
nuity showed a nonsignificant trend toward higher ADC values in

patients with continuous background may suggest a distinct, poten-

tially less severe phenotype, likely reflecting triphasic waves of meta-

bolic encephalopathy.40,41 These findings suggest that GPDs 
encompass a spectrum of conditions not fully captured by back-

ground continuity alone, warranting caution in early prognostic

interpretation.
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Fig. 3 – Performance of stepwise and LASSO regression models for coma recovery prediction. 
(A) Out-of-bag receiver operating characteristic (ROC) curves comparing discrimination performance of the stepwise (blue) and LASSO (red) 
logistic regression models. (B) Calibration plots showing the agreement between predicted and observed probabilities for both models, after

bootstrap correction. The dashed line indicates perfect calibration. (For interpretation of the references to color in this figure legend, the reader

is referred to the web version of this article.)

Table 3 – Comparison of performance metrics between stepwise and LASSO logistic regression models for good
outcome prediction.

Coma recovery CPC 1–2 at 3 months

Metric Stepwise regression LASSO regression Stepwise regression LASSO regression 

AUC 0.86 0.88 0.86 0.90 

Brier score 0.144 (95% CI 0.096–0.238) 0.138 (95% CI 0.103–0.223) 0.134 (95% CI 0.092–0.166) 0.116 (95% CI 0.067–0.153)

Calibration slope 0.56 (95% CI 0.14–1.43) 0.84 (95% CI 0.30–1.40) 0.39 (95% CI 0.21–0.84) 0.78 (95% CI 0.43–1.46)

Calibration 
intercept 

0.12 (95% CI 0.64 to 0.18) 0.04 (95% CI 0.50 to 0.47) 0.21 (95% CI 0.60 to 0.39) 0.13 (95% CI 0.68 to 0.43)

Sensitivity 
(Youden pooled)

0.92 0.92 0.96 0.99 

Specificity 
(Youden pooled)

0.79 0.82 0.69 0.62 

AUC values were estimated from nested cross-validation, whereas calibration slope and intercept were derived from bootstrap resampling.
The predictive models for good outcome retained validated
biomarkers such as NSE42–44 and confirmed the prognostic value 
of age and initial rhythm.45,46 Background continuity remained a 
key determinant of outcome.37 Malignant EEG features and GPDs 
were associated with poor prognosis, whereas SE showed a weaker 
association, supporting our EEG classification. These results align 
with a post-hoc analysis of the TELSTAR trial, which suggested

potential benefit of aggressive SE treatment but no benefit in

GPDs.12 However, this finding should be interpreted in the context 
of a high proportion of deaths following WLST for presumed poor 
neurologi cal prognosis, particularly in patients with malignant EEG

patterns and GPDs, which may introduce a self-fulfilling prophecy
bias.47 Inter-center variability in CPC assessment should also be

considered.

When regional mean ADC values were included in the models, 
only a limited number of regions remained significant, primarily within 
the occipital cortex. Higher ADC values in this area were associated 
with better outcome. As a metabolically active and hypoxia-sensitive

cortical region, relative preservation of the occipital cortex likely indi-

cates less severe global injury and a more favorable prognosis.31,48 

The basal ganglia, another region frequently affected in HIBI, 
were only weakly retained in our models, suggesting limited prognos-
tic value compared with cortical structures. Although ADC values in

the postcentral gyrus have previously been associated with favorable
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outcome,14 our models did not highlight this region, possibly reflect-
ing difference s in cohort size or population characteristics.

Limitations 
Although our predictive model supported the robustness of the pro-
posed EEG classification, we recognize that our approach differs

from the categorization most commonly adopted in prior studies,6 

with a limited risk of misclassification due to very early transient 
EEG patterns. Our decision to analyze SE separately from malignant 
patterns, including GPDs, was motivated by emerging evidence that,

particularly in the absence of additional unfavorable indicators, SE

may still be compatible with meaningful recovery.8,10,11 Accordingly, 
a good 3-month functional outcome was observed in >20% of
patients with SE, consistent with recent data.11 

MRI timing differed among EEG categories, with earlier imaging 
in GPD and malignant. However, the median delay across all sub-

groups remained within the optimal sensitivity window for DWI detec-

tion of HIBI.3,16 Earlier MRI in malignant patients likely reflects the 
clinical need for faster neuroprognostication in those with multiple

unfavorable predictors.

EEG acquisition differed between centers; one site used a 
reduced 8-channel montage, limiting spatial resolution but unlikely

to affect classification of generalized patterns.49 

The long inclusion period spans changes in post–cardiac arrest 
care, including treatment of epileptiform patterns, and neuroprognos-
tication, which may have influenced early neurological assessment. 
MRI availability may have affected patient selection. In addition,

inclusion required multimodal testing, possibly introducing selection

bias by excluding patients with early recovery or very poor prognosis.

Quantitative ADC analysis reduces operator-dependent interpre-
tation but may be affected by artefactual distortions that could bias
results. Its superiority over conventional qualitative assessment

remains uncertain13 and proposed prognostic ADC cut-offs often 
come from small, single-center studies with limited validation. Scan-
ner heterogeneity across sites may also have influenced image pro-

cessing and results, though prior studies have not confirmed this.31 

Larger studies are needed to confirm these findings.
Conclusions 

Our study indicates that patients with postanoxic SE exhibit a more 
favorable HIBI profile, in terms of ADC values, than those presenting 
malignant EEG features or GPDs. These findings suggest that SE
may be associated with distinct prognostic implications and underline

the need for further studies to clarify its prognostic value and the opti-

mal treatment strategies.
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