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Abstract

Graphical abstract
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Clinical seizures at presentation and seizures subsequently detected on continuous
electroencephalography (CEEG) describe different stages of an ICU patient's course. We examined
whether recorded clinical seizure presentation was associated with mortality within 60 days of admission
among adults selected for CEEG in Jeddah, Saudi Arabia. Public patient-level data from King Abdulaziz
University Hospital during September 2016—August 2017 were reanalysed under a frozen plan. Age- and
sex-adjusted logistic predictions were standardized over eligible adults. Among 192 eligible adult
monitoring records, 114 had recorded clinical seizure presentation and 78 did not; 62 deaths were
recorded. Unique-person and episode independence could not be verified from the supplied identifiers.
Standardized mortality was 29.7% with and 35.9% without presentation, a difference of -6.23 percentage
points (95% confidence interval, -19.75 to 7.30; p=0.367). A prespecified Firth model retaining all nominal
diagnosis codes estimated a difference of -4.11 percentage points (bootstrap interval, -19.42 to 10.19).
Diagnosis labels and totals did not fully reconcile with the source publication. These imprecise estimates do
not establish a protective or harmful effect of clinical seizure presentation. Selection for monitoring,
unmeasured illness severity, incomplete timing, and unresolved source coding limit interpretation. The
study supplies a reproducible local reanalysis and a specification for better prospective data capture; it
does not estimate the effectiveness of CEEG or antiseizure treatment.

Keywords: Saudi Arabia; neurocritical care; clinical seizures; continuous electroencephalography; mortality; retrospective cohort;
marginal standardization.

1. Introduction

Clinical seizures are an important reason for neurological evaluation during critical illness, but a seizure
observed at presentation and a nonconvulsive seizure detected later by EEG are not the same exposure.
Their timing, ascertainment, and clinical context differ. A public dataset from a Saudi ICU records both
clinical seizure presentation and findings obtained during continuous electroencephalography (CEEG) [1].
The original study emphasized monitoring yield and associations of electrographic patterns with outcomes.
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The present analysis examines the earlier recorded clinical presentation, while retaining the limitations
imposed by studying only patients who were subsequently selected for monitoring.

Consensus recommendations describe CEEG as a method for identifying nonconvulsive seizures,
characterizing paroxysmal events, and assessing selected critically ill patients with altered consciousness
[2,4]. Its successful implementation also depends on personnel, equipment, interpretation, and operational
procedures [3]. These considerations influence which patients enter an EEG cohort and when monitoring
begins. Consequently, a monitored population is not a random sample of all ICU admissions. The reasons
for referral may differ between patients with overt clinical seizures and those whose main problem is
persistent unexplained encephalopathy. A comparison between those groups must account for this
selection context before it is interpreted prognostically.

Earlier work on seizure detection identified clinical events before monitoring among characteristics
associated with electrographic seizures [5]. Other investigators have described the acute outcomes of
patients presenting with seizures and directly admitted from emergency care to an ICU [6]. These
questions are adjacent to, but distinct from, asking whether recorded seizure presentation separates
mortality risks in a cohort already referred for CEEG. An older monitored-seizure cohort also examined
seizure duration and diagnostic delay in relation to mortality, illustrating that a binary presentation indicator
omits clinically relevant dimensions [7]. None of these different exposures can be substituted for another
without changing the question.

The distinction between prognostic association and monitoring effectiveness is particularly important. The
CERTA randomized trial compared continuous with repeated routine EEG among critically ill adults with
impaired consciousness and no recent seizure [8]. Subsequent analyses examined electrographic
prognostic features and the post-cardiac-arrest subgroup [9,10]. These studies address monitoring strategy
or EEG characteristics under defined conditions. Our observational dataset has no unmonitored
comparator and no randomized treatment allocation. It cannot estimate the effect of introducing a CEEG
service, extending monitoring, or treating a detected pattern. A mortality contrast between presentation
groups should therefore not be presented as evidence for or against those interventions.

Outcome studies in patients with persistent unresponsiveness after sedation interruption, septic
encephalopathy, and nonhypoxic encephalopathy further show that the clinical setting in which EEG is
obtained matters [11-13]. Their populations, measures, and follow-up origins differ. Saudi observational
evidence from another hospital has also described clinical correlates of EEG patterns [14], but it does not
validate every exposure or outcome code in the present source. Locally relevant research benefits from
acknowledging this heterogeneity rather than treating all EEG cohorts as measurements of a single
universal relationship.

Our objective was to estimate the age- and sex-adjusted difference in recorded mortality within 60 days of
admission between adults with and without clinical seizure presentation in the open Jeddah cohort. We
chose standardized absolute risks to make the comparison interpretable within the observed adult case
mix. Prespecified analyses assessed age functional form, inclusion of the source's younger records, limited
and full recorded-diagnosis adjustment, and propensity overlap weighting. A parallel source audit examined
whether the public data reproduced the publication's marginal totals. This combination allows the statistical
estimate and the underlying data uncertainty to be assessed together, without claiming a newly recruited
Saudi cohort or a validated clinical prediction tool.
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2. Materials and Methods

2.1. Design, setting, and data provenance

This was a retrospective secondary analysis of the public dataset associated with Tayeb's report of CEEG
at King Abdulaziz University Hospital, Jeddah [1]. The source covers September 2016 through August
2017 in an adult ICU with medical and surgical divisions. It describes clinician-directed monitoring for
patients with altered consciousness and related concerns. Records continuing over several days, or
occurring within 60 days of one another, were considered a single recording for the original study. The
public file does not contain a patient linkage identifier, so the original deduplication procedure cannot be
independently reconstructed.

The original SPSS file was retrieved from the Open Science Framework project linked by the source
publication. Its public license is CCO; the article is licensed under Creative Commons Attribution. We
retained the unmodified SPSS file, project and license metadata, numeric CSV transcription, value labels,
source article text, and cryptographic fingerprints. No simulated observations or research-engine fixture
records were used. A repeated SPSS-to-CSV conversion with value formatting disabled reproduced the
numeric CSV byte for byte. This check establishes transcription consistency, not the correctness of the
clinical labels or the original extraction from medical records.

The source reports institutional review board approval and waiver of additional consent for its retrospective
anonymized study [1]. We attribute those statements to that study. The present secondary analysis was
exempt from ethical review because the data are publicly available and de-identified. Reporting follows
STROBE cohort items and applicable RECORD principles concerning source definition, selection, coding,
and transparency [15,16]. No linkage, re-identification, participant contact, or access to private hospital
records was undertaken.

2.2. Plan freeze and eligibility

The statistical plan was timestamped and hashed before cross-tabulation or modeling of the presentation—
mortality relationship. Feasibility work had already established the variable names, marginal counts,
missingness, younger ages, and diagnosis-label problems. Published mortality and EEG totals were also
known. The freeze therefore documents the order of analytic decisions, not prospective registration or
complete blinding to the source. The primary model and all reported sensitivities were specified at that
point, and no new subgroup or outcome was selected after model results became available.

The primary cohort included records with age at least 18 years and valid codes for sex, clinical seizure
presentation, and mortality. Records with missing or invalid required values would have been excluded
explicitly. The original report referred to an adult ICU but did not provide a clear age-based entry threshold;
an all-source-age sensitivity was therefore specified to show the effect of our adult research definition.
Diagnosis coding did not determine eligibility. Unlabeled diagnosis categories remained in the cohort,
avoiding an additional selection rule based on incomplete metadata.

The public data represent the source's monitoring records rather than a separately verified population of
unique first-ever hospital admissions. We use the terms record or admission episode when discussing
analysis units. Their independence is inherited from the source's consolidation rule. Repeat admissions
outside that rule cannot be assessed because the dataset lacks identifiers and dates. This limitation is
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relevant to variance estimation and to the interpretation of the cohort size; numerical rows should not be
equated automatically with independently verified individuals.

2.3. Exposure, outcome, and temporal interpretation

The exposure was the source variable SeizurePresentation, coded one for yes and two for no. The article
describes clinical seizures on presentation and before CEEG monitoring [1]. We used that recorded binary
classification without inferring seizure type, duration, status epilepticus, treatment response, or underlying
cause. The file does not contain the clinical description needed to validate individual events or distinguish
all epileptic events from other paroxysmal phenomena. It also does not specify exactly how much time
elapsed between presentation, ICU admission, the monitoring request, and CEEG initiation.

The endpoint was the source mortality code indicating death within 60 days after admission, compared with
the code indicating alive. We did not create event dates from the hospital-stay categories. The file contains
neither individual time to death nor a detailed follow-up or censoring history. Accordingly, the analysis
concerns recorded fixed-horizon mortality status. It does not estimate a death hazard, a Kaplan—Meier
survival curve, or a competing-risk cumulative incidence function. The completeness and method of
postdischarge vital-status ascertainment cannot be independently established from the public file.

Admission is the source's reference point for the mortality horizon, whereas selection into this dataset
depends on later CEEG. An episode must therefore reach the monitoring process to be represented. This
may select patients according to survival, severity, clinical suspicion, and service availability. Although the
recorded presentation precedes EEG ascertainment, that sequence alone does not remove selection bias.
We interpret the result conditionally among records selected for CEEG and do not describe it as the effect
of having a seizure on mortality among all ICU admissions.

2.4. Primary model and absolute-risk estimand

The primary logistic regression included an intercept, clinical seizure presentation, age per decade
centered at 60 years, and recorded male sex. The outcome was recorded death within the source horizon.
These variables were complete and clearly coded, but they form a limited adjustment set. In particular, the
model does not claim to control illness severity or all diagnostic differences. The primary result was
selected as a transparent descriptive adjusted association rather than a sufficient causal model.

We generated two model predictions for each adult record, retaining age and sex and assigning each
presentation label in turn. Averaging each set over the adult cohort gave standardized mortality
probabilities, and their difference compared clinical presentation with no presentation. Marginal
standardization targets the empirical covariate distribution and differs from evaluating a single patient with
mean or modal characteristics [17]. Setting a label in this calculation is a statistical device for describing an
adjusted association; it is not a feasible intervention or a claim that all other aspects of a patient's course
could remain unchanged if the presenting event differed.

The primary uncertainty interval used the delta method and an individual-score sandwich covariance from
the logistic fit, conditional on the observed standardization covariates. A two-sided Wald p value was
retained, but interpretation emphasizes effect size and precision. Crude mortality proportions were
accompanied by Wilson intervals. We did not test baseline differences to decide which covariates to
include. The exploratory nature of the secondary analysis was retained regardless of whether any p value
crossed a conventional threshold.
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2.5. Diagnosis audit and sensitivity models

The SPSS labels named epilepsy, metabolic or infectious disease, cerebrovascular disease, central
nervous system infection, brain tumor, traumatic brain injury, and post-arrest status. Two observed codes
had no value labels. Moreover, the labeled category counts did not fully reproduce the diagnostic totals
reported in the article. We retained the numeric codes and explicitly reported their unknown meanings. No
code was reassigned from its frequencyi, its relation to mortality, or an attempt to make published totals
match. The source-audit table distinguishes verified agreement from unresolved discrepancies.

The plan specified an age-quadratic model, the all-source-age model, and addition of an indicator for the
code labeled epilepsy. The latter is deliberately coarse and does not imply that all remaining diagnoses are
clinically similar. We also fitted a model with all observed diagnosis codes as nominal categories. Because
some categories were small, this sensitivity used Firth penalized logistic regression, which can reduce
small-sample coefficient bias and address separation [18]. The penalty does not resolve label uncertainty,
improve the original clinical diagnosis, or create within-category exposure overlap where it is absent.

For the full diagnosis model, we maximized the binomial log likelihood plus one-half of the log determinant
of its information matrix. Standardized risks used the adult cohort's observed diagnosis distribution.
Percentile intervals came from 500 successful nonparametric bootstrap samples, with the model re-
estimated in each sample. Empty diagnosis dummy columns were omitted within a resample; no new
clinical grouping was introduced. This sensitivity uses a different estimator and uncertainty calculation from
the primary model and is interpreted accordingly, rather than treated as a mechanically superior version of
the same analysis.

2.6. Propensity overlap and variables deliberately excluded

A propensity model estimated the probability of clinical seizure presentation from age and sex. Overlap
weights were one minus that probability for records with presentation and the probability for records without
it [21]. We estimated weighted mortality probabilities, their difference, effective sample sizes, and
standardized differences in the modeled covariates. A separate bootstrap used 500 successful resamples
and a fixed recorded random seed. The overlap target emphasizes records with comparable age and sex; it
does not standardize over exactly the same population as the primary analysis.

The source's NCS, rhythmic or periodic patterns, monitoring duration, and hospital-stay categories were not
primary adjustment variables. They occur or are ascertained after the presenting clinical state and may
reflect both disease evolution and clinical decisions. Adjusting for them without a clear causal and temporal
model could change the estimand or introduce bias. Conditioning on consequences of exposure and
prognosis can itself induce an association [19]. The present data do not supply enough timing or treatment
detail to distinguish mediators, confounders, and selection variables for those later measurements.

We did not impute any diagnosis label or clinical event. The missing hospital-stay values were not needed
for the mortality endpoint. Complete coding of primary fields does not mean absence of measurement
error, and missingness in a field unused by the model should not be confused with complete clinical
information. Guidance on incomplete observational data emphasizes that handling missing values depends
on the target and assumed mechanism [20]. Here, inventing labels or follow-up times would create
information rather than recover it; the appropriate response was to preserve the uncertainty.
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2.7. Source reconciliation and computational verification

The source audit compared the public record count, sex, presentation, NCS, rhythmic or periodic pattern,
mortality, and diagnosis totals with the publication. Agreement of major totals was treated as evidence of
correct file identification, not proof that every row was clinically accurate. Disagreement was retained in the
results and release record. Published outcomes related to NCS were inspected as a source-reconciliation
check, not promoted as another independent study or an additional primary discovery from the same
dataset.

Numerical analysis used explicit Python likelihood and standardization code with NumPy, pandas, and
SciPy. A separate implementation parsed the numeric CSV with the standard-library CSV reader, rebuilt
the adult design matrix, and fitted ordinary logistic regression with Newton updates. It recomputed the
primary standardized risks, risk difference, and sandwich uncertainty without importing the analyst's model
functions. A numerical-gradient optimization of the penalized likelihood independently checked the Firth
coefficients. Raw files, source metadata, model code, verification scripts, bootstrap records, and a
machine-readable results lock accompany the manuscript.

The verification tolerance was exact agreement for counts, a small specified tolerance for coefficients, and
a tighter tolerance for standardized risks and their difference. Model rank and final score magnitude were
inspected. The bootstrap receipt records unsuccessful fits if any occurred; no resamples were omitted
because their estimates were inconvenient. These checks address computational implementation. They do
not certify source clinical coding, patient independence, institutional permission, causal identification, or the
clinical usefulness of the resulting contrast.

3. Results

3.1. Source audit and cohort construction

The public file contained 202 records. The main published totals for clinical seizure presentation, NCS,
rhythmic or periodic patterns, mortality, and female sex were reproduced. Diagnosis reconciliation was
incomplete: the code labeled epilepsy contained 50 records, and the cerebrovascular code contained 53
records, while the article reported different corresponding totals. Codes with no source labels accounted for
11 records (Table 3). These observations were preserved without relabeling or excluding the affected
records.

Applying the prespecified age threshold excluded 10 records and yielded 192 adults (Figure 1). Required
presentation, sex, age, and mortality fields were complete under their valid-code definitions. Of the eligible
adults, 114 had clinical seizure presentation and 78 did not. A total of 62 deaths was recorded. The
younger source records were included only in the planned all-age sensitivity; their presence does not imply
that the original ICU's admission policy was incorrectly implemented, because its research age threshold
was not explicitly supplied.

3.2. Case mix and crude mortality

The mean age was 52.2 years among records with clinical seizure presentation and 58.7 years among
those without it. Recorded sex and diagnosis distributions also differed (Table 1; Figure 3). One small
unlabeled diagnosis category contained only records with presentation, leaving no observed comparison
within that category. The full diagnosis sensitivity therefore necessarily relies on model structure for part of
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its standardized contrast. Retaining that category is more transparent than inventing its clinical meaning,
but it does not solve the limited support problem.

There were 32 recorded deaths among the 114 presentation records and 30 among the 78 records without
presentation. Crude mortality proportions were 28.1% and 38.5%, respectively; the crude difference was
-10.39 percentage points. These proportions describe the selected monitoring cohort. They do not measure
seizure-attributable mortality or the probability of death among all patients admitted to the hospital with a
clinical seizure.

3.3. Standardized primary result

The age- and sex-adjusted model converged with a full-rank design matrix. Standardized mortality was
29.7% under the clinical-presentation label and 35.9% under the no-presentation label. The adjusted risk
difference was -6.23 percentage points (95% confidence interval, -19.75 to 7.30; p=0.367). The central
estimate was lower in the presentation group, but the interval included substantial reductions and increases
in mortality. It does not demonstrate that clinical seizures are protective, that presentation carries no
prognostic information, or that the two groups have equivalent outcomes.

Adjustment reduced the magnitude of the crude difference, consistent with measured age and sex
differences contributing to the unadjusted comparison. Because both standardized predictions were
averaged over the same adult covariate distribution, the result is not a comparison of two different average
patients. However, the standardization does not address unmeasured severity, medication exposure,
functional status, or detailed etiology. Those omissions remain material even when the model converges
and numerical verification succeeds.

3.4. Prespecified sensitivity analyses

Adding age curvature, including all source ages, or adding the recorded epilepsy indicator yielded similarly
imprecise contrasts (Table 2). The full diagnosis Firth model estimated a standardized difference of -4.11
percentage points, with a bootstrap interval from -19.42 to 10.19. All 500 planned bootstrap estimates were
successfully obtained. This estimate was closer to the null than the primary estimate, but its interval
remained broad. The sensitivity supports uncertainty about the association; it does not provide evidence
that the coding discrepancy is harmless.

The overlap-weighted difference was -6.38 percentage points (bootstrap interval, -19.87 to 9.22), based on
500 successful resamples. Estimated presentation propensities ranged from 0.399 to 0.765. Effective
sample sizes were 106.8 for the presentation group and 75.7 for the no-presentation group. Absolute
standardized differences for age and male sex decreased from 0.332 and 0.322 to numerical near-zero
after weighting. The expected balance of modeled covariates does not imply balance of diagnoses or
illness severity, which were not in this propensity model.

Figure 2 displays the complete set of planned absolute contrasts. None supplies a precise separation of
mortality between the recorded presentation groups. The results were not used to create post hoc age
thresholds, diagnostic subgroups, or alternative primary endpoints. The computational verification
reproduced primary counts and standardized estimates and agreed with the independently optimized Firth
coefficients within tolerance. Numerical reproducibility does not resolve the source-label and clinical-
interpretation limitations.
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4. Discussion

4.1. Meaning of the main estimate

In this Saudi cohort selected for CEEG, adults with recorded clinical seizure presentation had a lower
central estimate of mortality than those without it after age and sex adjustment. The confidence interval
included effects in both directions; the estimate therefore does not establish a protective or harmful
association. Full recorded-diagnosis adjustment using a penalized model did not change that overall
conclusion. The proper interpretation is therefore an uncertain adjusted comparison within a selected
historical cohort, not a reassurance that clinical seizure presentation is benign and not an argument that
visible seizures improve survival.

This distinction matters clinically because an overt seizure can prompt rapid recognition, consultation, and
monitoring, while a patient without an overt event may be referred because of severe or persistent
unexplained unconsciousness. These are plausible pathways through which referral could shape the
observed comparison; they were not measured sufficiently to test in this dataset. The negative central risk
difference could reflect such selection, the distribution of underlying diseases, treatment decisions,
measurement error, or chance. The data cannot apportion the observed difference among those
explanations.

The interval is also important in its own right. Failure to obtain a narrow interval excluding no difference
does not establish equivalence or absence of prognostic information. The sample supports a range of
associations that would have different clinical implications. Reporting only the p value would hide that
uncertainty, while emphasizing the negative point estimate without its interval would invite an unjustified
protective interpretation. The absolute-risk presentation is intended to make both the scale and uncertainty
visible.

4.2. Clinical presentation is distinct from electrographic exposure

The original source examined NCS and rhythmic or periodic patterns observed during monitoring [1]. Our
exposure was the recorded clinical event before monitoring. A patient may have a witnessed clinical
seizure and no subsequently detected NCS, or have NCS despite no documented clinical seizure at
presentation. Detection also depends on the interval sampled and the course of treatment. Evidence that
prior clinical events are associated with electrographic seizure detection [5] does not imply that either
exposure has the same relationship with mortality.

The cohort of patients initially presenting with seizures and admitted directly to ICU described by Tobochnik
and colleagues addresses another selected pathway [6]. Such a study can clarify outcomes within seizure-
presenting patients but does not provide a no-presentation comparator identical to ours. Similarly, the
earlier work on NCS duration and diagnostic delay evaluated features within a monitored seizure
population [7]. These differences illustrate why clinical interpretation should follow the exposure definition,
entry criteria, and time origin rather than the common word “seizure” in each study title.

Our dataset cannot identify whether a presenting event was isolated, prolonged, recurrent, or accompanied
by a specific acute brain lesion. It also lacks consistent measures of consciousness, antiseizure medication
timing, sedative dosing, and treatment limitation. Each of these may help distinguish seizure severity from
the severity of the illness producing it. A binary source field is useful for an auditable descriptive
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comparison, but it is an incomplete representation of the clinical problem and should not be elevated into a
standalone prognostic instrument.

4.3. Monitoring strategy and outcome prediction are separate questions

Consensus statements support defined roles for EEG assessment and describe the requirements for
reliable monitoring [2—4]. They do not imply that every mortality association in a monitored cohort estimates
the benefit of that monitoring. The CERTA trial explicitly assigned monitoring strategies in a population
without recent seizures [8]. Its analyses of EEG features and post-arrest patients address further, distinct
questions [9,10]. None of these designs is recreated by comparing the two presentation codes in the
present file.

The same distinction applies to studies of EEG in unresponsive ventilated patients, sepsis, and nonhypoxic
encephalopathy [11-13]. Background reactivity, level of consciousness, underlying brain injury, and timing
relative to sedation can be central to their interpretation. The public Jeddah dataset has limited information
on those features. We cannot use the present result to infer that a patient without a clinical seizure needs
less monitoring, or that one with a seizure needs a particular monitoring duration. Such decisions require
information and evidence beyond this analysis.

Nor does the analysis compare antiseizure treatment strategies. Treatment is not assigned or
characterized in sufficient detail, and the presenting event may influence subsequent therapy. A putative
treatment effect cannot be recovered simply by adding post-presentation EEG findings to a mortality
regression. Without an adequately specified temporal model, that adjustment could obscure the pathway of
interest or condition on a common consequence of disease and management [19]. We therefore kept those
later variables out of the primary model rather than treating every available field as a confounder.

4.4. What the sensitivity analyses add

The age-quadratic and all-age analyses show that the central result was not substantially altered by those
particular specification choices. The epilepsy-indicator analysis introduces one clearly labeled but coarse
diagnostic distinction. It cannot separate all etiologies or establish that the epilepsy code itself is fully
accurate. These analyses are useful checks of measured features, but their agreement does not provide
independent replication because they share the same source records, measurement procedures, and
unobserved clinical information.

The full nominal diagnosis model retains more of the recorded case mix at the cost of additional
parameters and dependence on uncertain coding. Firth estimation was selected to address small-cell
estimation behavior [18]; it does not repair misclassification or remove unmeasured confounding. Because
one small code had only presentation records, some standardized predictions extrapolate across a cell
without observed within-code comparison. Penalization yields finite estimates in such settings, but finite
coefficients should not be mistaken for strong empirical support for every counterfactual label assignment.

Overlap weighting targets a related age- and sex-comparable population [21]. Its near-exact mean balance
is a mathematical property of the included covariates and fitted weights, not a comprehensive certificate of
comparability. Diagnosis and severity may remain imbalanced. The agreement between overlap and
regression estimates therefore suggests stability across two approaches to those limited measured
covariates, while leaving the substantive confounding problem largely intact. This is why the overlap
analysis remains a sensitivity rather than a replacement for the stated primary result.

MHJ - MHJ-2026-000347 10/18



4.5. Source quality, observation time, and selection

The data audit identified both reassuring agreement and important unresolved uncertainty. Major source
totals reproduced, and the CSV was independently regenerated from the raw SPSS file. These checks
support the identity and faithful transcription of the public dataset. However, diagnosis totals and labels did
not fully reconcile with the publication. It would have been possible to merge or relabel codes to produce a
more familiar clinical table, but that would add assumptions unsupported by the source. We instead
retained the unknown categories and avoided disease-specific claims.

The age restriction also changes the target population. The original setting is described as an adult ICU,
while the public file contains younger ages. This may reflect the institution's admission convention rather
than an extraction error. Our primary research definition explicitly uses age at least 18, and the source-age
sensitivity retains the original records. Distinguishing a unit's name from a stated research eligibility rule
prevents an unnecessary assertion that the source is wrong solely because its youngest patient is below an
externally selected age threshold.

The temporal limitations are more fundamental. Mortality is indexed to admission, but monitoring takes
place later and may be delayed by clinical or practical factors described in the source [1]. No exact
monitoring or event times permit delayed-entry analysis, landmark construction, or assessment of individual
risk time. Hospital-stay categories cannot supply those missing dates. A survival analysis with artificial
times would create unjustified precision. The fixed-endpoint analysis is the most direct use of the recorded
outcome, but its validity still depends on adequate ascertainment of vital status and on recognizing
selection into the monitored cohort.

The data also lack identifiers needed to verify that source-defined recording episodes correspond to
independent patients. The source consolidated closely spaced recordings, but episodes farther apart might
not be distinguishable in the public file. Our sandwich and bootstrap calculations treat rows as independent
units. If repeated individuals remain, their dependence could affect uncertainty. No cluster correction can
be justified without a reliable cluster key. This is a limitation to be documented, not a reason to fabricate
identifiers or assume a deduplication procedure beyond the source description.

4.6. Implications for Saudi research and service evaluation

The setting makes the study geographically relevant to Saudi neurocritical-care research, but it does not
provide a national estimate. It reflects one historical monitoring program and only records selected for that
program. The separate Saudi report on clinical EEG correlates demonstrates that local observational data
exist in another setting [14]; its different design and population should not be treated as direct validation of
the present mortality contrast. A credible multicenter extension would require harmonized entry criteria,
measurements, and follow-up rather than simply pooling available EEG reports.

For a prospective Saudi study, the first design decision should be the target population: all ICU admissions,
all patients with suspected seizures, or all patients receiving CEEG. Those choices answer different
guestions and produce different selection mechanisms. A presentation-based prognosis study should
define an index time before the outcome risk period and record the clinical event in enough detail to
distinguish seizure types and duration. A service-effectiveness study would additionally need a defensible
comparator monitoring strategy and careful documentation of how allocation occurs. These objectives
should not be combined under a vague claim of EEG utility.
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Useful data elements would include admission, event, request, and monitoring timestamps; standardized
mental-status and severity assessments; a validated diagnosis dictionary; prior epilepsy and acute brain
injury information; and the timing of sedatives, antiseizure medication, and treatment limitations. Monitoring
duration should be recorded as an observed process rather than treated automatically as a baseline
exposure. Patient identifiers can remain protected while enabling an authorized data custodian to construct
a reliable episode and repeat-admission key. Clear data governance would allow these improvements
without exposing identifiable records in the public analysis.

Outcome ascertainment should distinguish ICU death, hospital death, and mortality after discharge, with a
documented method of follow-up to the chosen horizon. Functional and patient-centered outcomes may
add information that survival alone cannot capture. Finally, source validation should be completed before
fitting large models: label dictionaries should reconcile with category totals, a sample of records should be
checked against the originating clinical source where authorized, and disagreements should be resolved by
accountable investigators. These are proposed improvements for future work, not procedures completed in
this public-data reanalysis.

5. Conclusions

In the historical Saudi ICU monitoring records, the adjusted mortality point estimate was lower with
recorded clinical seizure presentation, but the confidence interval was compatible with differences in either
direction, and selection into monitoring limits generalizability. The analysis does not establish protection,
harm, or equivalence, and it does not estimate the effectiveness of monitoring or treatment. Its reproducible
computations are accompanied by unresolved diagnosis coding, selection, timing, and clinical-information
limitations. Prospective cohorts with validated diagnosis codes, distinct-person linkage, severity and event

timing are required before this observational contrast can inform prognostic or service decisions.

Tables

Table 1. Recorded characteristics and mortality by clinical seizure presentation among eligible adults

Characteristic No clinical seizure presentation Clinical seizure presentation
Records 78 114

Age, years, mean (SD) 58.7 (18.9) 52.2 (19.9)
Age, years, median [IQR] 62 [44, 73] 56 [32, 67]
Male 39 (50.0%) 39 (34.2%)
Epilepsy (source label) 30 (38.5%) 16 (14.0%)
Code 4: unlabeled 0 (0.0%) 5 (4.4%)
Metabolic/infectious (source label) 21 (26.9%) 19 (16.7%)
Cerebrovascular disease (source label) 12 (15.4%) 36 (31.6%)
Code 9: unlabeled 1 (1.3%) 5 (4.4%)
CNS infection (source label) 4 (5.1%) 19 (16.7%)
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Characteristic No clinical seizure presentation Clinical seizure presentation

Brain tumor (source label) 2 (2.6%) 6 (5.3%)
Traumatic brain injury (source label) 2 (2.6%) 4 (3.5%)
Post-arrest (source label) 6 (7.7%) 4 (3.5%)

Deaths within 60 days 30 (38.5%) 32 (28.1%)
Mortality, % (Wilson 95% ClI) 38.5 (28.4-49.6) 28.1 (20.6-36.9)

Values are counts (percentages), mean (standard deviation), median [interquartile range], or mortality proportion with Wilson 95%
confidence interval. Diagnosis labels are copied from the public SPSS metadata and are not independently clinically validated; codes 4 and 9
have no labels. CNS, central nervous system. Interpretation: presentation groups differ in age, sex, and recorded diagnosis mix; diagnosis
uncertainties limit clinical interpretation of the category differences. Source: RESULTS_LOCK json, group_summary and reporting.

Table 2. Standardized mortality contrasts under the primary and prespecified sensitivity analyses

Analvsis N Risk without Risk with presentation, | Difference, percentage
b presentation, % % points (95% interval)

Primary age/sex 192 35.9 29.7 -6.23 (-19.75, 7.30)
Age quadratic 192 35.9 29.7 -6.22 (-19.70, 7.25)
All source ages 202 34.0 28.3 -5.70 (-18.59, 7.20)
Recorded epileps
. priepsy 192 35.7 29.8 -5.98 (-20.17, 8.22)
indicator
All diagnosis codes, Firth | 192 35.4 31.3 -4.11 (-19.42, 10.19)
Age/sex overlap

192 36.8 304 -6.38 (-19.87, 9.22)

weighting

Differences compare clinical seizure presentation minus no presentation. Ordinary logistic-model intervals use the sandwich/delta method
conditional on standardization covariates; Firth and overlap intervals are nonparametric bootstrap percentile intervals. The all-age model
changes the population, and overlap weighting changes the target distribution. Full diagnosis adjustment retains nominal source codes
without assigning meanings to unlabeled categories. Interpretation: all contrasts are imprecise; a negative central estimate is not evidence
that clinical seizures are protective. Source: RESULTS_LOCK.json, primary, sensitivity, overlap.

Table 3. Reconciliation of major published source totals with the public dataset

Source item Published value Public data value Reconciliation
Source records 202 202 Matches
Clinical seizure presentation 120 120 Matches
Nonconvulsive seizures 52 52 Matches
Rhythmic/periodic patterns 138 138 Matches
Deaths within 60 days 62 62 Matches
Female patients 116 116 Matches

Does not match source-labeled

Epil 53 50
prepsy code 1
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Source item Published value Public data value Reconciliation

Published ischemic +
Cerebrovascular diagnoses 61 53 hemorrhagic categories; public
label does not distinguish them

Codes 4 and 9 retained as

Unlabeled diagnosis codes Not separately described 11 ) .
nominal categories

Published counts refer to the full source cohort, before the current adult restriction. The source separates ischemic stroke and intracranial
hemorrhage, whereas the public metadata labels one code as cerebrovascular disease and leaves two other codes unlabeled. Their
meanings were not inferred from counts. Interpretation: matching major totals supports file identity, but unresolved diagnostic discrepancies
remain a scientific-release issue. Source: Tayeb, version 3 [1]; public SPSS value labels and RESULTS_LOCK.json source audit.

Figures and legends

Figure 1. Construction of the adult CEEG analysis cohort

202 records; September 2016-August 2017

l

Adults with valid presentation and outcome codes
192 records
Excluded for age <18: 10

l

Clinical seizure presentation
Yes: 114 | No: 78

l

[Observed mortality within 60 days of admission]

[ Public Saudi CEEG cohort J

62 deaths; 130 recorded alive

The source's recording-episode definition was inherited; unique patient identities cannot be independently verified. The current analysis
applies an explicit adult age threshold and valid-code requirements. Interpretation: the target is adults already selected for CEEG, not every
ICU admission. Source: RESULTS_LOCK.json, source_audit and primary.

Figure 2. Mortality probability differences across the primary and sensitivity analyses
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Points are clinical-presentation-minus-no-presentation differences; bars are 95% intervals. Firth and overlap estimates use bootstrap
intervals, while ordinary logistic estimates use sandwich/delta intervals. The vertical line denotes no difference. Interpretation: the estimates
remain compatible with materially different directions of association. Source: RESULTS_LOCK _json, primary, sensitivity and overlap.

Figure 3. Age and recorded diagnosis distributions by presentation group

A Recorded age B Recorded diagnosis mix
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mm No clinical seizure
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No clinical seizure Clinical seizure 1 4 5 7 9 11 13 15 17
Recorded diagnosis code

Panel A displays recorded age distributions. Panel B gives percentages within each presentation group for the exact source diagnosis codes.
Codes 1, 5, 7, 11, 13, 15, and 17 are labeled epilepsy, metabolic/infectious, cerebrovascular, CNS infection, brain tumor, traumatic brain
injury, and post-arrest, respectively; codes 4 and 9 are unlabeled. Interpretation: measurable case-mix differences and limited within-code
overlap caution against causal interpretation. Source: locked cohort and source value-label dictionary.
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