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The Practical Neurology Journal Club met again to discuss a recent epilepsy paper with 
potentially practical implications. This was a prospective French multicentre case-control 
study exploring clinical and paraclinical biomarkers of sudden unexpected death in epilepsy 
(SUDEP) in patients aged ≥15 years with focal-onset drug-resistant epilepsy [1] and 
published in Lancet Neurology. 

We were struck by the ambition of the study question. SUDEP remains the most devastating 
but least predictable complications of epilepsy, yet despite decades of research, we still have 
only limited ability to identify those at greatest risk [2]. We agreed that this study had 
potential to inform clinical practice for all neurologists and the wider medical community. 

We first reviewed the current evidence for SUDEP risk factors. Well-described associations 
include frequent generalised tonic-clonic seizures (GTCs), sleep-related (nocturnal) seizures, 
male sex, sleeping alone, and poor anti-seizure medication adherence [3-7], as discussed in 
current epilepsy management guidelines [8, 9].  

The REPO2MSE investigators aimed primarily to identify possible new SUDEP biomarkers, 
including clinical peri-ictal bradycardia (<50 bpm) or asystole (cardiac arrest for ≥3 sec), the 
occurrence of peri-ictal hypoxaemia (<80% SpO2), and the localisation of the epileptogenic 
zone. 

We were impressed by the cohort size of 1,074 patients recruited, totalling 6,828 patient 
years. We acknowledged the challenges of recruitment of a prospective cohort, using a 
national registry linkage, rigorous SUDEP adjudication and a blinded epileptogenic zone 
classification system [1]. However, important limitations informed our discussion. Notably, 

Philip Smith
I| cannot remember if you mention anywhere that these physiological variables turned out not to be associated with SUDEP in this study?



only 18 SUDEP cases were identified (four definite and 14 probable), and the low event 
numbers limited how reliably biomarkers could be analysed using statistical models. We also 
noted that the study focused on a tertiary presurgical population, limiting the generalisability 
of findings to broader epilepsy populations. 

Other members of the group identified technical measurement issues and potential biases. For 
instance, post-ictal hypoxaemia was not analysed in focal-to-bilateral tonic-clonic seizures 
(FBTCS) because of the potential for movement artefact, and no blood-based biomarkers 
were assessed [1]. Data were frequently missing; for example, there was no peri-ictal arterial 
oxygen saturation reported in 27% of cases, and the sleep apnoea questionnaire results had 
absent datapoints in 21%. We discussed that with relatively few events, filling in missing data 
(imputation) may make the results less reliable. Additionally, with few events the analysis 
method used can result in a model that overfits the data and reduces the generalisability to 
other patient groups [10]. Overall, as the authors acknowledge, the biomarkers analysed are 
better viewed as associated factors rather than as validated predictors. 

The final multivariable model identified four factors significantly associated with SUDEP 
(Table 1): male sex, extratemporal epileptogenic zone, BMI ≥30, and predominantly sleep-
related seizures [1]. Male sex and sleep-related seizures are already well described risk 
factors for SUDEP [3-7]. Indeed, all 18 SUDEP cases in this study were unwitnessed, 
highting the importance of sleeping alone as a major risk factor. One of our group noticed 
that the article used the term “nocturnal seizures” throughout. While this terminology is 
common, we discussed that “sleep-related seizures” may be more precise. The risk associated 
with these events is linked to the state of sleep itself rather than the time of day, and seizures 
can occur during daytime sleep as well as at night. The term “sleep-related” seizure may 
therefore better reflect the underlying risk and avoid ambiguity. 

Being overweight/obese has been reported as a risk factor for SUDEP in two prospective 
cohort studies in China [11,12]. The mechanism for increased SUDEP risk in patients with 
obesity is unclear, but may include comorbid sleep apnoea, obesity-hypoventilation syndrome 
and/or cardiovascular disease [1,11,12]. The study’s most novel associated risk factor was 
extratemporal seizure onset, previously suggested by only one cross-sectional study [13]. We 
hypothesised whether an extratemporal epileptogenic zone might correlate with sleep-related 
seizures as a predominant feature of frontal lobe epilepsy [14]. The authors also discussed the 
role of the insula in central autonomic control, and the contribution of the frontocentral and 
opercular regions in motor control of the respiratory tract. Surprisingly, the frequency of 
FBTCS was not associated with SUDEP risk in this study, in contrast to previous studies 
[5,6]. The authors wondered if this discrepancy related to the difference in the observation 
period for FBTCS between this study (frequency at the time of inclusion in the study, with a 
median time of 3–6 years between inclusion and SUDEP) compared with previous work 
(frequency during the year before SUDEP) [5,6]. The other key biomarkers investigated in 
the study (peri-ictal bradycardia, asystole, and peri-ictal hypoxaemia) were not significantly 
associated with SUDEP. 
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One of our group noted that two of the SUDEP cases in the study occurred in patients who 
were reportedly seizure-free following epilepsy surgery. This prompted discussion as to 
whether these cases might reflect ongoing subclinical seizure activity or, alternatively, under-
reporting of persistent seizures by patients. Previous studies have found that SUDEP remains 
a cause of death in post-surgical epilepsy cohorts, although incidence rates are substantially 
lower than in those who have not undergone surgery [15-17]. In one post-surgical cohort, 
seizures continuing at follow-up was identified as an independent risk factor for SUDEP; 
notably, this association was observed for both GTC and non–GTC seizures [15]. SUDEP has 
previously been reported in patients who were considered seizure-free following surgery [15]. 

We discussed the study’s generalisability to clinical practice. This is a highly selected 
epilepsy population including drug-resistant focal epilepsy from presurgical tertiary centres 
within French healthcare infrastructure [1]. They found obesity, sleep-related seizure 
predominance and epilepsy originating from an extratemporal focus were risk factors and 
patients with these risk factors may warrant heightened counselling about their personal risk 
of SUDEP. These findings need to be validated in other patient cohorts. 

Most of the world’s population with epilepsy (80%) live in low- and middle-income 
countries, with limited access to comprehensive epilepsy services and specialist neurosurgical 
care [18]. Should further research confirm an association between an extratemporal seizure 
focus and SUDEP risk, this would have important implications for global health equity. 
Populations already bearing the greatest burden of epilepsy may have the least access to the 
investigations and treatments that could mitigate SUDEP risk, potentially widening existing 
disparities in epilepsy outcomes.  

In summary, we admired the ambition of the study, which clearly required a substantial multi-
centre collaboration and is highly commendable for advancing patient care. This study 
highlights the difficulty in prospective studies of SUDEP. 

 

Risk factor Odds ratio (95% CI) p value* 
Male sex 12.6 (1.5-106.8) 0.02 
Extratemporal epileptogenic 
zone 

37.8 (3.2-446.2) 0.004 

Predominantly sleep-related 
seizures 

6.0 (1.2-28.7) 0.03 

BMI ≥30 26.0 (2.0-339.6) 0.01 
 

Table 1: The risk factors identified as having a statistically significant increased risk of 
SUDEP (Final non-penalised conditional logistic regression model. Adapted from [1]. *Two-
tailed p values (Wald test)).  
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