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RÉSUMÉ 

 

Introduction : 

L’épilepsie représente la troisième maladie neurologique la plus fréquente en France. Une 

des complications tragiques mais possible de cette maladie est la mort soudaine inattendue dans 

l’épilepsie ou SUDEP (Sudden Unexpected Death in Epilepsie). Ces morts sont brutales, 

inattendues et touchent souvent des sujets jeunes. 

Des progrès substantiels ont été faits ces 20 à 30 dernières années pour caractériser cet événement 

et essayer de s’en prémunir. Cependant, même si de nombreux facteurs de risque ont pu être 

identifiés, aucun marqueur ou score valide n’a pu être mis en évidence. Compte tenu du caractère 

imprévisible de cet événement, des réticences existent à aborder ce risque avec les patients. Dans 

ce contexte, il pourrait être bénéfique d’identifier les patients les plus à risque de SUDEP pour 

adapter la prise en charge et la communication avec les patients et leur famille.  

 

Objectif :  

Développer et valider un score de risque clinique de SUDEP chez les patients souffrant 

d’épilepsie focale & pharmaco-résistante.  

 

Méthode :  

Etude cas-témoins, incluant des témoins provenant de la cohorte française REPO2MSE de 

patients potentiellement candidats à une chirurgie de l’épilepsie, et les cas de SUDEP certaine ou 

probable détectés via le Réseau sentinelle mortalité épilepsie (RSME). 

Les patients souffrant d’une épilepsie focale-pharmaco-résistante et potentiellement candidats à 

une chirurgie ont été inclus entre 2010 et 2019. Le recensement des cas de SUDEP a été effectué 

sur la même période. 

L’analyse a été réalisée à l’aide d’une régression logistique multivariée après remplacement des 

données manquantes par imputation multiple. La sélection des variables a été faite à l’aide du 

critère d’Akaïké. Pour s’assurer de la robustesse du modèle, plusieurs analyses de sensibilité ont 

été réalisées, notamment sur données complètes. Après validation interne du modèle par méthode 

de Bootstrap, un score de risque simplifié a été construit à partir des arrondis des estimations.  

 

Résultats :  

Sur 1 110 patients analysés, 62 sont décédés de SUDEP. Les principaux facteurs de risques 

cliniques identifiés (Odds ratio ajusté, Intervalle de confiance à 95% (IC)) étaient: La fréquence 
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des crises secondairement généralisées (3,83, IC à 95%: 1,88-7,75), le fait d’avoir des crises en 

dormant (6,63, IC à 95%: 4,12-11,19) et un antécédent de dépression (2,57, IC à 95%: 1,56-4,26) 

tandis que la faculté de prévenir de l’arrivée d’une crise était un facteur protecteur du risque de 

SUDEP (0,48, IC à 95%: 0,27-0,83). Après validation interne, le modèle développé possédait des 

capacités discriminantes élevées (AUC= 0,85, IC à 95%: 0,80-0,91). Un score de risque allant de 

-1 à 8, le SUDEP-CARE est proposé. Le seuil de 3 ayant une très bonne sensibilité (Se= 82,2%, 

IC 95%: 72,8-91,8) tout en gardant une spécificité correcte (Sp= 81,4%, IC 95%: 79-83,7). 

 

Perspective 

Ces résultats confirment le rôle primordial des crises généralisées ainsi que des crises ayant lieu 

durant le sommeil dans l’occurrence des SUDEP. C’est aussi la première étude à observer un 

rôle protecteur de la faculté à alerter de l’arrivée d’une crise. Le score SUDEP-CARE développé 

ici est prometteur et des travaux futurs viseront à le valider sur une population différente. 

  



 
 

20 
 

ABSTRACT 
 

Objective: 

To develop and validate a clinical risk score of Sudden Unexpected Death in Epilepsy (SUDEP) 

for patients suffering from drug-resistant focal epilepsy. 

 

Methods: 

Case-control study, including control patients from the French REPO2MSE cohort study, and 

certain or probable SUDEP cases collected by the French Sentinel Mortality Epilepsy Network. 

Study period: 2010-2019. 

Eligibility criteria: drug-resistant patients with focal epilepsy, potentially candidate to surgery. 

Multiple logistic regressions, coupled with multiple imputation to address missing data was 

performed. After internal validation, a simplified risk score was developed using estimates’ 

rounding value of selected variables. 

 

Results: 

Of 1110 patients analyzed, 62 died from SUDEP. Main risk factors (adjusted odds ratio, 95% 

confidence intervals (CI)) were generalized seizure frequency (3.83, 95%CI: 1.88-7.75), nocturnal 

seizure (6.63, 95%CI: 4.12-11.19) and depression (2.57, 95%CI: 1.56-4.26) while the ability to 

alert of incoming seizure was a major protective factor of SUDEP (0.48, 95%CI: 0.27-0.83). After 

internal validation, a clinically usable score ranging from -1 to 8 was developed, with high 

discrimination capabilities (AUC=0.85, 95% CI: 0.80-0.91). The threshold of 3 has good 

sensitivity (Se=82.2%, 95%CI: 72.8-91.8) while keeping a good specificity (Sp=81.4%, 95% CI: 

79-83.7). 

 

Significance: 

Those results outline the foremost importance of generalized and nocturnal seizure in the 

Occurrence of SUDEP. It is the first study to observe a protective role of the ability to alert of 

incoming seizure. The SUDEP-CARE score developed is promising. Further work should allow 

to definitely validate this clinically usable risk score.   
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INTRODUCTION 
 

SUDEP (Sudden Unexpected Death in EPilepsy) is a sudden death without identified cause 

in patients with epilepsy. In adults, incidence of SUDEP is estimated at 1.2 / 1000 patients per 

year (95% CI: 0.64-2.32)1 . When looking at populations with drug-resistant epilepsy, candidates 

for epilepsy surgery, then the incidence rate increases drastically around 2-3 to 10 / 1000 patients 

per year2,3.  

Several clinical risk factors for SUDEP have been identified4–15. Generalized or secondarily 

generalized tonico-clonic seizures represent a major risk factor for SUDEP4,5, as well as 

intellectual disability, with 4 to 5 times more SUDEP in patients suffering from intellectual 

disability in addition to their epilepsy 6,7. The nighttime occurring or sleep-related seizures is a 

more recent but important finding, with a 3 to 15 times higher risk of SUDEP in patients with 

nocturnal seizures 5,8. The duration of epilepsy was also proposed as a risk factor in multiple studies 
9,10, but with a low level of evidence. The treatment profile, and more specifically the number of 

antiepileptic drugs prescribed, was not associated with the risk of SUDEP after adjusting for the 

frequency of generalized tonic-clonic seizures 6,11,12,16. Finally, psychiatric co-morbidities have 

also been proposed as potential risk factor of SUDEP with more and more evidence pointing in 

that direction. Indeed depression 13,14 and taking anxiolytics or antipsychotics could be associated 

with an increased risk of SUDEP 11. However, the latter results have not been confirmed or 

replicated.  

Current recommendations advocate for discussing the risk of SUDEP in patients with 

epilepsy at the time of diagnosis 1 and for making every effort to minimize the occurrence of 

generalized seizures. Implementing night surveillance through a device for patients with mostly 

nocturnal crises is also recommended. However, reluctance to discuss this risk exists, especially 

in view of its unpredictability and the lack of a model that can identify people at risk. 

The only existing risk score, the SUDEP-7 inventory, was proposed in 2010 by DeGiorgio et al 17. 

However a recent study 18pointed out its insufficient discriminatory capacity in to evaluating 

SUDEP risk. 

The existence since 2010 of a French register of epilepsy-related mortality, 19as well as a 

simultaneously constituted national large cohort investigating the underlying pathophysiologic 

mechanisms leading to SUDEP in patients with drug-resistant focal epilepsy, candidates for 

surgery, the REPO2MSE study 20, represented an opportunity to study the risk factors of SUDEP 

and develop a clinically pertinent risk score.  



 
 

22 
 

The objective of this work was to identify clinical risk factors of SUDEP in a case-control 

study to develop a SUDEP risk score, usable in clinical practice and capable of stratifying adult 

patients with drug-resistant focal epilepsy. 
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MATERIEL & METHODE 
 

Design 

In this case-control study of SUDEP risk factors, we included patients with drug-resistant 

focal epilepsy from two nationwide studies conducted concomitantly, with prospective inclusion 

and common collection tools. 

SUDEP cases were extracted through the French national network on epilepsy-related 

death (Reseau Sentinelle Mortalité Epilepsie, RSME19).   This program set up under the aegis of 

the French league against epilepsy (LFCE) and with the support of the French Foundation for 

Epilepsy Research (FFRE) is coordinated at Montpellier University Hospital. It involves all the 

French centers specialized in the treatment of epilepsy and allows to collect a significant share of 

deaths by SUDEP in France. SUDEP cases were included between 2010 and March 2019. We 

included only SUDEP cases with drug-resistant focal epilepsy. 

Controls were included in the REPO2MSE study (Clinical trial: NCT02572297 66 20), a national 

multicentric cohort of patients with drug-resistant focal epilepsy, potentially candidates to epilepsy 

surgery. Controls were included between 2010 and December 2014 and were followed-up until 

March 2019 for the occurrence of SUDEP thank to the same network as the RSME. 

Inclusion criteria were the same for the case and control populations. Patients aged 15 

years and older with focal and drug-resistant epilepsy, potential candidates for epilepsy surgery 

were included and, for the cases, only definite or probable SUDEP were considered. Patients 

who died of a possible SUDEP were excluded. Certain, probable and possible SUDEP were 

determined according to Annegers definition 21,22 

 

SUDEP Ascertainment  

SUDEP Cases were reported by neurologist, bereaved families or general practitioner. 

After family consent, a standardized form was completed and sent to the network coordinator. In 

the case of SUDEP, bereaved families were interviewed by a psychologist following the 

recommendations made by the Institut National de la Santé et de la Recherche Médicale 

(INSERM). Interview acquired data were confirmed by the treating epileptologist. Each case was 

reviewed by an expert committee (composed of 1 pediatric neurologists, 2 neurologists and 1 

epidemiologist) to validate the cause of death.  
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Medical data collection 

Only data collected with similar methodology on both study was analyzed after careful 

consideration of potential measurement bias. Data originate from the patient medical records of 

the epileptology units (EU) where the patient underwent epilepsy diagnosis, follow-up and/or was 

explored for curative surgery.  

Information about sociodemographic data (age, sex), associated comorbidities, medical 

history (in particular neurological, psychiatric, cardiac, pneumological, SAOS, obesity…), 

epilepsy characteristics (age at epilepsy onset, epilepsy duration, seizure frequency before 

admission in the EU or death, type of seizures, epilepsy type)and current or past treatment where 

gathered in the medical record of the epileptology center at the time of enrollment in the 

REPO2MSE cohort, while for SUDEP cases, these data were collected on the last clinical visit 

before death.  

Concerning the epilepsy, the frequency of partial and generalized seizures during the last 

year and the detailed description of the seizures that occurred in the 3 last months was available. 

The occurrence of per or post critical event during seizure was also available. A respiratory event 

was present when either dyspnea, cyanosis or desaturation was observed. A cardiovascular event 

was present when either bradycardia, tachycardia or arrhythmia was observed. Mood disorders 

during or close to seizure were also recorded as well as fall susceptibility and the ability to alert 

someone of an incoming seizure. 

Seizure frequency during the last year and current treatment were confirmed or re-

assessed by an interview with relatives of the deceased patient. 

 

Statistical analysis 

A comparison of cases and controls on complete data was carried out. Quantitative 

variables are presented with their mean and standard deviation or median with interquartile range. 

The qualitative variables are presented with their frequency and associated percentages. The 

appropriate comparison tests were used depending on the type of the variable and whether the 

validity conditions were met or not. For epilepsy duration, we determined a threshold using the 

most discriminative point between case and control, and then used the categorical variable related 

to this threshold. 

In order to carry out the multivariate analyzes, missing data were addressed by multiple 

imputation with Fully Conditional Specification method 23,24 . As recommended in the literature, 

ten imputed dataset have been created, and all the variables used in the analysis were used for the 

imputations 25.  
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All variables presented a missing at random pattern except for intellectual disability which 

had an important percentage of missing data, and only in the control population. This missing 

information most likely come from the fact that the absence of intellectual disability were not 

systematically reported in the medical records. To ensure that hypothesis and control potential 

bias, a sensitivity analysis, in which missing information about intellectual disability was imputed 

at no intellectual disability, was performed. 

Another sensitivity analysis, only using complete data, was also performed to verify 

possible bias induced by the imputations. 

Validity conditions for the use of quantitative variables in a logistic regression model were 

verified, including their distribution and linearity relationship. To ensure maximum clinical 

interest and usability, duration of epilepsy was tested as a binary variable. Threshold was selected 

after univariate evaluation of discrimination capabilities between SUDEP cases and controls. The 

multicollinearity was tested using the tolerance. The removal of a variable from the analysis, if it 

showed too much collinearity, was discussed after clinical consideration. 

A forward selection was carried out on each of the ten imputed dataset through logistic 

regression. In each case, the model presenting the minimum Akaike criterion was kept. A 

comparison was made between the 10 selection processes and a model was created with the most 

robust variables using logistic regression. The variables included were those who had been 

retained in at least 9 of the 10 selections process.  

Discrimination was estimated through ROC curve and area under the curve estimate. 

Calibration was explored through the Hosmer and Lemeshow test as well as graphically with 

observed and predicted probabilities. 

A second model, adjusted on potential cofounders who were not initially selected (age at 

inclusion and epilepsy duration), was also done for comparison. Discrimination capabilities and 

adjusted estimates are presented. 

Internal validation of the model was performed by the Bootstrap method26 for each of the 

imputations 27. Random draw with replacement was carried out with a 1:1 rate on each imputation 

and two hundreds samples were drawn for each imputation. Logistic regression using the same 

parameters as the initial model was then performed on the 200 samples in each imputation. Areas 

under the curves and Bootstrap estimates for each imputation were thus obtained and used in the 

original dataset to calculate individual risk scores. Calculated areas under the curve and estimates 

were compared to Bootstrap results. The optimism, corresponding to the difference’s averages 

between the two results, was calculated in each imputation 28. The area under the final curve of our 

model as well as the estimates corrected by their respective optimism were calculated. Then a 
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global analysis of imputations was carried out though mean and standard deviation for each 

parameter.  

A simplified model was then developed for clinical use based on the rounded value of 

corrected estimates 29. Discriminating capabilities of this score on the initial dataset are presented 

as well as sensitivity and specificity of different risk threshold. Youden index for each thresholds 

is specified. 

All statistical analysis were performed using SAS 9.4 software. 

 

Consideration on the power 

A post hoc power estimation was performed for the analysis, based on an odds ratio 

objective of 2, an alpha risk of 5% and a population of 62 cases for 1048 controls. Power 

simulations used the OpenEpi v3 software and its PowerCC tool (Dean AG, Sullivan KM, Soe 

MM. OpenEpi: Open Source Epidemiologic Statistics for Public Health) and are shown in 

supplementary figure 2.  
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RESULTATS 
 

Figure 1: Flow chart 

 
 

Through the RSME, 113 cases of SUDEP were included (other SUDEP could not be 

explored either because of family refusal or because the declaration was anonymous). Fifty-eight 

did not meet the eligibility criteria, 54 had either drug-sensitive epilepsy and/or generalized 

epilepsy and 4 were not potential candidates for surgery with either Dravet’s syndrome or Lennox-

Gastaut’ syndrome.  

Of the 1092 people included in REPO2MSE, 16 were certain or probable SUDEP cases of 

which 9 already included in the RSME. Fifteen had died during follow-up of other causes that did 

not rule out a possible SUDEP and 13 patients had missing data on critical information either 

regarding their gender or age at the time of inclusion and were excluded.  

Thus, 1048 controls and 62 SUDEP cases were included in the analysis as shown in the figure 1. 
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Initial comparison on complete data 

Univariate comparison between cases and controls on complete data are shown in Table 1. 

Cases and controls were comparable for age and sex. The most important differences were found 

for sleep-related seizure or nighttime occurrence of the seizures, and for the frequency of 

generalized tonico-clonic seizures  

Patients who died of SUDEP had a higher rate of intellectual disability than controls. A 

history of depression or sleep apnea syndrome (SAS) was more common in the SUDEP cases. Per- 

or post-critical events were significantly different between groups, with more respiratory issues in 

the SUDEP cases (dyspnea, cyanosis or desaturation). There were also more heart problems 

(tachycardia, bradycardia or arrhythmia), as well as more mood disorders and more fall 

susceptibility during seizure. However, being able to alert of the incoming seizure was less 

common in SUDEP cases. 

Epilepsy surgery rate was comparable between the two groups, so was treatment profile, 

whether it is in the number of antiepileptic drugs used or in the presence of other psychotropic 

drugs. 
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Table 1: Cases – Controls comparisons on complete data 

  N SUDEP Cases Controls p-value 
Socio demographic characteristic       

       
Gender (Men) 1110 32 (51.6%) 543 (51.8%) 0.97 
Age (Years) Mean (± SD) 1110 33.0 (± 11.6) 34.8 (± 12.1) 0.27  
BMI Median (Q1;Q3) 1050 22.2 (20.7 ; 25.9) 23.3 (20.8 ; 26.2) 0.38  
              
Comorbidities       

       
Intellectual disability 663 16 (27.6%) 85 14% 0.01 
Cardio vascular comorbidities 1093 6 (9.7%) 57 (5.5%) 0.16 
Current Depression  1095 15 (25.9%) 150 (14.5%) 0.02 
History of Depression 1082 30 (51.7%) 265 (25.9%) <0.0001 
Sleep Apnea Syndrome in the medical history 1080 7 (11.5%) 32 (3.1%) 0.005 
              
Treatments       

       
Current Number of Anti-epileptic drug  1092         0.39 
0 - 1   14 (22.6%) 166 (16.1%)   
2   32 (51.6%) 554 (53.8%)   
3 or more   16 (25.8%) 310 (30.1%)   
Other psychotropic drug 1081 7 (12.3%) 138 (13.5%) 0.80 
              
Epilepsy characteristic       

       
Epilepsy duration (years) Median (Q1 ;Q3) 1075 19.1 (10 ; 28.9) 15.9 (9.0 ; 26.6) 0.12 
Epilepsy duration (20 years or more) 1075 29 (49.1%) 395 (39%) 0.22 
Focal seizure frequency 1023      
Less than 1 per month  12 (23.5%) 141 (14.5%) 0.11 
From 1 per month to 1 per week  12 (23.5%) 336 (34.6%)  
More than 1 per week  27 (52.9%) 495 (50.9%)  
Generalized Tonico-clonic seizure frequency 
(GTCS) 1057 

     
Less than 1 per year  14 (24.1%) 652 (65.2%) <0.0001 
From 1 per year to 1 per month  25 (43.1%) 261 (26.1%)  
More than 1 per month  19 (32.8%) 87 (8.7%)  
Nocturnal seizure 1068 43 (69.4%) 224 (22.3%) <0.0001 
Seizure with aura 1080 33 (62.3%) 671 (65.3%) 0.65 
Able to warn of incoming seizure 1034 17 (27.9%) 442 (45.4%) 0.01 
Per or post seizure respiratory disorder 1052 25 (45.5%) 143 (14.3%) <0.0001 
Per or post seizure cardiac disorder 1061 16 (26.2%) 148 (14.8%) 0.02 
Per or post seizure mood disorder 1072 13 (24.1%) 115 (11.3%) 0.005 
Fall during seizure 1052 35 (57.4%) 259 (26.1%) <0.0001 
Going into the ‘prone position’ during seizure 989 3 (7.1%) 22 (2.3%) 0.09 
Repeated Seizure 1078 24 (38.7%) 347 (34.1%) 0.46 
Epilepsy surgery 1110 8 (12.9%) 109 (10.4%) 0.53 
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SUDEP-CARE creation process 

The 23 variables considered in the univariate analysis, having 5.2% of missing data, were 

all included in multiple imputations. Ten imputed datasets were generated for logistic regression 

analysis. Results of the selection processes are presented in Supplementary table 1. Five variables 

were selected in all of the 10 models having the minimum Akaïke criterion: the frequency of 

generalized tonico-clonic seizures, nocturnal or sleep related seizures, the ability to alert of 

incoming seizures, history of depression, and fall occurring concomitantly to the seizure. 

Respiratory trouble during or just after seizure was selected in 9 out of 10 models as well as 

intellectual disability. 

Epilepsy duration, with a threshold at 20 years, was selected in only 3 out of 10 logistic 

regression analyses and thus not considered in the final model. Adjusted results of the multivariate 

analysis combining results from the 10 models with those variables are presented in table 2.  

After internal validation, generalized seizure frequency and nocturnal seizures remained 

major risk factors, while the ability to alert of incoming seizure was a very important protecting 

factor. Other components of the model had less impact, with depression history and per or post 

seizure impairment, being either respiratory or a susceptibility to fall presenting approximatively 

a two fold increase of the SUDEP Risk Intellectual disability presented a reduced and non-

significate risk after Bootsrap validation. Corrected estimates are presented in table 2. However 

the sensitivity analysis performed on the imputation method for Intellectual disabilities showed an 

underestimation of the effect with OR=3.46 [CI95%: 1.64; 7.28] (table 3). 

Discrimination capacity of that model was very high, with an estimated area under the ROC 

curve (AUC) after Bootstrap validation of 0.85 (95% CI: 0.80; 0.90). Adequate calibration of the 

model was observed through the graphical representation of observed and predicted probabilities 

(Supplementary Figure 2), and with a Hosmer and Lemeshow test not significant (p = 0.37).  
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Table 2: Univariate and multivariate logistic regressions before and after Bootstrap validation 

  
Univariate Model 1 Model 2* After Boostrap 

valida on ‡ 
  OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] 
Generalized seizure frequency         
    Less than 1 per year 1 (ref) 1 (ref) 1 (ref) 1 (ref) 
    Between 1 per year and 1 per month  4.1 [2.14 - 7.85] 2.39 [1.18 - 4.83] 2.62 [1.29 - 5.35] 2.39 [1.34 - 4.31] 
    More than 1 per month 8.93 [4.41 - 18.11] 3.79 [1.67 - 8.6] 4.21 [1.84 - 9.61] 3.85 [1.88 - 7.75] 
Intellectual disability 2.08 [1.12 - 3.86] 1.91 [0.88 - 4.15] 1.9 [1 - 3.46] 1.56 [0.73 - 3.34] 
Depression history 2.92 [1.72 - 4.95] 2.53 [1.4 - 4.57] 2.46 [1.33 - 4.55] 2.57 [1.56 - 4.26] 

Respiratory trouble during or after seizure 4.24 [2.41 - 7.47] 2.12 [1.07 - 4.2] 2.08 [1.1 - 3.95] 2.16 [1.24 - 3.66] 
Nocturnal seizure 7.81 [4.46 - 13.68] 6.28 [3.45 - 11.45] 6 [3.28 - 10.97] 6.63 [4.12 - 11.19] 
Able to alert of incoming seizure 0.47 [0.27 - 0.84] 0.49 [0.26 - 0.94] 0.48 [0.25 - 0.91] 0.48 [0.27 - 0.83] 
Fall during or after seizure 3.6 [2.13 - 6.07] 1.9 [1.03 - 3.49] 1.91 [1.03 - 3.55] 1.94 [1.15 - 3.3] 

 
* Adjusted for age and epilepsy duration 
‡ Model 1 was used 
 

Sensibility analysis 

While not being selected through the statistical analysis, a second multivariate model 

adjusted on the age at inclusion or age at death of patients and on the duration of epilepsy was 

performed and showed very similar results in estimated OR. Results are shown in table 2 

alongside initial model. 

A model was also tested on complete data, including only 46 cases of SUDEP and 584 

controls because of missing data. Estimates given were consistent with previous results, 

comforting our model with imputed data (Table 3), with a notable increase of the effect of 

nocturnal seizure, more present in this restricted number of SUDEP cases 

Finally, to test the bias possibly induced by the multiple imputation done on the intellectual 

disability, we executed a model in which all missing data for intellectual disability was imputed at 

“no” value, which is probably closer to reality than our more conservative initial model. The results 

of this model, executed with multiple imputation and on complete data are shown in table 3. As 

expected, the effect of intellectual disability is increased (from 1.9 [1; 3.46] to 3.46 [1.64; 7.28]) 

while keeping other risk factor estimates close to what they are in the initial model. 
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Table 3: Sensitivity analysis 
 

  

Intellectual disability 
imputed at “no” when 

missing (n=1110)* 

Complete data only (n= 
584) (46 cases)* 

Complete data and 
Intellectual disability 

imputed at « no » 
when missing (n=950) 

(48 cases)* 
  OR [95% CI] OR [95% CI] OR [95% CI] 
Generalized seizure frequency       
     Less than 1 per year 1 (ref) 1 (ref)  1 (ref) 
     Between 1 per year and 1 per month  2,46 [1,21 - 5,02] 2,67 [1,01 - 7,06] 2,72 [1,16 - 6,39] 
     More than 1 per month 3,56 [1,55 - 8,17] 4,15 [1,45 - 11,89] 4,69 [1,83 - 12,02] 
Intellectual disability 3,46 [1,64 - 7,28] 2,38 [0,97 - 5,87] 3,84 [1,65 - 8,96] 
Depression history 2,48 [1,37 - 4,49] 3,28 [1,49 - 7,21] 3,19 [1,56 - 6,5] 
Respiratory trouble during or after seizure 2,02 [1,04 - 3,9] 1,95 [0,9 - 4,25] 2,05 [1 - 4,21] 
Nocturnal seizure 6,49 [3,54 - 11,92] 10,3 [4,6 - 23,06] 8,11 [3,92 - 16,79] 
Able to warn of incoming seizure 0,51 [0,27 - 0,97] 0,44 [0,19 - 1] 0,54 [0,26 - 1,13] 
Fall during or after seizure 1,92 [1,04 - 3,57] 2,58 [1,16 - 5,73] 1,77 [0,86 - 3,66] 

 
*All model have been adjusted for age and epilepsy duration 
 

 

Simplified risk stratifying score: SUDEP-CARE (CARE for ClinicAl Risk scorE) 

In order to be used in clinical practice, the proposed score must be simple and quick to 

perform in addition to being relevant, so rounded values of the parameters estimates were used to 

construct the SUDEP-CARE score as shown in Table 4. 

Discrimination capabilities of the created risk score remained very good, with an area under 

the curve of 0.85 (95% CI: 0.80; 0.91) (Figure 1 in supplementary data). 

Sensitivity and specificity of different thresholds are presented in Table 5.  

The threshold of one allow to detect 93.6% (95% CI: 87.4%; 99.7%) of the SUDEP cases, 

while dismissing 40.2% (95% CI: 37.2%; 43.1%) of patients non-at risk of SUDEP. 

To maximize sensitivity and specificity, the threshold of 3, that present the best Youden 

index (which jointly maximizes sensitivity and specificity ) is preferable with a sensitivity of 

82.2% (95%CI: 72.6%; 91.8%) and a specificity of 81.4% (95% CI: 79%; 83.8%).  
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Table 4: SUDEP-CARE scoring system 

Clinical modality Points 

Generalized seizure frequency 
if more than 1 per month: 2 pts 
If between 1 per month and 1 per year: 1 pt 
If less than 1 per year :  0 pt) 

0, 1 or 2 

Intellectual disability (1) 0 or 1 
Depression history (1pt) 0 or 1 
Respiratory trouble during or after seizure (1 pt) 0 or 1 
Nocturnal seizure (2 pt) 0 or 2 
Able to warn of incoming seizure (remove 1 pt) 0 or -1 
Fall during or after seizure (1 pt) 0 or 1 
 Goes from -1 to 8 

 

 

Table 5: SUDEP-CARE score Thresholds characteristics 

 

Thresholds Sensitivity [95% CI] Specificity [95% CI] Youden Index 

8 3,23% [0 - 7,62] 100,00% [100 - 100] 0,032 

7 8,06% [1,29 - 14,84] 99,90% [99,71 - 100] 0,080 

6 19,35% [9,52 - 29,19] 99,32% [98,83 - 99,82] 0,187 

5 35,48% [23,57 - 47,39] 96,62% [95,52 - 97,72] 0,321 

4 58,06% [45,78 - 70,35] 91,12% [89,39 - 92,85] 0,492 

3 82,26% [72,75 - 91,77] 81,37% [79 - 83,74] 0,636 

2 87,10% [78,75 - 95,44] 64,19% [61,27 - 67,11] 0,513 

1 93,55% [87,43 - 99,66] 40,15% [37,17 - 43,14] 0,337 

0 96,77% [92,38 - 100] 12,16% [10,17 - 14,15] 0,089 
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Figure 2: ROC curve for SUDEP-CARE score 
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DISCUSSION 
 

The SUDEP-CARE score 

Our objective was to develop a clinically applicable score that stratifies patients according 

to their risk of SUDEP.  The SUDEP-CARE score was developed keeping only the most relevant 

clinically and statistically robust variables. It underwent thorough internal validation and showed 

excellent discrimination capabilities with a sensitivity of 82.2% (95%CI: 72.6%; 91.8%) and 

specificity of 81.4% (95% CI: 79%; 83.8%) when looking at the most discriminating threshold 

(3). External validation remains necessary before broad usage, but it is the first step to a usable 

clinical risk score. 

Another tool, has been developed by Shankar et al, in the UK, the safety checklist30,31. 

This 19-items checklist is proposed to optimize the care of epileptic patients by listing potential 

or known risk factors to try to evaluate global risk and engage in discussion with the patient to 

mitigate risk when possible. The SUDEP-CARE score could be complementary by allowing 

neurologist to quickly and objectively evaluate the SUDEP risk in order to target most at risk 

patient for adapted care.  

 

In light of the literature 

In this study, the analysis of risk factors for SUDEP allowed us to confirm the major role 

of generalized tonico-clonic seizures identified as risk factor in all SUDEP analytic studies 

suggesting that SUDEP is a generalized seizure-related event. Our results confirm nocturnal or 

sleep related seizures history as an independent major risk factor of SUDEP, as shown by Lamberts 

et al.8 and more recently by Sveinsson et al5 who obtained respectively an adjusted OR of 2.6 (95% 

CI: 1.3-5) and 15.31 (9.57–24.47). This could be partially linked to the lack of supervision at these 

times, as it has been shown that nocturnal supervision is associated with a protective effect32, but 

a specific effect of sleep related  generalized seizure cannot be ruled out and seems undeniable 5.  

A more original result is the demonstration of a link between the presence of psychiatric 

comorbidities and the risk of SUDEP. Indeed, among the cases of SUDEP, a history of proven 

depression was more frequent, which is consistent with recent findings on a large Swedish cohort 
5,14. Patients with mood disorders following epileptic seizures were also at increased risk for 

SUDEP in the univariate analysis and while not present once adjusted with other factors, this could 

reinforce a possible link with neurobiological mechanisms of depression. Serotonergic pathways 

may play a role in SUDEPs, that hypothesis was already explored for respiratory regulation33,34 
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and in mice, the use of serotonin reuptake inhibitor, a molecule used to treat depression, has shown 

a reduction in the risk of sudden death34. 

This study also finds a link between respiratory trouble like apnea, dyspnea or cyanosis 

occurring during or just after a seizure and the risk of SUDEP, which reinforces the hypothesis of 

a respiratory mechanism in SUDEP, with a central apnea being triggered by the seizure and leading 

to death 3,35,36 

While falling during the onset of a generalized seizure, also associated with the risk of 

SUDEP, could be linked to a particular brain propagation of seizures that would affect the 

brainstem, same brainstem that plays a part in respiratory regulation through serotoninergic 

pathways, as shown in mice 37,38. More surprising, the ability to alert of incoming seizure has been 

identified as an important protective factor. This could also be linked to a specific localization or 

propagation pathway that when allowing the patients enough time to alert their entourage, would 

also be less likely to lead to SUDEP 38. These clues potentially indicate that a close relation 

between the epileptogenic zone and the brainstem could be linked to an increased risk of SUDEP. 

While still part of the final model, intellectual disability seems less important in our study 

as a risk factor than in previous studies 39. As explored in our sensitivity analysis this probably 

comes from the large amount of missing data regarding this particular notion in the control 

population which could be negatively imputed for the most part. Estimates then matched those 

found in the literature. It could also come in part from our eligibility criteria, surgery candidates 

excluding patients with severe epileptic encephalopathy like Lennox-Gastaut or Dravet’syndrom 

which are known to present intellectual disability. 

After adjusting for other risk factors, no effect persisted for the duration of epilepsy. This 

factor was never shown as being of most importance but in the adults population with drug resistant 

focal epilepsy it seems not being related to the SUDEP risk.  

No effect were found for the number of epileptic drugs taken, confirming the results of 

Hesdoffer 16, and the frequency of focal seizures was also not selected as a risk factor. The risk of 

SUDEP therefore seems to be related, not to all epileptic seizures, but mainly to generalized 

tonico-clonic seizure.  

Epilepsy surgery rate, sociodemographic and treatment profile were very similar between 

case and control in this study, this adding to careful selection of population allow us to be confident 

in managing potential selection bias.  

 

Strength and limit of the study 

Our study has a number of limitations. Firstly, cases and controls were recruited from  

different sources which can lead to biases. However, both studies were conducted concurrently, 
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on a similar population and with similar methods and tools for data collection. In addition, only 

information collected from the same source and same manner was analyzed in order to ensure the 

comparability of the data.  

Secondly, a potential problem is related to the narrow selection criteria of our population. 

As it stands, our findings concern adult patients with focal and drug-resistant epilepsy. This, 

however, corresponds to the population identified most at risk because of uncontrolled 

generalized tonico-clonic seizures30,40. Nevertheless, it would be interesting to test the validity of 

the SUDEP-CARE score on a more heterogeneous population, with drug-sensitive or generalized 

epilepsies. 

Another limitation came from the case-control design of our study, which increases the 

ratio of event versus non-event. Since SUDEP is a relatively rare event, it is difficult to set up a 

follow-up cohort that would collect enough cases of SUDEP to correctly analyze the predictive 

capacities of the SUDEP risk of various factors. This design keeps us from having a real predictive 

capabilities, but not from developing a risk score that correctly discriminates high risk patient from 

the others.  

While missing data did not permit to perform multivariate analysis on the complete data 

without important selection bias, multiple imputation allowed us to use the most of available 

information. To ensure the validity of our findings, several sensitivity analyses were performed 

that showed consistent results even if it appeared that we probably underestimated the importance 

of the risk related to intellectual disability. This however was taken into account and did not 

interfere in the construction of the SUDEP-CARE score (discrimination capabilities did not vary). 

Despite these limitations, several strong arguments support the robustness of our results. 

First, the selection process, kept only the most robust factors to compose the final model and 

even then, an internal validation through bootstrap was performed. We also performed several 

sensitivity analyses that showed consistent estimates, either when using complete data, when 

adjusting on age and epilepsy duration or when changing of imputation process.  

An update of the SUDEP-CARE score is expected, especially with respect to certain non-

exploitable factors in our study, such as life’s habits, epilepsy etiologies, treatment compliance 

or even para-clinical explorations. This could lead to even better discrimination and 

identification to high risk patient to maybe one day being able to detect with almost certainty 

patients whom would be subject to SUDEP given their clinical context. 

 

Conclusion: 

In practice, we would suggest to consider informing of the risk of SUDEP any patient with 

a score of 1 or higher in the SUDEP-CARE scale with focal and drug resistant epilepsy. While the 
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threshold of 3 seems to be a better compromise between sensitivity and specificity, in prospect to 

develop a prevention tool, the higher sensitivity seems preferable. A discussion using the safety 

check list could also be focused on patient scoring 1 or higher. 

As previously recommended 1, the use of an alert system, capable of monitoring and 

detecting seizure could also be envisaged beyond this threshold, in order to trigger a rapid response 

from the entourage during the occurrence of generalized, particularly nocturnal or sleep related 

seizures. On other hand, the threshold of 3 could be a good starting point as a tool for future 

SUDEP investigations in order to target the most at risk population in enrollment. 

It’s an important step in evaluating SUDEP risk for patients and it could also allow 

neurologist to better identify and address more rapidly patients that could benefit the most from 

surgery. 
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ANNEXES 
 
 
Supplementary table 1: Variable selection in imputed datasets 

 
Number of 

selection 
Number of selection when missing information 

on intellectual disability is imputed at “no” 

Socio demographic characteristic  

 

Gender (Men) 0 0 

Age (Years) Mean (± std) 0 0 

BMI Median (Q1;Q3) 0 0 

Comorbidities   

Intellectual disability 9 10 

Cardio vascular comorbidities 0 0 

Current Depression  0 0 

History of Depression 10 10 

Sleep Apnea Syndrome in the medical history 5 9 

Treatments   

Current Number of Anti-epileptic drug  0 0 

Other psychotropic drug 0 0 

Epilepsy characteristic   

Epilepsy duration (20 years or more) 1 0 

Focal seizure frequency 1 3 

Generalized Tonico-clonic seizure frequency (GTCS) 10 10 

Nocturnal seizure 10 10 

Seizure with aura 0 0 

Able to warn of incoming seizure 10 10 

Per or post seizure respiratory disorder 9 10 

Per or post seizure cardiac disorder 0 0 

Per or post seizure mood disorder 1 3 

Fall during seizure 10 10 

Going into the ‘prone position’ during seizure 1 6 

Repeated Seizure 0 0 

Epilepsy surgery 0 0 
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Supplementary Figure 1: Calibration evaluation through Predicted to observed probabilities 
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Supplementary table 2: Comparison of SUDEP cases between RSME network and REPO2MSE 
Cohort 

  N SUDEP from RSME SUDEP from REPOMSE p-value 
Socio demographic characteristic       

       
Gender (Men) 62 22 (46.8%) 10 (66.5%) 0.1803 
Age (Years) Mean (± SD) 62 33.4 (± 12.3) 31.8 (± 9.2) 0.8710 
BMI Median (Q1;Q3) 57 22.0 (20.5;26.7) 24.2  (20.8;25.8) 0.7498 
             
Comorbidities       

       
Intellectual disability 58 14 (29.8%) 2 (18.2%) 0.7097 
Cardio vascular comorbidities 62 6 (12.8%) 0 (0.0%) 0.1454 
Current Depression  58 11 (24.4%) 4 (30.8%) 0.7235 
History of Depression 58 24 (53.3%) 6 (46.2%) 0.6482 
Sleep Apnea Syndrome in the medical history 61 7 (15.2%) 0 (0.0%) 0.1083 
             
Treatments       

       
Current Number of Anti-epileptic drug  62     0.7458 
0 - 1  11 (23.4%) 3 (20.0%)  
2  23 (48.9%) 9 (60.0%)  
3 or more  13 (27.7%) 3 (20.0%)  
Other psychotropic drug 57 5 (11.6%) 2 (14.3%) 1.0000 
             
Epilepsy characteristic       

       
Epilepsy duration (years) Median (Q1 ;Q3) 62 21.5  (11.6;29.8) 13.2 (8.2;27.6) 0.1937 
Epilepsy duration (20 years or more) 62 24 (48.9%) 5 (67.6%) 0.2308 
Focal seizure frequency 51     0.9098 
Less than 1 per month  9 (23.1%) 3 (25%)  
From 1 per month to 1 per week  10 (25.6%) 2 (16.7%)  
More than 1 per week  20 (51.3%) 7 (58.3%)  
Generalized Tonico-clonic seizure frequency 
(GTCS) 58     0.4237 
Less than 1 per year  9 (20.5%) 5 (35.7%)  
From 1 per year to 1 per month  19 (43.2%) 6 (42.9%)  
More than 1 per month  16 (36.4%) 3 (21.4%)  
Nocturnal seizure 62 36 (76.6%) 7 (46.7%) 0.0286 
Seizure with aura 53 23 (59.0%) 10 (71.4%) 0.4096 
Able to warn of incoming seizure 61 12 (25.5%) 5 (35.5%) 0.5060 
Per or post seizure respiratory disorder 55 21 (50.0%) 4 (30.8%) 0.2237 
Per or post seizure cardiac disorder 61 14 (29.8%) 2 (14.3%) 0.3177 
Per or post seizure mood disorder 54 12 (29.3%) 1 (7.7%) 0.1513 
Fall during seizure 61 30 (63.8%) 5 (35.7%) 0.0619 
Going into the ‘prone position’ during seizure 42 1 (3.1%) 2 (20.0%) 0.1359 
Repeated Seizure 62 20 (42.6%) 4 (26.7%) 0.2714 
Epilepsy surgery 62 4 (8.5%) 4 (26.7%) 0.0881 
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Supplementary figure 2: Power analysis, for an odds ratio of 2 
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SERMENT D’HIPPOCRATE 

 
 

En présence des Maîtres de cette école, de mes chers 

condisciples et devant l’effigie d’Hippocrate, je promets 

et je jure, au nom de l’Etre suprême, d’être fidèle aux lois 

de l’honneur et de la probité dans l’exercice de la 

médecine. 

 

 

Je donnerai mes soins gratuits à l’indigent et n’exigerai 

jamais un salaire au-dessus de mon travail. 

 

 

Admis dans l’intérieur des maisons, mes yeux ne verront 

pas ce qui s’y passe, ma langue taira les secrets qui me 

seront confiés, et mon état ne servira pas à corrompre les 

mœurs, ni à favoriser le crime. 

 

 

Respectueux et reconnaissant envers mes Maîtres, je 

rendrai à leurs enfants l’instruction que j’ai reçue de 

leurs pères. 

 

 

Que les hommes m’accordent leur estime si je suis fidèle 

à mes promesses. Que je sois couvert d’opprobre et 

méprisé de mes confrères si j’y manque. 
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RÉSUMÉ 

 
Intérêts: 

L’épilepsie représente la troisième maladie neurologique la plus fréquente en France. Une des 

complications tragiques mais possible de cette maladie est la mort soudaine inattendue dans 

l’épilepsie ou SUDEP (Sudden Unexpected Death in Epilepsie). Des progrès substantiels ont été 

faits ces 20 à 30 dernières années pour caractériser cet événement et de multiples facteurs de risque 

ont été identifiés. Cependant aucun marqueur unique et clair ne se dégage et des réticences existent 

à discuter du sujet avec les patients devant l’imprédictibilité de cet événement. Dans ce contexte, 

nous avons développé et validé un score de risque clinique de SUDEP chez les patients souffrant 

d’épilepsie focale & pharmaco-résistante afin d’identifier les patients les plus à risque et d’adapter 

leur prise en charge ainsi que la communication faîtes aux patients et à leur famille.  

Méthode :  

Etude cas-témoins, incluant des patients souffrant d’une épilepsie focale-pharmaco-résistante et 

étant potentiellement candidat à une chirurgie. L’analyse est réalisée via régression logistique 

multivarié couplé à de l’imputation multiple. Le modèle final est composé des variables les plus 

fréquemment conservées dans les modèles ayants le critère d’Akaiké minimum. Après validation 

interne du modèle par méthode de Bootstrap, un score de risque simplifié a été construit à partir 

des arrondis des estimations.  

Résultats :  

Sur 1110 patients analysés, 62 sont décédés de SUDEP. Les facteurs de risques principaux 

retrouvés étaient : la fréquence des crises secondairement généralisés, le fait d’avoir des crises la 

nuit ou en dormant et un antécédent de dépression tandis que la faculté de prévenir de l’arrivée 

d’une crise était un facteur protecteur. Après validation interne, le modèle développé possédait des 

capacités discriminantes élevé (AUC=0,85 ; IC95%: 0,80-0,91). Un score de risque, le SUDEP-

CARE est proposé avec un seuil de 3 ayant une bonne sensibilité (Se=82,2%; IC95%: 72,8-91,8) 

tout en gardant une bonne spécificité (Sp=81,4%, IC95%: 79-83,7). 

Perspective 

Ces résultats confirment le rôle primordial des crises généralisés ainsi que des crises ayant lieu 

durant le sommeil dans l’occurrence des SUDEP. C’est aussi la première étude à observer un 

rôle protecteur de la faculté à alerter de l’arrivé d’une crise. Le score SUDEP-CARE développé 

ici est prometteur et des travaux futurs viseront à le valider sur une population différente. 

Mots Clefs: 

SUDEP, facteurs de risque, Epilepsie, Score de risque, SUDEP-CARE, Cas-témoins 


