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Abstract

Sudden unexplained death in epilepsy (SUDEP) is

a sudden, unexpected, witnessed or unwitnessed,

nontraumatic and nondrowning death, occurring

in benign circumstances, in an individual with

epilepsy, with or without evidence for a seizure

and excluding documented status epilepticus

(seizure duration ≥30 minutes or seizures without

recovery in between), in which  postmortem exam-

ination does not reveal a cause of death. Lower di-

agnostic levels are assigned when cases met most

or all of these criteria, but data suggested more

than one possible cause of death. The incidence

of SUDEP ranged from 0.09 to 2.4 per 1,000 per-

son-years. Differences can be attributed to the age

of the study populations (with peaks in the 20-40

yr age group) and the severity of the disease.

Young age, disease severity (in particular, a histo-

ry of generalized tonic-clonic seizures), having

symptomatic epilepsy, and the response to AEDs

are possible independent predictors of SUDEP.

The pathophysiological mechanisms are not fully

known due to the limited data available and be-

cause SUDEP is not always witnessed and has

been electrophysiologically monitored only in few

cases with simultaneous assessment of respirato-

ry, cardiac and brain activity. The pathophysiolog-

ical basis of SUDEP may vary according to different

circumstances that make that particular seizure, in

that specific moment and in that patient a fatal

event. The main hypothesized mechanisms are car-

diac dysfunction (included potential effects of

antiepileptic drugs, genetically determined chan-

nelopathies, acquired heart diseases), respiratory

dysfunction (included postictal arousal deficit for

the respiratory mechanism, acquired respiratory

diseases) and postictal EEG depression.

KEY WORDS: epilepsy, SUDEP, incidence, patho-

physiological mechanisms.

Introduction

One of the first documented cases of sudden unexpect-

ed death in epilepsy (SUDEP) is that of Patsy Custis,

the stepdaughter to George Washington. Patsy, a 17-

year old woman, had long-standing epilepsy refractory

to the available medications. In a letter to a family mem-

ber, Washington gave a lucid and evocative picture of

his daughter’s death: “… She rose from Dinner about

four o’clock in better health and spirits than she ap-

peared to have been in for some time;soon after which

she was seized with one of her usual Fits, and expired

in it, in less than two minutes without uttering a word, a

groan, or scarce a sigh…” (1). The description of Patsy’s

death summarizes the main diagnostic criteria for

SUDEP, a fatal complication of epilepsy, which is de-

fined as the sudden and unexpected, non-traumatic and

non-drowning death of a person with epilepsy, without a

toxicological or anatomical cause of death detected dur-

ing the post-mortem examination. The mechanisms un-

derlying SUDEP are still poorly understood and the

causes seem to be multifactorial, including respiratory,

cardiac and cerebral factors, as well as the severity of

epilepsy and seizures. 

In this article, a comprehensive review of the literature

will be performed to illustrate the definition, frequency

and mechanisms of SUDEP. In doing so, published re-

ports will be critically appraised to define the current

state of knowledge, in light of the quality of each con-

tribution, to suggest preventive measures and indicate

the future directions of the research.

Definitions

Sudden unexpected death in epilepsy (SUDEP) is

“sudden, unexpected, witnessed or unwitnessed,

non-traumatic and non-drowning death in patients with
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epilepsy, with or without evidence for a seizure and

excluding  documented status epilepticus, in which

postmortem examination does not reveal a toxicologic

or anatomic cause of death” (2).

Annegers (3) explained the criteria as follows: 

Explanatory features for SUDEP diagnostic crite-

ria

1. The victim must have had epilepsy, defined as re-

current unprovoked seizures.

2. The victim died unexpectedly while in a reason-

able state of health.

3. The death occurred “suddenly” (in minutes), when

known.

4. The death occurred during normal activities (e.g.,

in or around bed, at home, at work) and benign cir-

cumstances.

5. An obvious medical cause of death was not found.

6. The death was not directly caused by the seizure

or status epilepticus.

The criteria included death with or without evidence of

seizure near the time of death, although many SUDEP

cases have evidence of a recent seizure by observa-

tion or clinical signs such as a bitten tongue or cheek.

Annegers classified also SUDEP in different cate-

gories based on the level of diagnostic accuracy: “Def-

inite SUDEP” includes cases meeting different criteria

(victim suffering from epilepsy, victim dying unexpect-

edly, death occurring suddenly, during normal activi-

ties and benign circumstances, no obvious cause of

death found, death not the direct cause of seizure or

status epilepticus) and having sufficient descriptions

of death and postmortem status;“Probable SUDEP”

refers to cases having no postmortem data;“Possible

SUDEP” includes cases having insufficient evidence

on the circumstances of death and no post-mortem

data available;“Unlikely/not SUDEP” refers to cases

having a cause of death clearly established, or to cir-

cumstances making SUDEP highly improbable.

According to Hauser (4), it is important to include in the

classification the category “unknown” to allow catego-

rization of individuals in whom information is insufficient.

Criteria for SUDEP were revised also by Leestma et

al. (5) and were as follows:

Revised SUDEP criteria

The criteria for SUDEP (definite or highly probable)

were as follows:

1. The subject had epilepsy, as defined by Gastaut

and the World Health Organization (WHO): “a

chronic disorder characterized by recurrent

seizures due to excessive discharge of cerebral

neurons”. Because all patients had chronic and

usually intractable epilepsy (according to their

physicians, who had prescribed one or more AEDs

for many years for their patients’ seizures), it was

assumed that Gastaut/WHO criteria were met.

2. The subject died unexpectedly while in a reason-

able state of health.

3. The fatal attack occurred “suddenly” .The complex-

ity of this definition was discussed. It was recog-

nized that the final ictus must occur precipitously

and unexpectedly, but that death might not occur

for several hours. Death may have occurred pre-

sumably from a seizure-associated cardiorespira-

tory arrest and its complications and not from sta-

tus epilepticus. Sudden collapse and death may

also have occurred without an observable seizure.

4. The death occurred during normal activities (e.g.,

at work, at home, in or around bed) in benign cir-

cumstances.

5. An obvious medical cause of death was not found.

(An exception would be the presence of sudden

cardiac arrhythmia, which may be related to the

mechanism of SUDEP. Death in water if the victim

does not show evidence of drowning may also be

attributable to SUDEP).

6. SUDEP was excluded in the presence of status

epilepticus or acute trauma in the setting of a

seizure.

The classification of ‘‘possible SUDEP” was assigned

when cases met most or all of these criteria for SUDEP,

but data suggested more than one possible cause of

death (e.g., deaths associated with seizures while in the

bath or swimming, or aspiration (confirmed or suspect-

ed) occurring concurrently with a seizure). It was recog-

nized that the classification of drowning deaths is diffi-

cult, and unless such deaths were witnessed or other in-

formation was available, a level of indeterminateness of

classification was appropriate. The ‘‘other (non-

SUDEP)” classification was assigned to cases in which

the criteria for SUDEP (definite or highly probable) or

possible SUDEP were not met and another obvious

cause of death had been established. The classification

“insufficient data” was assigned to cases that could not

be properly interpreted because of missing or ambigu-

ous data related to the circumstances of death or con-

current medical condition.

The proposed Unified SUDEP Definition and Classifi-

cation (6) contains nine main recommendations:

Unified SUDEP definition and classification

1. The word “unexpected”, and not the word “unex-

plained,” should be uniformly used in the term

SUDEP.

2. The SUDEP category should be applied when ap-

propriate, whether or not a terminal seizure is

known to have occurred. 

3. The “Possible SUDEP” category should be used

only for cases with competing causes of death,

with cases left unclassified when data are insuffi-

cient to reasonably permit their classification. 

4. Cases that would otherwise fulfil the definition of

SUDEP should be designated as “SUDEP Plus”

when evidence indicates that a preexisting condi-

tion, known before or after autopsy, could have

contributed to the death, which otherwise is classi-

fied as SUDEP (e.g., coronary insufficiency with

no evidence of myocardial infarction or long-QT
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syndrome with no documented primary ventricular

arrhythmia leading to death). 

5. To be considered SUDEP, the death should have

occurred within one hour from the onset of a

known terminal event. 

6. For status epilepticus as an exclusion criterion for

SUDEP, the duration of seizure activity should be

30 minutes or more.

7. A specific category of SUDEP due to asphyxia

should not be designated, the distinction being

largely impractical on circumstantial or autopsy ev-

idence, with more than one mechanism likely to be

contributory in many cases. 

8. Death occurring in water but without circumstantial

or autopsy evidence of submersion should be

classified as “Possible SUDEP”. If any evidence of

submersion is present, the death should not be

classified as SUDEP. 

9. A category of “Near-SUDEP” should be agreed to

include cases in which cardiorespiratory arrest

was reversed by resuscitation efforts with subse-

quent survival for more than one hour (6).

Summarizing, the new categories proposed by Nashef

et al. (6) are:

New diagnostic criteria for SUDEP

1. Definite SUDEP: sudden, unexpected, witnessed or

unwitnessed, nontraumatic and nondrowning death,

occurring in benign circumstances, in an individual

with epilepsy, with or without evidence for a seizure

and excluding documented status epilepticus

(seizure duration ≥ 30 minutes or seizures without

recovery in between), in which  post mortem exami-

nation does not reveal a cause of death.

1a. Definite SUDEP Plus: satisfying the definition

of Definite SUDEP, if a concomitant condition

other than epilepsy is identified before or after

death, if the death may have been due to the

combined effect of both conditions, and if au-

topsy or direct observations/recordings of ter-

minal event did not prove the concomitant con-

dition to be the cause of death.

2. Probable SUDEP/Probable SUDEP Plus: same as

Definite SUDEP but without autopsy. The victim

should have died unexpectedly while in a reason-

able state of health, during normal activities, and

in benign circumstances, without a known structur-

al cause of death.

3. Possible SUDEP: a competing cause of death is

present.

4. Near-SUDEP/Near-SUDEP Plus: a patient with

epilepsy survives resuscitation for more than one

hour after a cardiorespiratory arrest that has no

structural cause identified after investigation.

5. Not SUDEP: a clear cause of death is known.

6. Unclassified: incomplete information available; not

possible to classify.

If disagreement exists about which category fits a par-

ticular case, we suggest the use of consensus deci-

sion by a panel of informed reviewers to adjudicate

the classification of the case (6).

Methods of the review

The scientific literature on SUDEP was examined. The

databases used were MEDLINE (since 1966) and EM-

BASE (since 1974), searching for the key words “sud-

den unexpected death in epilepsy”, “epidemiology”,

“cardiac defects”, “electrodes”, “heart disease”, “risk

factor”, “focal myocytolysis”, “molecular mechanisms”,

“physiopathology” and in the Pubmed Clinical Queries

“sudden unexpected death in epilepsy”, “systematic

reviews”, “therapy”, “diagnosis” and “prognosis”. 

Incidence of SUDEP

The reported incidence of SUDEP varies significantly

depending on the study design, the level of diagnostic

certainty, the source of cases, and the size of the pop-

ulation at risk. The most representative estimates are

provided by community-based studies (Tab. 1) (2, 4, 5,

7-22). A total of sixteen studies have been examined.

Most studies were done in North America (USA or

Canada) followed by Northern Europe and Australia.

In two instances (four studies), the same population

was examined in two different periods. The predomi-

nant source of cases were the coroners’ archives

(10/15). National or local registries of patients with

epilepsy were the source of cases in the remaining

studies. In these latter cases, patients with definite,

probable or possible SUDEP were included. In most

studies the diagnosis of SUDEP was made with refer-

ence to Nashef (2) or Leestma (5). SUDEP cases

were identified retrospectively in the majority of stud-

ies. The observation period ranged from 1 to 40 years.

The number of patients with epilepsy ranged from 44

to 33,022 and the number of patients with SUDEP

from 1 to 66.The populations at risk (patients with

epilepsy) were reported in eight studies and calculat-

ed on the basis of the expected prevalence of epilep-

sy in the area in seven others. In community-based

studies, the incidence of SUDEP ranged from 0.09 to

2.4 per 1,000 person-years. Differences can be large-

ly explained by the study design and methods. Stud-

ies reporting the lowest rates were based on small

samples and newly diagnosed epilepsy (17), young

age at death (15), an unknown definition of SUDEP

(21), or a small sample with some unclassified cases

(7). On this basis, the most credible incidence of

SUDEP in a well-defined prevalent population ranges

between 1 and 2 cases per 1,000 person-years. In two

studies (7, 9) the incidence of SUDEP was compared

to the expected incidence of sudden death in the

same origin population. In the study by Ficker et al. (7)

the standardized mortality ratio (SMR) was 24 times

higher in epilepsy patients than in the general popula-

tion. Fairly similar values were found by Holst et al. (9)

who found an hazards ratio (HR) of 27.6 (95% confi-

dence interval 18.1-41.9) after adjustment for sex and

an HR of 16.3 (95% CI 9.8-26.9) after adjustment for

comorbidities. This indicates a strong independent ef-

fect of epilepsy on the risk of sudden death.

More variable, mostly higher SUDEP rates can be

A. La Neve et al.
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found in selected populations represented by patients

seen in secondary or tertiary referral centers, individ-

uals with drug refractory epilepsy, or patients included

in drug trials or surgery registers (Tab. 2) (2, 3, 5, 23-

40). Nineteen studies have been included. Only 1/4 of

studies have been done prospectively. The studies

were performed in the UK (6), USA (6), China (2), The

Netherlands (1), Sweden (1), or in other countries in

the context of drug developments programs (3). The

sources of cases varied across studies, being mostly

represented by the records of referral centers. The

number of patients with epilepsy ranged from 103 to

9,144. SUDEP cases ranged from 2 to 52. The lowest

incidence of SUDEP was found in patients with newly

diagnosed epilepsy (1.0 per 1,000 person-years) or

seen at the primary care level in China (0.2-1.0 per

1,000). Slightly higher rates (1.2-2.0 per 1,000 per-

son-years) were found among mixed populations in-

cluding newly diagnosed and chronic epilepsy pa-

tients. Even higher rates (2.5-3.4 per 1,000 person-

years) were found in patients with chronic epilepsy. In-

cidence rates ranging from 2.1 to 5.9 per 1,000 per-

son-years were found in patients with mental retarda-

tion and/or learning disabilities. Cohorts of patients

with refractory epilepsy (some of them participating in

drug development programs) incurred in SUDEP rates

ranging from 2.2 to 3.9 per 1,000 person-years and

surgical candidates from 2.2 to 9.3 per 1,000 person-

years. Although the differing rates within each catego-

ry at risk could be explained in part by the study de-

sign and methods, a correlation can be confirmed be-

tween the risk of SUDEP and the underlying disease

severity and its response to drug treatment.

In general, up to 17% of deaths in people with epilep-

sy can be attributed to (41), the highest fractions be-

ing found in patients with idiopathic/cryptogenic

epilepsies and/or no relevant comorbidity.

Incidence of SUDEP

1. In community-based studies, the incidence of

SUDEP ranged from 0.09 to 2.4 per 1,000 person-

years.

2. Differences in the incidence of SUDEP can be at-

tributed to the age of the study populations (with

peaks in the 20-40 yr age group) and the severity

of the disease.

3. Rates partly overlap across studies and periods of

time.

4. SUDEP is the result of the effects of disease-relat-

ed factors in individuals with genetically deter-

mined predisposition to cardiac arrhythmia or oth-

er structural or functional cardiac defects.

Risk factors

A number of patient and disease-related factors have

been investigated in patients died of SUDEP. These

include, among others, history of generalized tonic-

clonic seizures (presence and number), young age at

epilepsy onset, longer duration of epilepsy, male sex,

symptomatic aetiology of epilepsy, history of alcohol

abuse, number of antiepileptic drugs, selected drugs,

and low drug levels. The circumstances of death have

been also investigated. All putative risk factors were

assessed in the context of reports on the incidence of

SUDEP or in specifically designed case-control stud-

ies. The controls were represented by living patients

with epilepsy or by patients with epilepsy died of

known causes. Several reviews and meta-analyses

were also performed and are discussed here. Key

findings from the studies on the risk factors for

SUDEP are presented in Table 3 (8, 26, 42-49).

Walczac et al. (26) followed 4,578 patients in three

US epilepsy centers and found 20 SUDEP cases. For

each case, the Authors randomly selected four living

controls from the same centers. Occurrence of tonic-

clonic seizures, treatment with three or more AEDs,

and mental retardation were independent risk factors.

In a Swedish case-control study in adult patients with

epilepsy, Nilsson et al. (43) identified 57 SUDEP cas-

es among patients aged 15-70 years admitted in the

period 1980-89 in any hospital of the Stockholm

country, in Sweden. These patients were matched 1:3

to living epilepsy patients. In this study, SUDEP was

associated with an increasing number of AEDs, early

onset epilepsy and frequent changes of AED daily

dose. In a study done in the UK, Langan et al. (44)

studied 149 SUDEP cases, which were matched to

958 living controls. The risk of SUDEP was higher in

patients with a history of generalized tonic-clonic

seizures in the previous three months. Hitiris et al.

(46) reported 62 SUDEP deaths among 6,140 mostly

adult patients seen at the Epilepsy Unit of the West-

ern Infirmary in Glasgow, UK in a 23-year period.

These cases were matched 1:2 to living epilepsy con-

trols. Mean duration of epilepsy was significantly

longer in cases compared to controls and more cas-

es than controls had a seizure in the antecedent year.

All other putative factors were equally represented in

cases and controls. 

The data from these four case-control studies were

combined by Hesdorffer et al. (45) and the factors

found to be significant in the pooled analysis included

an increased frequency of generalized tonic-clonic

seizures, polytherapy, duration of epilepsy, young age

at onset, male gender, symptomatic etiology and treat-

ment with lamotrigine (LTG). In a subsequent com-

bined analysis of the three case-control studies with

data on both AEDs and generalized tonic-clonic

seizures, the authors found that, when adjusting for

generalized tonic-clonic seizures, none of the AEDs

considered in the studies were associated with an in-

creased SUDEP risk as monotherapy or polytherapy

(42).

In a comprehensive review of published reports, inte-

grated by some personal data, Hughes (50) investi-

gated the incidence and risk factors of SUDEP. The

author found 48 studies and scored each of the main

risk factors subtracting from the total number of stud-

ies the number of reports with negative or uneventful

findings. The most extensively investigated factor was

the number of seizures (19 studies, 14 of which with

positive findings). Subtherapeutic AED levels followed
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(positive 17/18). Other factors, in decreasing order,

were history of generalized tonic-clonic seizures

(10/12), young-adult age (11/11), polytherapy (7/11),

early onset of seizures (6/7), male gender (3/6), dura-

tion of epilepsy (5/6), mental retardation (4/5), alcohol

abuse (4/4), death on bed/floor (5/5), congenital neu-

rological defects (4/4) and exposure to carba-

mazepine (1/4). 

In a pooled analysis of risk factors, high frequency of

tonic-clonic seizures was related to high risk of

SUDEP (51). In a systematic review of published re-

ports of Montè et al. (48), also being in bed was shown

to be a strong risk factor for SUDEP. Weak risk factors

were prone position, one or more sub-therapeutic

blood levels, being  in the bedroom, having a structur-

al brain lesion and sleeping.

The role of AEDs in affecting the risk of SUDEP is con-

troversial. In the study by Aurlien et al. (8), the inci-

dence of SUDEP in patients receiving LTG was 3.9

per 1,000 patient-years, with an incidence rate ratio

(vs patients not exposed to LTG) of 8.6 (16.5 in

women). However, on autopsy six of the seven women

with SUDEP had inadequate or absent LTG levels

(52). The lack of control for generalized tonic-clonic

seizures has been indicated as a possible explanation

of the study findings.

In a meta-analysis by Ryvlin et al. (47), the Authors

compared patients randomized to AEDs at efficacious

doses to AEDs at not-efficacious doses and to place-

bo. “Efficacious” was intended as the antiepileptic po-

tency shown in randomized trials. Adjunctive therapy

with AEDs at efficacious doses was found to reduce

the incidence of SUDEP more than seven times com-

pared with placebo in patients with refractory epilepsy.

In the retrospective study of Kloster et al. (49), in

which the causes of deaths in an outpatient population

of a tertiary referral centre were reviewed, significant

risk factors were aetiology, high seizure frequency and

signs of seizure preceding death (Tab. 3). A prone po-

sition at death was seen in 71% of SUDEP patients

and sub-therapeutic AEDs concentrations were found

in 57% of 23/42 SUDEP patients for whom this infor-

mation was reported (49).

Risk factors for SUDEP

1. Young age, disease severity (in particular, a histo-

ry of generalized tonic-clonic seizures), having

symptomatic epilepsy, and the response to AEDs

are possible independent predictors of SUDEP.

2. The scarcity of the available data prevents any

study of interactions between different factors.

3. Although the number of AEDs can be considered a

proxy for the disease severity, one cannot exclude

that drugs themselves have an independent role.

Pathophysiological mechanisms

The pathophysiological mechanisms underlying

SUDEP are not fully known or understood (51, 53, 54).

This depends on the limited data available since

SUDEP is a rare event that is not always attested,
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whose electrophysiology is monitored in few cases

with regard to both respiratory and heart function as

well as cerebral electrical activity. Even when moni-

tored by video-EEG data are often incomplete due to

the lack of contemporary monitoring of the arterial

pressure and respiratory function, often evaluated ex-

clusively by visual observation of respiratory move-

ments. 

Moreover, heart activity monitoring is also generally

limited to a single electrocardiographic channel, which

may provide information about heart rate but not on

the morphology of the QRS complex;finally the elec-

trocardiographic track is often masked by movement

artifacts. In addition, SUDEP is temporarily related to

generalized tonic-clonic seizures only in certain cases

(49). Its pathophysiological causes may therefore vary

according to different circumstances that make that

particular seizure, in that specific moment and in that

patient, a fatal event. It can be assumed that the main

mechanisms are: heart, respiratory and postictal de-

pression (cerebral electrical shutdown). Each of these

mechanisms includes also subcategories such as: po-

tential effects of antiepileptic drugs, genetically deter-

mined channelopathies, acquired heart diseases that

may account for the heart mechanism and postictal

arousal deficit for the respiratory mechanism. 

Pathophysiological mechanisms

1. The pathophysiological mechanisms are not fully

known due to the limited data available and be-

cause SUDEP is not always witnessed and has

been electrophysiologically monitored only in few

cases with simultaneous assessment of respirato-

ry, cardiac and brain activity. 

2. The pathophysiological basis of SUDEP may vary

according to different circumstances that make

that particular seizure, in that specific moment and

in that patient a fatal event.

3. The main hypothesized mechanisms are cardiac

dysfunction (included potential effects of anti -

epileptic drugs, genetically determined chan-

nelopathies, acquired heart diseases), respiratory

dysfunction (included postictal arousal deficit for

the respiratory mechanism, acquired respiratory

diseases) and postictal EEG depression.

Heart mechanisms

There are experimental and clinical evidences that

acute seizures and chronic epilepsy may be associat-

ed with changes in heart functions that, in rare cases,

may lead to death. 

The acute involvement of the heart activity during

epileptic seizures is supported by anatomical and

functional links that connect cerebral districts (both

cortical and subcortical) to autonomic networks (55,

56). Upper brain areas, such as insular, orbitofrontal

and cingulate cortex, together with amygdala and hy-

pothalamus, exert descending control over the auto-

nomic neurons going towards the heart, as shown by

experimental (57-61), clinical and electrophysiological

(62-67), and functional neuroimaging (68, 69). The fi-

nal heart homeostasis depends on the balance be-

tween the two components of the autonomic nervous

system, the sympathetic and the parasympathetic,

which determine each ionotropic and chronotropic ef-

fects on the heart opposites, respectively positive and

negative.

This system of anatomical pathways creates a heart-

brain link, which constantly regulates the activity of the

cardiovascular system in response to every external

or internal stimulus and, intuitively, to any pathological

condition, which will severely affects the central nerv-

ous system, interfering with the optimal functioning of

this network (56).

The vegetative nervous system modulates heart activ-

ity and its nuclei/centers are likely to be involved dur-

ing the spread of epileptic seizures, resulting in the

appearance of peri-ictal autonomic cardiac symptoms

and/or signs (70-73). There is experimental evidence

for alterations in arterial blood pressure and heart rate

(59) and for a strong sympathetic activation (which be-

comes persistent after its stimulation or parasympa-

thetic resection) after repeated stimulation of the insu-

lar cortex and the amygdala (74, 75). 

The imbalance between the two vegetative compo-

nents or a dysfunction in the heart innervation of one

autonomic component represents a predisposing con-

dition leading to abnormal heart function and conse-

quently to sudden death (SD). It should be pointed out

that the literature has not shown unequivocal evi-

dence of a possible cerebral lateralization, that is to

say a different effect of the two hemispheres in the au-

tonomic cardiovascular control (75-87), and it has

been assumed that the intact connectivity of mesial

temporal structures, particularly the insula, of the two

hemispheres is essential for a balanced interhemi-

spheric and cardiovascular control (88). 

The most frequently involved autonomic conditions in

SD resulting from cardiac arrhythmia are said to be

secondary to an increase of the sympathetic tone, an

increase of the plasmatic concentrations of chateco-

lamines and a decrease of the vagal activity (74, 89-

91).  

The cardiac anomalies, which occurred in patients

with epilepsy during epileptic seizures, can involve

rate, rhythm and conduction. 

Heart mechanisms

1. The acute involvement of the heart activity during

epileptic seizures is supported by anatomical and

functional links that connect cerebral districts

(both cortical and subcortical) to autonomic net-

works.

2. The autonomic nervous system modulates cardiac

activity and its nuclei/centers are likely to be in-

volved during the spread of epileptic seizures, re-

sulting in the appearance of peri-ictal autonomic

cardiac symptoms and/or signs. 

3. The imbalance between the two vegetative com-

ponents (sympathetic and parasympathetic) or a
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dysfunction in the heart innervation of one auto-

nomic component represents a predisposing con-

dition leading to abnormal heart function and con-

sequently to sudden death. 

4. The most frequently involved autonomic condi-

tions in sudden death resulting from cardiac ar-

rhythmia are secondary to an increase of the sym-

pathetic tone, an increase of the plasmatic con-

centrations of catecolamines, and a decrease of

the vagal activity.

Tachycardia

The most frequently cardiac anomaly, which occurs in

adults and children during epileptic seizures, is the in-

crease of the heart rate. An ictal sinus tachycardia oc-

curred in 73-99% of epileptic seizures and in 92-100%

of patients with epilepsy and some of them subse-

quently died of SUDEP (64, 76, 85, 87, 92-99).

Sinus tachycardia seems to be particularly related to

generalized tonic-clonic seizures or focal seizures

with secondary generalization, to the duration of these

seizures and to their appearance in clusters (96, 100).

Tachycardia can occur immediately before (which

would exclude its relation with motor activities linked

to the same epileptic seizure) or at the same moment

of the appearance of an epileptic seizure and it can

last, after the seizure, for a few minutes or even a few

hours (86, 87, 99, 100). The appearance of other

seizures before the heart rate settles down could re-

sult in an incremental increase of heart rate and fatal

arrhythmia. Although sinus tachycardia is benign in

most cases (93), severe tachycardia at a higher rate

(>150 bpm) (100) and a slower recovery of the normal

heart rate in the post-acute phase (101) occur more

frequently during seizures of patients who subse-

quently died of SUDEP.

There is evidence that may explain how a cardiac dys-

function, such as sinus tachycardia, whose evolution

is generally benign when occurring during a single

epileptic seizure, can be potentially a predictive factor

of SUDEP in patients with recurring seizures because,

at some time of the patient’s life, it can evolve into

lethal arrhythmia. 

- First, epileptic seizures, particularly those general-

ized tonic-clonic and focal secondarily general-

ized, especially if of long duration, are associated

to an autonomic storm, which is frequently charac-

terized by an increase of the sympathetic tone as-

sociated with higher plasmatic levels of cate-

cholamines (102). 

- Second, there is experimental (59, 103) and clini-

cal (104, 105) evidence that sudden and acute

vegetative imbalances are associated with a high

risk of SD. Moreover, high levels of plasmatic cat-

echolamines have been proved to cause severe

micro damage to the myocardial tissue. If this

damage, which is initially transitory, occurs repeat-

edly, it may evolve into permanent structural dam-

age of the heart. As a matter of fact, high plasmat-

ic levels of catecholamines experimentally ob-

tained through direct infusion, stimulation of the

sympathetic centers such as the stellate ganglion,

or stress can be associated with reversible my-

ocardial lesions such as focal myocytolysis or fib-

rillary degeneration (59, 89, 106-108). Stimula-

tions of the nervous system, particularly the hypo-

thalamus, the limbic cortex, the mesencephalic

reticular formation and the sympathetic ganglion

have been also associated with focal myocytolysis

(108, 109). It has been pointed out that, in the

same experimental conditions, vagotomy and re-

moval of the adrenal gland do not prevent its for-

mation, consequently excluding in their genesis

the humoral or parasympathetic autonomic role in

favor of the sympathetic (108-110).  

- Third, post-mortem studies have confirmed that

reversible cardiac lesions such as vacuolating fo-

cal myocytolysis associated with interstitial edema

and irreversible cardial lesions such as foci of fi-

brosis occurred more often in patients who died of

SUDEP than in control groups (49, 111-117).

Multifocal vacuolating myocytolysis is a potentially re-

versible form of myocardial damage and though it may

be associated to transitory ischemic pain, is not to be

considered as cardiac necrosis (118, 119).

The occurrence of focal myocytolysis in patients who

died of SUDEP is consistent with the presumption that

an epileptic seizure, generating sympathetic hyperac-

tivity, would increase heart rate, cardiac output and

blood pressure. The myocardium demands an overall

higher oxygen level when any of these conditions oc-

curs (120). If this demand is not fully met, the my-

ocardium may suffer from an ischemic pain (121). The

activation of the autonomous nervous system can re-

sult in vasospasm of the coronary arterioles, finally

leading to cardiac ischemia (122). Concomitant hy-

poxia caused by central or obstructive sleep apnea

may worsen the patient’s condition.

In agreement with these observations, there is evi-

dence that epileptic seizures can be associated with

myocardial distress, as highlighted by the S-T seg-

ment depression in the ECG (111, 121, 123, 124),

which particularly correlates with generalized tonic-

clonic seizures and their duration (96) and by reports

of precordial pains during complex partial epileptic

seizures (125). 

Alehan et al. (126) also evaluated, in a pediatric pop-

ulation, biomarkers of cardiac ischemic injury such as

cardiac troponin I (cTnI) for myocardial necrosis, cre-

atine kinase-MB (CK-MB) and Brain-Type Natriuretic

Peptide (BNP) (126), which are two specific cardiac

proteins. Besides normal cTnI levels, the authors also

observed a statistically significant increase of CK-MB

and BNP plasmatic levels within 12 hours following a

generalized tonic-clonic seizure compared to a control

group. The same results were confirmed at a subse-

quent evaluation carried out 7 days after the ictal

event (126). Normal cTnI levels exclude an irre-

versible necrosis of myocardiocytes, but high levels of

BNP and CK-MB, which are biomarkers signaling tran-

sitory myocardial injury (127-130), are a sign of slight

cardiac dysfunction. The Authors concluded that the
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observed cardiac anomaly was likely related to the re-

current epileptic seizures because of the temporal re-

lation of its occurrence and the absence of cardiovas-

cular risk factors as the study concerned a pediatric

population.  

It is likely that patients with recurrent generalized

seizures be exposed to the risk of focal myocardial le-

sions that are first transitory, as it is the case of focal

myocytolysis, but may evolve over time into an irre-

versible focal fibrosis. Focal myocytolysis and cardiac

focal fibrosis, damaging the anatomic-functional uni-

formity of the myocardial tissue, may cause a predis-

position to cardiac arrhythmias such as atrial fibrilla-

tion, supraventricular tachycardia, bundle branch

block, ventricular or premature atrial depolarizations

(131, 132). Myocardial fibrosis is thought to be one of

the mechanisms leading to postinfarction ventricular

tachycardia (133, 134). Such anatomic-functional my-

ocardial condition, when associated with a specific in-

crease of the sympathetic tone as it occur during a

long secondarily generalized epileptic seizure, be-

cause of an increase of the circulating plasmatic

cathecolamines (102) or a direct autonomic stimula-

tion of the heart, may progress to a lethal tach-

yarrhythmia (96, 135).

This hypothesis is corroborated by the fact that pa-

tients suffering from neurological conditions (including

patients with epilepsy in the interictal phase) showed

ECG anomalies predictive of SD: QT prolongation,

late or premature ventricular potentials, ventricular

tachycardia and Q wave inversion (66, 90, 91, 100,

136). The risk for ECG anomalies is thought to be de-

pendent on the duration of the seizure (98). 

The literature has shown very few cases of monitored

tachyarrhythmias during SUDEP or near-SUDEP

(100, 134, 137, 138); among these cases, one patient

had antecedents of ischemic cardiac disease and an-

other had a first-degree AV block on the ECG, sug-

gesting that a structural cardiac pathology can be con-

sidered a predisposing factor.  

Literature reports indicate that in the event of SUDEP

or near-SUDEP, death or the need for intensive care

are rarely due to an ictal ventricular fibrillation (137,

138). In most cases with severe tachycardia, heart

rate does not gradually and regularly decrease, but

rather appears disturbed by irregular and sudden os-

cillations (64, 96, 138-140), suggesting that the final

condition which leads to death is a severe autonomic

instability. This condition could explain the lockstep

phenomenon, that is the synchronization of ictal and

interictal cortical seizures with cardiac postganglionic

sympathetic and unsympathetic seizures, especially in

its unstable pattern, which would cause a temporary

dispersion of recovery of ventricular excitability, result-

ing in an electric instability and finally in ventricular ar-

rhythmia (141-143). As a result of this, an irregular se-

ries of sudden variations of the heart rate in the pos-

tictal phase may indicate a risk marker for SUDEP.

Tachycardia

1. The most frequently cardiac anomaly, which oc-

curs in adults and children during epileptic

seizures, is ictal sinus tachycardia (IST). 

2. IST is particularly related to generalized tonic-

clonic seizures or focal seizures with secondary

generalization, to the duration of these seizures

and to their appearance in clusters. 

3. IST is benign in most cases;severe tachycardia at

a higher rate (>150 bpm)  and a slower recovery of

the normal heart rate in the post-acute phase oc-

cur more frequently during seizures of patients

who subsequently died of SUDEP.

4. Patients with recurrent generalized seizures seem

to be exposed first to the risk of focal transitional

myocardial lesions (focal myocytolysis) and then

to irreversible focal fibrosis that damage the

anatomic-functional uniformity of the myocardial

tissue;this condition may predispose to cardiac ar-

rhythmias (atrial fibrillation, supraventricular tachy-

cardia, bundle branch block, ventricular or prema-

ture atrial depolarization). 

5. Alternatively, the final condition which leads to

death could be a severe autonomic instability

linked to the lockstep phenomenon which would

cause a temporary dispersion of recovery of ven-

tricular excitability, resulting in an electric instabili-

ty and finally in ventricular arrhythmia. As a result

of this, an irregular series of sudden variations of

the heart rate in the postictal phase may indicate a

risk marker for SUDEP.

Bradycardia/bradyarrhythmia 

As part of the ictal/peri-ictal heart rate disease, brady-

cardia was observed by different Authors (96, 97, 99,

136, 144-147). However, it appears to occur less fre-

quently than tachycardia (64, 98, 148). It was found in

0.27-0.40% of patients who were monitored with

video-EEG (146, 149) or in <6% of patients with com-

plex partial seizures (96, 139, 148). However, a long-

term ECG monitoring study with implantable loop

recorder showed that 21% of patients had periods of

bradycardia or asystole. These, apart from one patient

with an atypical pattern of secondary generalization,

were observed during typical epileptic seizures, and

were usually associated with benign tachycardia (85).

During this study, bradycardia was usually an evolu-

tion of tachycardia, as previously reported (64, 138-

140). 

Although the value of this study is limited by the small

number of cases, the results suggest that periods of

bradycardia/asystole may occur more frequently than

previously thought and, for undefined reasons, espe-

cially in patients with a different ictal ECG pattern.

Nashef et al. (150) found 4 cases of bradycardia asso-

ciated with respiratory problems and hypoxia and as-

sumed that bradycardia was induced by a cardiorespi-

ratory reflex after activation of chemoreceptors by hy-

poxia.

Among all the studies shown in the literature that re-

port periods of reduction of heart rate leading up to

asystole during epileptic seizures, different patterns
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can be identified. For example, bradycardia which oc-

curs in the immediate postictal phase and which ap-

pears to be an evolution of cardiac anomalies, most

commonly tachycardia, can be considered an auto-

nomic breakdown phenomenon (64, 138-140) and

bradycardia associated with disorders of the respirato-

ry rhythm may cause hypoxia (150). There were also

reported cases of bradycardia directly associated with

the ictal electrical discharge, the so-called ictal brady-

cardia syndrome, in which the alteration of the cardiac

rhythm is supposed to be determined directly by the

action of the ictal activity on autonomic networks.

The ictal bradycardia syndrome, defined by Reeves et

al. is characterized by proved bradycardia or asystole,

which are temporally associated with an EEG ictal dis-

charge (144). In the cases shown in the literature, it is

usually associated with complex partial seizures,

rarely secondarily generalized, especially those of the

temporal lobe origin (64, 96, 99, 136, 145, 146, 151-

159). This does not seem to be a lateralized phenom-

enon (136, 145).  Indeed, according to some studies,

its onset is said to be associated with the bilateral

spread of the ictal discharge (136, 155, 159).  

Despite having available ECG and EEG data, the liter-

ature provides little information on the characteristics

of the cerebral electrical activity when bradycardia be-

gins. Moreover it is difficult to evaluate any possible

lateralized organization of cardiac control for different

reasons. One is the presence of a cerebral lesion that

may modify the functional anatomical organization of

the region; the other is the possibility of the discharge

to spread contralaterally; in most cases, the patient’s

dominance was not shown and, at last, the scalp EEG

is not always capable of detecting the involvement of

contralateral mesial temporal structures. Moreover, in

very few cases the respiratory activity was evaluated

during bradycardia/asystole and specifically no pO2

value was reported in any patient. Consequently, it is

not possible to exclude with certainty that the respira-

tory function may have a role in the initial slowing

down of the cardiac rhythm.  

Ictal bradycardia is potentially dangerous for patients

as it can progress to a terminal asystole (141, 160-

162); it would be important to identify markers, which

can be easily detected in clinical practice, to recognize

patients at risk and consider them for second level

cardiological screening and/or an implanted cardiac

pace-maker. Ictal bradycardia usually occurs in the

same patient in 40% of seizures (149, 163). Very

rarely seizures with and without bradycardia are se-

meiologically identical. In most of the cases, ictal

bradycardia/asystole coincides with a sudden atonia,

which is sometimes followed by short and bilateral my-

oclonic jerks in the arms; sometimes relapse is asso-

ciated with tonic posturing (145, 149, 163). 

The sudden loss of postural tone occurs usually dur-

ing a patient’s typical seizure after the appearance of

the first usual symptoms/signs, it is preceded by a few

seconds of asystole and is associated with the EEG

changes usually observed during cardiac arrest and

cerebral hypoperfusion. More rarely atonia appears as

the only clinical manifestation of a seizure. More often

it is associated with other, more frequent manifesta-

tions (149). Ictal asystole appears frequently some

years after the onset of epilepsy (149), probably be-

cause the anatomical circuits, which are involved in

the seizure, have changed. The appearance of atonia

in the course of a patient’s clinical history, complicat-

ing the sequence of symptoms/signs of their habitual

seizures, or inexplicable relapses can be considered

as an important clinical marker for ictal bradicardia/

asystole.

Bradycardia/bradyarrhytmia

1. Reported in 0.27-0.40% of monitored patients and

in <6% of patients with complex partial seizures; it

may occur more frequently. 

2. Most common occurrence: first, in the immediate

postictal phase as evolution of cardiac anomalies,

most commonly tachycardia;second, associated

with disorders of the respiratory rhythm involving

hypoxia;third, directly associated with the ictal

electrical discharge (ictal bradycardia syndrome). 

3. Ictal bradycardia syndrome (IBS) is usually asso-

ciated with complex partial seizures, rarely sec-

ondarily generalized, especially those of the tem-

poral lobe origin. 

4. IBS appears frequently some years after the onset

of epilepsy probably because the anatomical cir-

cuits, which are involved in seizures, have

changed.

5. In most of the cases IBS clinically coincides with

sudden atony;with respect to this, the appearance

of sudden loss of postural tone in the course of a

patient’s clinical history, complicating the se-

quence of symptoms/signs of their habitual

seizures, or inexplicable relapses can be consid-

ered important clinical markers for ictal bradicar-

dia/asystole.

Genetic factors

Cardiac abnormalities are frequently associated with

epileptic seizures;the incidence of SUDEP is very low

compared to the frequency of the seizures and it only

concerns a very small number of patients. It can be

assumed that some predisposing conditions exist

which make patients with epilepsy susceptible to de-

velop a terminal arrhythmic event during or immedi-

ately after an epileptic seizure.

Heart and brain are organs whose function is based

on the production of electrical potentials. Membrane

channels especially the voltage-gated sodium and

potassium channels play a fundamental role (164).

Genetic abnormalities of these channels can result in

cardiac and neurological diseases (164). 

Dravet syndrome is a drug-resistant epileptic syn-

drome, which occurs in the patient’s early years of life

and is characterized by a high mortality rate. Dravet

syndrome is associated with a high percentage of

anomalies of the SCN1A gene (165, 166). There have

been cases of patients with some epileptic syndromes
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belonging to the GEFS+, who died of SUDEP or have

a family history of SUDEP, where abnormalities of

sodium and potassium channels were found (167-

170). One of the patients suffering from GEFS+ had a

family history of SUDEP involving the maternal and

the paternal branch of the genealogic tree. 

These observations suggest that an active search of

SD in first-degree family members would allow the

identification of patients at potential risk of SUDEP,

who should undergo generic testing and cardiologic

screening.

Arrhythmogenic cardiac diseases in fact have been

associated with channelopathies and in particular mu-

tations of genes encoding the KCHQ/KCHN potassi-

um channel and the SCH sodium channel have been

associated with long QT syndrome, short QT syn-

drome and Brugada syndrome (164, 171, 172). 

In the recent years, there has been increased interest

in a possible association between epilepsy chan-

nelopathies and cardiac arrhythmias, such as long QT

syndrome (LQTS) (173). A ‘seizure phenotype’ was

recorded in about 30% unrelated patients from two in-

dependent cohorts with genetically confirmed (KCNH2

mutations) LQT2 (174). A recent post-mortem study

identified mutations in KCNH2 or SCN5A genes, all

previously associated to LQTS, in six out of 68 (13%)

SUDEP patients (175). Moreover, mutations in KC-

NH2, encoding the potassium channel hERG-1 (hu-

man ether-à-go-go-related gene-1) that generates the

rapid component of cardiac delayed rectifier potassi-

um current, have been recently reported in patients

with recurrent seizures and prolonged QTc interval

(176, 177). In addition, mouse lines bearing dominant

mutations in the Kv1.1 Shaker-like potassium channel,

associated to long QT syndrome type 1 in humans,

exhibit severe epilepsy and premature death (173,

177, 178). Finally, Partemi et al. (179) have recently

shown that, in a group of patients with epilepsy and

cardiac arrhythmic disease or family history with

SUDEP, 21% carried channelopathies related to the

SCN and KCN genes (179). 

Genetic factors

1. Predisposing conditions make patients with epilepsy

susceptible to develop a terminal arrhythmic event

during or immediately after an epileptic seizure. 

2. Membrane voltage-gated sodium and potassium

channels play a fundamental role in the production

of electrical cerebral and cardiac potentials. 

3. Genetic abnormalities of these channels can result

in neurological and cardiac diseases such as

epilepsy and sudden death. 

4. SUDEP may be the result of the effects of disease-

related factors in individuals with genetically deter-

mined predisposition to cardiac arrhythmia or oth-

er structural or functional cardiac defects. 

5. With respect to this, an active search of sudden

death in first-degree family members would allow

the identification of patients at potential risk of

SUDEP, who should undergo generic testing and

cardiologic screening.

Respiratory mechanism

Differently from the cardiac function, there is no evi-

dence of an interictal impairment of the respiratory

function in patients with epilepsy (180). Variations of

the respiratory function during a seizure were found in

some experimental studies, which were carried out in

animals (Tab. 4) (181-186) and in clinical studies on

adults and children who suffered from tachypnea

(187), apnea/hypopnea and/or hypoxia during or after

epileptic seizures (120, 138, 150, 188-196). The role

of the respiratory mechanism in the pathogenesis of

SUDEP was confirmed in SUDEP or near-SUDEP

cases, where an increased weight of the lungs was

observed, or pulmonary edema or congestion oc-

curred (10, 49, 197). 

Anatomical and functional links, which connect corti-

cal regions to autonomic centers of the brainstem,

seem to explain the involvement of the respiratory

function during an epileptic seizure. The stimulation of

the temporal pole, the insular cortex, the orbital sur-

face of the frontal lobe and the cingulate gyrus affect

respiratory movements in the monkey (198, 199).

These seem to influence cardiorespiratory function

through efferents directed, at the bulbar level, to the

nucleus of the solitary tract and the trapezoid nucleus,

which are also involved in baroreceptor and chemore-

ceptor reflexes (200, 201). The tracts descending from

the cortical regions toward the respiratory centers of

the brainstem are mainly ipsilateral (202).  

Tachypnea seems to be a benign sign; in contrast,

breath difficulties, bradypnea/apnea and/or desatura-

tion may play a potential role in the SUDEP (Tab. 5)

(44, 49, 120, 138, 150, 188-197). 

The available literature offers little evidence concern-

ing the cases monitored, as there have been very few

prospective studies and studies based on the analysis

of the respiratory function through a complete car-

diorespiratory monitoring with an evaluation of pO2

and pCO2. More frequently, the respiratory function is

evaluated visually by the expert. 

In relation to the circumstances and the details of the

event, witnesses of SUDEP reported a high percent-

age of breathing difficulties (44, 190). 

The patients monitored during a seizure suffered more

frequently from central or mixed apnea and less fre-

quently from obstructive apnea (150, 189, 191, 192,

196).

The role of mechanic obstruction would be consistent

with the signaling of a higher number of cases of

SUDEP in prone position, rather than in supine posi-

tion (49, 138). In prone position the nose or the mouth

may be obstructed because of their pressure on the

pillow. Some authors suggest that the prone position

is a weak risk factor for SUDEP (48). Only one case

with SUDEP was found, during an EEG-video monitor-

ing, to have a severe laryngeal-esophageal spasm,

which was considered to be the cause of death (203).

Ictal apnea and hypoxemia were mainly associated

with focal seizures originating from the temporal lobe

and the level of desaturation was found to be depend-

ent on the duration of the seizure (191, 193, 196), the
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contralateral spread of the seizure (194, 196), and the

younger age in a pediatric population (196). A recent

study analyzed retrospectively the electrophysiologi-

cal data of 16 SUDEP and 9 near SUDEP cases (138).

In 10 cases with SUDEP with available cardiac and

respiratory data, an initial postictal tachypnea pro-

gressed and evolved to a deterioration of cardiorespi-

ratory function which was characterized by apnea and

bradycardia within 3 minutes after the end of the

seizure. This event was terminal for 4/10 patients and

in the other 6 it progressed to a late cardiorespiratory

arrest after an initial recovery of the cardiac and res-

piratory function (138). It could be assumed that the

initial tachypnea results from the ictal hypoxia, which

was responsible for a neurovegetative alteration pos-

sibly leading to death, although the lack of data on

pO2 and pCO2 in this study cannot corroborate this

hypothesis. The Authors remarked that no patient in

prone position showed any sign of movement which

would have improved their position (138).   

Postictal immobility can play a role in the phys-

iopathology of the SUDEP (195). This observation

supports the protective role of supervision at night and

the importance, in a postictal phase, of simple inter-

ventions such as repositioning of patients or acoustic

and tactile stimuli (44). A longer postictal immobility

resulting in a postictal condition of arousal deficit may

be related impairment of the serotoninergic systems,

which stimulate part of the respiratory centers of the

brainstem involved in the breath regulation and part of

the arousal during hypercapnia (204, 205). A postictal

depression of the serotoninergic systems would com-

promise the reflex repositioning of the head in case of

upper airway obstruction caused by the prone posi-

tion. This hypothesis is supported by the observation

that the administration of SSRI to patients with epilep-

sy reduces the desaturation during a generalized ton-

ic-clonic seizure (206). A respiratory deficit, therefore,

when severe enough, could lead to SUDEP;there are

few available data to determine whether or not the

respiratory mechanism contributes with other mecha-

nisms to cause SUDEP. The studies showed a relation

between the extent of desaturation during a seizure

and the appearance of QT-interval anomalies (prolon-

gation or shortening) (207). This observation requires

caution as it opens up different possible scenarios.

Cardiac abnormalities may be the mechanism respon-

sible for death or may be the result of a respiratory im-

pairment, which is impossible to detect without ade-

quate cardiorespiratory monitoring. Therefore, the res-

piratory mechanism would act as the primum movens

of the cascade of events. Also hyperventilation,

caused by a primary respiratory event, could trigger a

fatal arrhythmia in a genetically predisposed patient. It

is also important to point out that there are no avail-

able data concerning the presence in patients, who

died of SUDEP, of pulmonary comorbidities such as

chronic obstructive bronchopneumopathy, emphyse-

ma, bronchial asthma and smoke addiction. 

Respiratory mechanisms

1. The acute involvement of the respiratory function

during epileptic seizures is supported by anatomi-

cal and functional links that connect cerebral dis-

tricts (both cortical and subcortical) to autonomic

networks.

2. The autonomic nervous system modulates respira-
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Table 4 - Respiratory mechanisms in SUDEP in animal studies. 

Author, year Study type Animal models Mechanism 

Venit, 2004 (181) Experimental study Three mouse strains: DBA/2J, 
B6SAS and primed 57BL/6J  

Oxygenation prevent fatal 
audiogenic seizure in each 
mouse strain  

Faigold, 2010 (182) Experimental study DBA1 mice Audiogenic seizures followed by 
sudden death associated with 
respiratory arrest 

Johnston, 1995 
(183) 

Experimental study Sheep Striking hypoventilation  
demonstrated in the sudden 
death group  

Johnston, 1996 
(184) 

Experimental study Sheep Postictal pulmonary edema in 
the sudden death group 

Johnston, 1997 
(185) 

Experimental study Sheep Central apnea in the sudden 
death group  

St.-John, 2006 (186) Experimental study Rats Seizures result in recurrent 
periods of obstructive and 
central apnea 

!
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Table 5 - Respiratory mechanisms in SUDEP. 
 

Author, year Design Sources of cases Mechanism Sources of clinical 
evidence 

Hewertson, 1994 
(188) 

Retrospective 
study 

Inpatients undergoing VET Decrease in SaO2 Data from EEG and 
oximetry 

Nashef, 1996 
(150) 

Prospective study Inpatient undergoing VET Hypoxemia, apnoea Data from VET, oximetry 
and plethysmography 

Walker, 1997 
(189) 

Prospective study Inpatients undergoing 
presurgical evaluation 

Central, mixed and 
obstructive (8%) apnea 

Data from EEG 
polysomnography 

Kloster, 1999 
(49) 

Retrospective 
study 

Died epileptic outpatients  Pulmonary oedema Clinical and pathological 
data 

Langan, 2000 
(190) 

Case-control study Coroners archives, British 
Neurological Surveillance Unit 
and charity “Epilepsy 
Bereaved” 

Difficulty in breathing Data from withnessed 

Blum, 2000 (191) Retrospective 
study 

Inpatients undergoing VET  Desaturation related to 
seizure duration 

Data from VET, oximetry 
and plethysmography 

So, 2000 (192) Case report Inpatient Apnoea Data from VET and 
oximetry 

O’Regan, 2005 
(120) 

Retrospective 
study 

Inpatients undergoing VET Decrease in SaO2 and 
respiratpry rate 

Data from VET, oximetry 
and plethysmography 

Langan, 2005 
(44) 

Retrospective 
case-control study 

Coroners archives, British 
Neurological Surveillance Unit 
and charity “Epilepsy 
Bereaved” 

Protective effect of 
nocturnal supervision 

Data from semistructured 
questionnaire 

Bateman, 2008 
(193) 

Prospective study Outpatient undergoing EEG 
polysomnography 

Desaturation related to 
seizure duration 

Data from VET and 
oximetry 

Seyal, 2009 
(194) 

Prospective study Inpatient undergoing VET with 
intracranial electrodes 

Desaturation related to 
controlateral spread 

Data from VET and 
oximetry 

Pezzella, 2009 
(197) 

Case-report Outpatient Bilateral pulmonary 
congestion  

Chest X-ray 

Ryvlin, 2013 
(138) 

Retrospective 
study 

Inpatients undergoing VET Complex cardiorespiratory  
dysfunction  

Data from VET and 
investigator observation 

Seyal, 2013 
(195) 

Prospective study Patients undergoing VET Reduced duration of 
respiratory disfunction by 
periictal interventions 

Data from VET 

Singh, 2013 
(196) 

Prospective study Inpatients undergoing VET Ictal apnoea/ipopneoea Data from VET, oximetry 
and plethysmography 

!

Table 5 - Respiratory mechanisms in SUDEP.
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tory activity and its nuclei/centers are likely to be

involved during the spread of epileptic seizures,

resulting in the appearance of peri-ictal autonomic

respiratory symptoms and/or signs.

3. Tachypnea is a benign sign;in contrast, breath dif-

ficulties, bradypnea/apnea and/or desaturation

may play a potential role in the SUDEP;central or

mixed apnea is more frequent than obstructive ap-

nea. 

4. A longer postictal immobility caused by a postictal

condition of arousal deficit may worsen desatura-

tion. 

5. Ictal apnea and hypoxemia are mainly associated

with focal seizures originating from the temporal

lobe and the level of desaturation is found to be

dependent on the duration of the seizure, the con-

tralateral spread of the seizure and the younger

age in a  pediatric population. 

6. Patients monitored during a seizure and available

data offers little evidence concerning the respirato-

ry function through a complete cardiorespiratory

monitoring with an evaluation of pO2 and pCO2.

7. There are few data to determine whether or not the

respiratory mechanism contributes with other

mechanisms to cause SUDEP and there is no evi-

dence concerning the presence in patients with

pulmonary comorbidities who died of SUDEP.

Postictal generalized EEG suppression (cerebral

electrical shutdown)

The third mechanism, which is thought to be involved

in the SUDEP, is the prolonged postictal generalized

EEG suppression (PGES). Lhatoo (208) defined this

condition as a generalized reduction of the cerebral

EEG activity which goes below 10 uV in amplitude and

whose observation is not affected by muscle, move-

ment, respiratory or electrode artifacts. The author re-

marked, while evaluating retrospectively the EEG pa-

rameters of the patients who died of SUDEP, that

these had a significantly longer PGES than the control

group (208). 

PGES was found in a series of case-reports and stud-

ies on monitored SUDEP and near-SUDEP (192, 206,

208-215) and it was shown that the risk of SUDEP

would increase by 1.7% with every second of increase

of PGES (208).

PGES has been associated with generalized tonic-

clonic seizures rather than complex partial seizures

(208, 212-216) and is positively correlated with the du-

ration of the seizure (208), especially in its tonic phase

which has been identified as an independent predictor

of PGES (214). 

Some authors pointed out some correlations with pos-

tictal arousal deficit (214, 217) and the level of desat-

uration and hypercapnia during the seizure, but not

with disturbances of the respiratory rate. This confirms

the hypothesis that PGES is related to a specific pul-

monary dysfunction rather than to an inhibition of the

bulbar respiratory centers (213).

The mechanisms which trigger PGES are not well de-

fined;suppression EEG activity directly related to hy-

percapnia and acutely generated hypoxia has been

impheated (218-221) or to cortical spreading depres-

sion phenomenon (222, 223). 

The role that PGES plays in SUDEP needs to be con-

firmed. It is uncertain whether postictal arousal deficit,

found in some patients, can be related to the duration

of PGES or whether PGES, associated with a deficit of

serotoninergic systems which are responsible for the

arousal, can have a role in causing SUDEP.

Cerebral Electrical Shutdown (CES)

1. CES is the prolonged postictal generalized EEG

suppression (PGES) below 10 uV in amplitude and

whose observation is not affected by muscle,

movement, respiratory or electrode artifacts. 

2. Post-ictal generalized EEG suppression has been

associated with generalized tonic-clonic seizures

rather than complex partial seizures and is posi-

tively correlated with the duration of the seizure,

especially in its tonic phase which has been iden-

tified as an independent predictor.  

3. The mechanisms which trigger PGES are not well

defined and its role in SUDEP needs to be con-

firmed.

How to prevent SUDEP

Shankar et al. (224) wrote an evidence based safety

checklist in which some risk factors could be modified

in order to prevent SUDEP events: severity of

seizures, number of AEDs, compliance with treatment,

frequent AED prescribing changes, sub-therapeutic

AED levels, use of lamotrigine and/or carbamazepine,

alcohol addiction, treatment for depression and anxi-

olytic medications (modifiable factors), no surveillance

at night, prone position, failed assessment for epilep-

sy surgery (moderate risk-modifiable factors), high

seizure frequency with special reference to tonic-

clonic seizures (established risk-modifiable factors)

(224).

Verma and Kumar (225) wrote about possible preven-

tive measures (see the box below).

1. Minimize the risk of generalized tonic-clonic

seizures (GTCS) with optimal medical manage-

ment and patient education.

2. Reduce the risk of GTCS-induced postictal respi-

ratory distress by use of lattice pillow, provide

nocturnal supervision, reinforce interictal seroton-

ergic tone, and lower opiate- or adenosine-in-

duced postictal brainstem depression. 

3. Patients at high risk must be supervised during

the night through attendance or use of alarms. 

4. After a tonic-clonic seizure continuous attendance

until full consciousness is restored and call emer-

gency services for high-risk seizures are recom-

mended. 

5. Identify and avoid trigger factors for seizures.
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6. Full adherence with and avoidance of sudden

changes in the taking of medication. 

7. Improve seizure control and possibly avoid poly-

therapy.

8. Epilepsy surgery, vagal nerve stimulation, and di-

etary management (e.g., ketogenic diet and

omega-3 supplementation) to be considered. 

9. Owing a pet. 

10. Monitoring devices that claim to detect seizure-

like movement in bed or changes in breathing,

heart rate or blood oxygen levels, to trigger an

alarm. 

11 Based on data from a mice model, treatment with

antidepressants of the selective serotonin-reup-

take inhibitor type could reduce the risk of SUDEP

by prevention of postictal respiratory arrest (225).

To prevent or modify these risk factors and reduce

SUDEP events, the caring physician should discuss

them with the patient and the family. A pilot study on

this topic was performed (226), but further research is

needed. In this study, 28.35% of the respondents

claimed that SUDEP should be discussed with all or

almost all their patients. Patients’ reaction after

SUDEP discussion was emotional and negative

(73.8%). Physicians decided to give information about

SUDEP because of specific clinical situations or ther-

apeutic choices (47%), but other reasons included pa-

tient’s request, nonclinical reasons, ethical or deonto-

logical issues (226). Also for Kruja and Vyshka (227)

disclosing the risk of SUDEP is necessary; however,

the action should be personalized and situation-relat-

ed, using a more helpful and psychologically accept-

able step-by-step approach (227).

In the U.S. and Canadian survey of Friedman et al.

(228), neurologists rarely discuss SUDEP with pa-

tients or caregivers. More experienced neurologists

encounter less negative reactions and they could min-

imize patient/caregiver distress (228). A UK study

(229) involving child neurologists showed that 93% of

interviews provided SUDEP information, with 20% giv-

ing this to all patients. 63% of neurologists preferred

to provide information to children with intractable

epilepsy, 30% preferred to inform about SUDEP at di-

agnosis whereas 50% only when seizures become in-

tractable. 91% of parents wanted to know about it at

diagnosis (74%) or when seizures were poorly con-

trolled (16%); the remaining parents were not sure

about receiving information or they did not want to

know about SUDEP (229). The Authors concluded that

the best way to provide SUDEP information is through

discussion with the parents followed by giving an in-

formation leaflet.

Brodie and Holmes (230) had different positions about

SUDEP discussion: the first Author wrote that all pa-

tients and their families have the right to know about

the risk of epilepsy and the reasons for treatment;the

second believed in a more individualized approach

that it is not necessary to discuss about SUDEP with

all patients but only with those at higher risk. This is-

sue is still unsettled.   

Conclusions

SUDEP is a rare event, not always observed by wit-

nesses and poorly monitored with reference to respi-

ratory, cardiac and electrophysiological activities, and

it represents the effect of disease-related factors in

subjects genetically predisposed to cardiac defects. In

line with the reports on the incidence of SUDEP,

young age, disease severity (GTCS), symptomatic eti-

ology and response to AEDs are negative predictors.

Seizures and epilepsy can affect the cardiac function

and in particular frequency, rhythm and conduction.

Also, cardiac abnormalities are in relationship with

epileptic seizures but a lower number of SUDEP cas-

es has been observed in these patients. Seizures can

also modify the respiratory function through tachyp-

nea, apnea/ipopnea and hypoxia and SUDEP was ob-

served in patients with increased lungs’ weight, ede-

ma and pulmonary congestion. Prone position is con-

sidered a risk factor for SUDEP. Cardiac defects may

be responsible for death or may be the result of an im-

paired respiratory mechanism that may act as a trig-

ger. Another mechanism that can be involved is pro-

longed PGES, but its role in SUDEP is still to be con-

firmed.

Regarding SUDEP prevention, a safety checklist was

written, but the discussion about SUDEP with patients

and families remains an unsolved issue.
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