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ABSTRACT

Introduction: Sudden unexpected deaths comprise the most
important and worthy investigation case profiles in both neurology
and forensic medicine. Epilepsy, which is one of the neuropathological
causes of sudden unexpected deaths, is an important disorder having
mysterious aspects. The aim of this study is to make common the
points of view between neurology and forensic medicine experts and
to discuss the features of the findings together with the related clinical

epileptic focus was present in 23 (20.5%) of these | 12 cases. The cause
of death was determined to be SUDEP in 40 (35.7%) cases, while it could
not be determined in 28 (25%) cases. Among patients whose death
cause was considered as SUDEP, the male-to-female ratio was |I.1:1,
while the mean age was 3 1.5+ 13.9 years in males and 29.6+12.9 years in
females. The presence of hypertrophy and myocardial scar tissue findings
in the microscopic examination were significantly more frequent among

hypotheses, leading to the differential diagnosis of sudden unexpected
death in epilepsy (SUDEP) by presenting autopsy findings and available
medical data of patients who had a prior diagnosis of epilepsy.

patients determined to have died from cardiovascular diseases compared
to patients in the SUDEP group (p=0.001 for each finding). Besides, in 40
SUDEP cases, 38 (95%) patients underwent toxicological analysis and no

1 H 1 H O,
Methods: In Istanbul, the cases of 20334 autopsied patients who antiepileptic agent was detected in 21 (55.3%) of these.

were referred to The Ministry of Justice Council of Forensic Medicine
between 2007 and 201 | were identified from the complete forensic
autopsy data of the city and were retrospectively reviewed. Patients
who had a prior diagnosis of epilepsy were included. Both descriptive
and inferential statistical analyses were performed through the
parameters of demographical data, physical properties, incident
features, macroscopic—microscopic autopsy findings, and cause of
death initially for all cases and then separately for SUDEP cases.

Conclusion: [t can be concluded that there is equality in gender
distribution among SUDEP patients, that the young adult population
has a slightly increased risk for SUDER, and that the inconsistent use of
antiepileptic medicines is a greater risk factor for SUDEP than polytherapy.
Besides, it is important to emphasize that all clinical and postmortem
parameters together should be considered for the differential diagnosis
of SUDEP particularly with cardiovascular diseases.

Keywords: Epilepsy, sudden unexpected death in epilepsy, autopsy,
antiepileptics

Results: Among the 20334 patients, | 12 were determined to have a
prior diagnosis of epilepsy. A possible macroscopic and/or microscopic
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INTRODUCTION

Sudden unexpected deaths comprise the most important and worthy investigation case profiles in both neurology and forensic medicine.
Epilepsy, stroke, intracranial space-occupying lesions (tumors or colloidal cysts), infections (cerebral abscess or acute meningitis), and inflam-
matory or metabolic diseases affecting the nervous system are among the neuropathological causes of sudden unexpected deaths (1).

Epilepsy is caused by various reasons and is characterized by recurrent and unforeseen interruptions of normal brain function (2). Epileptic
patients have an increased mortality risk compared to the normal population (3). In various studies, the mortality risk of epileptic patients has
been reported to be 2—4-times higher than normal individuals (3,4,5,6).

Death can be a direct result of an epileptic attack itself or a result of secondary unnatural causes such as trauma or drowning in epileptic
patients. Sudden and unexpected death of an epileptic patient includes deaths that do not occur as a consequence of a secondary cause.
Sudden epileptic attacks have been reported to be responsible for 2—17% of deaths among epileptic individuals (7,8).

In the 1990s, sudden unexpected death in epilepsy (SUDEP) was defined using similar criteria in different reports. The common criteria in
these reports can be listed as follows: sudden and unexpected character of death in the presence or absence of any witness, absence of
any trauma or drowning history, no toxicological and anatomical diagnostic evidence explaining death in the autopsy, and exclusion of status
epilepticus (SE) (9,10). The presence or absence of any finding indicating a seizure at the time or just prior to death is not considered as a
criterion for the definition of SUDEP (3). Nashef et al. (I ) described six categories to classify deaths of epileptic patients: definite SUDEP/
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definite SUDEP plus, probable SUDEP/probable SUDEP plus, possible
SUDEP, near-SUDEP/near-SUDEP plus, not SUDEP, and unclassified.

The aim of this study is to present autopsy findings and available medical
data of patients who had a prior diagnosis of epilepsy to make common
the points of view among neurology and forensic medicine experts and
to discuss the features of the findings together with the related clinical
hypotheses, leading to the differential diagnosis of SUDEP.

METHODS

Sampling

In Istanbul, the cases of 20334 autopsied patients who were referred to
The Ministry of Justice Council of Forensic Medicine between 2007 and
2011 were identified from the complete forensic autopsy data of the city
and were retrospectively reviewed. Patients who had a prior diagnosis of
epilepsy were included.

Data Collection Tools and Implementation

Autopsy findings and medical data were collected from autopsy reports
and judicial documents available in the archive files. Although designed
as a retrospective study with no identification data, it is out of the scope
of the informed consent doctrine; all procedures in the study were per-
formed after obtaining ethical and scientific approval of The Ministry of
Justice Council of Forensic Medicine dated 12/03/2013, No. 132 and in
line with the 1964 Helsinki declaration including its later amendments.
For case classification, initially, all epileptic patients were evaluated through
the parameters of demographical data, incident features, macroscopic—
microscopic autopsy findings, and cause of death. Causes of deaths were
classified in five groups as SUDEP cardiovascular disease, other natural
causes, unnatural causes, and undetermined. Then, SUDEP patients were
separately evaluated through the same parameters. SUDEP criteria used
in our study included sudden and unexpected death character regardless
of the presence of a witness or its association with the attack, exclusion of
SE, and other toxicological-anatomical causes of death.

Statistical Analysis

Collected data were analyzed through both descriptive (mean, standard
deviation, median, frequency, rate, and minimum and maximum) and in-
ferential (Fisher—Freeman—Halton and Yates' continuity correction tests)
statistic methods in NCSS 2007 (Kysville, Utah, USA). Significance was
determined to be p<0.0l and p<0.05. Patients for whom cause of death
could not be determined were excluded from inferential statistical analy-
ses. Interpretations of the results were performed as SUDEP versus non-
SUDEP patients, SUDEP versus cardiovascular disease patients, SUDEP
versus all patients, or directly as a comparison with the literature accord-
ing to the clinical feature of the parameter evaluated.

RESULTS

Among the 20334 cases of autopsied patients, | |2 were found to have a
prior diagnosis of epilepsy. At first, all | 12 patients who had a prior diag-
nosis of epilepsy were used in the classification to see the general picture
of epileptic patients through our parameters and to discuss the picture in
comparison with SUDEP cases. Then, results of the SUDEP cases were
calculated and separately presented.

Data for All Patients with a Prior Diagnosis of Epilepsy
Seventy-four (66.1%) patients were males, whereas 38 (33.9%) were fe-
males, a ratio of |.9:1. The mean age was 34.2+15.8 (range 0—87; median
33) years, whereas it was 36.0£17.4 years in males and 30.9% | .4 years in
females. When the annual incidence was evaluated, the highest number of
cases (n=30, 26.8%) was observed in 2010.
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Although not specific to epileptic attacks, findings such as abrasions, ec-
chymoses, or any scars on the anterior—lateral surfaces of the extremity
joints or on the protruding areas of the head, froth at the mouth-nose,
petechial bleeding foci in conjunctivas, and lacerations on the tongue were
considered to be supportive details for a possible epileptic attack. These
findings were observed in 63 (56.3%) cases. Detailed examination of the
tongue was performed in 64 (57.1%) patients. Of these, old and new
lacerations were found in 22 (19.6%) cases.

Findings obtained from the macroscopic and microscopic examination of
the brain were classified in five main groups as yellow—brown plaques,
space-occupying lesions, edema, infection, hemorrhagic areas, and insignif-
icant findings. A possible epileptic focus was present in 23 (20.5%) cases.
Of these, the focus was observed only macroscopically in seven (6.3%)
cases, only microscopically in nine (8.0%), and both macroscopically and
microscopically in seven (6.3%) (Table ). In the macroscopic examina-
tion, edema was observed in 56 (50.0%) cases and findings suggestive of
hemorrhage in 12 (12.5%), while no remarkable finding was observed
in 36 (32.1%) cases. Likewise, the microscopic examination of the brain
revealed edema in 26 (23.2%) cases, hemorrhage in 16 (14.3%), and in-
fection in 5 (4.5%), while no diagnostic feature was found in 56 (50.0%)
cases (Table 2). Examination of the lungs revealed hypoxic findings such
as subpleural petechiae on the interlobar surfaces in 47 (42.0%) cases.
Edema was observed in 77 (68.8%) cases and interstitial hemorrhage in
14 (12.5%) (Table 3).

In our department, the hearts were weighed as a whole without sepa-
rately detaching any chamber. The ascending aorta and pulmonary artery
were removed at the level of 2 cm above the valves. The inferior vena
cava and each pulmonary vein were removed at the level of the pericar-
dium border; and the superior vena cava was removed at the level of the
right atrium border. The hearts were weighed after routinely opening the
heart in the direction of blood flow to remove any possible postmortem
clot. Heart weights obtained in this manner were over the expected val-
uesin 69 (61.6%) of the | 12 cases according to the expected heart weight
charts reported by Zeek et al. and Kitzman et al. (12,13). Histological
examination of the hearts revealed hypertrophy in 41 (36.6%) cases, and
findings from myocardial tissues are presented in Table 4.

Toxicological analysis was not performed in seven (6.3%) cases accord-
ing to our autopsy protocols, which mention that toxicological analysis
is not mandatory if there is a long inpatient treatment after a battery or
falling from a height incident. Among the 105 (93.8%) cases for which
toxicological analysis was performed, antiepileptics were positive in 44
(41.9%) (Table 5). Only one antiepileptic agent (monotherapy) was
detected in 35 cases, while multiple antiepileptic agents (polytherapy)
were detected in nine cases (Table 6). Antiepileptics with ureit struc-
ture were the most frequently detected medicines (n=23) among 44
cases. Besides, only barbiturates were detected in four cases, only hy-
dantoins were detected in five cases, and both barbirurates and hydan-
toins were detected in six cases.

Table |. Determination of an area suggestive of a possible epileptic
focus in the macroscopic and microscopic examination of the brain

Presence of an area Macroscopic

suggestive of a possible

epileptic focus Yes No Total

Microscopic Yes 7 9 6
No 7 0 7

Total 14 9 23
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Table 2. Potential epilepsy-related macroscopic and microscopic
findings of the brain

Macroscopic Evaluation n %

Epileptic suspicious area 9 8.0
Edema 52 464
Hemorrhage 9 8.0
Infection 0 0.00
Epileptic focus? +Edema 3 2.7
Epileptic focus!+Hemorrhage 2 1.8
Edema+Hemorrhage | 09
Unremarkable 36 32.1
Total 12 100
Microscopic Evaluation

Epileptic focus suspicious area I5 3.4
Edema 19 7.0
Hemorrhage 10 8.9
Infection 5 4.5
Epileptic focus!+Edema I 0.9
Edema+Hemorrhage 6 54
Unremarkable 56 50.0
Total 12 100

Table 3. Macroscopic and microscopic pulmonary findings supporting
the diagnosis of SUDEP

Macroscopic Evaluation n %

Subpleural petechiae 16 4.3
Edema 39 34.8
Interstitial hemorrhage 4 3.6
Subpleural petechiae+Edema 28 250
Subpleural petechiae+Edema+ 3 2.7
Interstitial hemorrhage

Edema-+Interstitial hemorrhage 7 6.3
Other 15 13.4
Total 12 100
Microscopic Evaluation n %

Edema 63 56.3
Hemorrhage 15 3.4
Edema+Hemorrhage 12 0.7
Other 22 19.6
Total 112 100

Classification based on the circumstances surrounding death revealed that
a witness was present at the time of death in 52 (46.4%) cases, while 41
(36.6%) patients were found dead without any witness present at the time
of death. Incidents resulting in death were not strongly suggestive of epilep-
sy (i.e, fall from a height, traffic accident, battery, hanging, suicide, intoxica-
tion, food aspiration, or burns) in 15 (13.4%) cases. No information about
the incidence resulting in death could be acquired in four (3.6%) cases.

Data for Only SUDEP Cases
Classification based on the causes of deaths revealed that 40 (35.7%)
patients were determined to have died from SUDEFR 14 (12.5%) from
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Figure |. Causes of deaths determined through postmortem investigation

cardiovascular diseases, 10 (8.9%) from other natural diseases, and 20
(17.9%) from unnatural causes. The cause of death could not be deter-
mined in 28 (25%) cases (Figure 1).

When patients determined to have died from SUDEP (n=40, 35.7%) were
separately evaluated, the mean age was found to be 30.6£13.3 years (range
|—60 years; 31.5+13.9 years among 2| males and 29.6412.9 years among 19
females). The mean age of patients determined to have died due to cardio-
vascular diseases (n=14, 12.5%) was found to be 44.4£13.1 years.

No information was obtained regarding the type of epileptic attacks, ei-
ther from medical documentation or witness statements. Classification
based on circumstances surrounding death for the SUDEP cases revealed
that 21 (52.5%) patients were found dead without any witness present
at the time of death. Of these, 18 (40%) were found at home, two (5%)
were found outside, and one (2.5%) was found at the workplace. Of the
|8 patients found at home, five were found dead on the bed. When the
other 19 (47.5%) cases were evaluated, it was seen that there were insuf-
ficient data for three (7.5%) of these cases; the remaining 16 (40%) cases
were reported to have died either at home or on the way to hospital due
to their current illness. Thus, it was concluded that there was a witness to
death in these |6 patients.

External examination findings supportive of a possible epileptic attack
were observed in 29 (72.5%) SUDEP cases.

The macroscopic and microscopic examination of the lungs and the brain
revealed brain edema in 24 (60%) and pulmonary edema in 37 (92.5%)
SUDEP cases. All patients having brain edema (n=24, 60%) also had pulmo-
nary edema. Solitary pulmonary edema was observed in |3 (32.5%) cases,
and neither pulmonary nor brain edema was observed in three (7.5%).

In 19 (47.5%) SUDEP cases, the hearts were overweight, while the heart
weights were statistically significantly higher among patients determined to
have died from cardiovascular diseases than among those in the SUDEP
group (p=0.002). Histological examination of these hearts revealed hyper-
trophy in | | cases. Hypertrophy and other histological findings of myocardi-
al tissues for patients determined to have died from SUDEP are presented
in Table 4 together with the findings of the cardiovascular disease group.
The presence of hypertrophy and myocardial scar tissue findings in the mi-
croscopic examination were significantly more frequent among patients de-
termined to have died from cardiovascular diseases than among those in the
SUDEP group (p=0.001 for each finding). Besides, the severe hypertrophy
ratio was 85.7% among patients determined to have died from cardiovas-
cular diseases, while the presence of at least one of the myocardial findings
(i.e., microscopic hypertrophy, fibrosis, or myocardial scar tissue) and at least
two myocardial findings together were significantly more frequent among
patients determined to have died from cardiovascular diseases than among
those in the SUDEP group (p=0.001 respectively).
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Table 4. Histological examination of myocardial tissues

All cases (n=112)

n (%)

Heart weight

Normal 43 (384)

Overweight 69 (61.6)
Hypertrophy

Severe 31 (27.67)

Mild 10 (8.92)

Absent 71 (63.39)
Fibrosis

Severe 26 (23.21)

Mild-Moderate 12 (10.71)

Absent 74 (66.07)
Scar Tissue

Focal 5 (4.46)

Moderate 6 (3.35)

Absent 101 (90.17)
At least one finding 62 (55.35)
At least two findings 26 (23.21)
All findings together 3 (2.68)

“Yates' Continuity Correction Test, *Fisher—Freeman—Halton Test, **p<0.01

Table 5. Monotherapy—polytherapy status of all cases

Cause of Death No analysis Not detected

SUDEP 2 21
Cardiovascular - Il
Other natural 3 3
Unnatural 2 9
Undetermined 0 17
Total 7 6l

In 21 (55.3%) SUDEP cases, toxicological analysis revealed no antiepilep-
tic agent, while it was not performed in two cases. Active substances of
antiepileptic agents were detected in |7 (44.7%) cases. In addition, there
was no statistically significant difference between the treatment status-
es of patients determined to have died from cardiovascular diseases and
those from SUDEP The distribution of treatment statuses and detected
antiepileptic agents are presented in Table 5 and Table 6.

DISCUSSION

Cause of deaths related to epilepsy can be classified into three main cate-
gories: (I) exacerbation of an underlying disease (cerebrovascular diseases,
intracranial space-occupying lesions, etc.) inducing epilepsy, (Il) exacerba-
tion of a previous disease that does not induce epilepsy (infections, etc.),
and (lIl) epilepsy directly causing the death (SE, accidents occurring during
an attack, etc.) (14,15,16). To consider an epileptic attack as SE, repeated
and continuing seizures should be seen during 30 min and the patient
should not regain consciousness between seizures (17,18). SE represents
a significant proportion of epileptic deaths; however, as a cause of death,

SUDEP (n=40)
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Cardiovascular Deaths (n=14)

n (%) n (%) p
21 (52.5) 0 (0,0 «0.007%*
19 (47.5) 14 (100.0)

7(17.5) 12 (85.7)
4 (10.0) 0 ®0.00 | **
29 (72.5) 2 (14.3)
7 (17.5) 4 (28.6)

2 (5.0 3214 °0.082
31 (775) 7 (50.0)

I (2.5) 2 (14.3)

0 4 (28.6) °0.00 | #*
39 (97.5) 8 (57.1)
16 (40.0) 14 (100.0) 20,00 | #*

6 (15.0) 10 (71.4) °0.00 | #*

0 I (7.1) ®0.259
Monotherapy Polytherapy Total

12 5 40

2 | 14

4 0 10

8 | 20

9 2 28

35 9 12

it is not considered in the category of SUDEP. According to Nashef and
Brown (9), a sudden epileptic death, which is a category of sudden and
unexpected death causes, is the sudden and unexpected death of an ep-
ileptic patient regardless of the presence of a witness or its association
with the attack. Additionally, as a rule of thumb, no SE or other toxico-
logical-anatomical cause of death has been identified in the postmortem
examination of SUDEP cases (9,10). In 1999, Annegers and Coan (19)
reviewed SUDEP and referred to the six SUDEP criteria established by an
advisory committee that had convened in 1993. The criteria are as follows:
(1) the victim suffered from epilepsy, defined as recurrent unprovoked
seizures; (Il) the victim unexpectedly died while in a reasonable state of
health; (IIl) death occurred “suddenly” (within minutes) when known; (IV)
death occurred during normal activities and benign circumstances; (V) an
obvious medical cause was not found; and (VI) death was not the direct
result of a seizure or SE. Annegers and Coan (19) described two terms
concerning SUDEP regarding these criteria: definite SUDEP and probable
SUDERP If a patient meets all six criteria and there are adequate postmor-
tem data to determine the cause of death as “due to epilepsy,” it should
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Table 6. Classification of antiepileptic agents detected in the toxicological analysis

Treatment All cases
n %
None 61 58.1
Monotherapy 35 333
Polytherapy 9 8.6
Total (Patients with postmortem 105 100
toxicological screening)
Monotype antiepileptics
Agents with ureit structure [5 429
Barbiturate analogs 4 1.4
Hydantoins 5 4.3
Barbiturates and Hydantoins 6 [7.1
Dibenzazepine analogs [ 314
Valproic acid analogs 5 4.3
New generation 3 8.6
Benzodiazepines I 29
Total 35 100
Combination of antiepileptics
Ureit-type drugs+Benzodiazepines 3 3333
Ureit-type drugs+Dibenzazepine analogues 2 22.22
Ureit-type drugs+Valproic acid analogues 2 2222
Ureit-type drugs+New generation I [N
Dibenzazepine analogs+Valproic acid I [
analogs+New generation
Total 9 100

* Fisher—Freeman—Halton Test

be categorized as “definite SUDEP If a case meets all six criteria but there
are no postmortem data, it should be categorized as “probable SUDEP’
Friedman and Hirsch (20) also mentioned probable SUDEP and added yet
another term, “possible SUDEP”, which they described as follows. If an
autopsy is not performed and there is no known alternative explanation
for death, death should be described as “probable SUDEP” If an autopsy
is not performed and there is a competing explanation for death, death
should be described as “possible SUDEPR" Nashef et al. (I 1) wrote a re-
view to combine the SUDEP definitions. According to their review, deaths
of epileptic patients could be classified into six groups: definite SUDEP/
definite SUDEP plus, probable SUDEP/probable SUDEP plus, possible
SUDEP, near-SUDEP/near-SUDEP plus, not SUDEP, and unclassified.

Despite these newly suggested detailed classifications, the term SUDEP
in our study was used without any further classifications to be able to
compare our findings with those in the already available literature. Ac-
cording to this point of view, SUDEP diagnoses in different studies are
presented as follows. Barrow et al. (21) reported the cause of death as
epilepsy-related conditions in 41 of 83 (49.40%) cases of autopsied pa-
tients with histories of epilepsy, while epilepsy-related deaths were noted
as SUDEP, foreign-body aspiration and accidents that occurred during the
attack. In the cases of autopsied patients with histories of epilepsy, Kloster
and Engelskjen (22) reported the cause of death as SUDEP in 42 of 79

I 020

Deaths caused Deaths caused by

by epilepsy cardiovascular disease P

n % n %
21 553 Il 78.6 0437 *
12 31.6 2 14.3

5 13.2 I 7.1
38 100 14 100

2 16.7 2 100

| 83 - -

| 83 I 50

- - | 50

5 41.7 - -

2 6.7 - -

3 25.7 - -

12 100 2 100

2 40 - .

I 20 - -

| 20 - -

| 20 - -

- - 100

5 100 100

(53.1%), Antoniuk et al. (23) in 20 of 53 (37.7%), and Opeskin et al. (24)
in 50 of 357 (14%). Besides, Swinghamer et al. (25) directly presented two
cases of SUDEP, while Lear-Kaul et al. (3) presented 67 cases, Nilsson et
al. (26) presented 57 cases, and Shields et al. (27) presented 70 cases. In
our study, epilepsy was diagnosed as the cause of death in 40 of the |12
(35.7%) cases with a history of epilepsy. The cause was not detected in
28 (25%) cases.

Various risk factors have been suggested as causative factors in SUDEP
cases. Major factors include being males, being between 20 and 39 years of
age, having early-onset and a long duration of epilepsy, having frequent at-
tacks, the presence of generalized tonic—clonic attacks, the requirement of
polytherapy with antiepileptics, low compatibility for antiepileptic medicine
use, carbamazepine therapy, amygdala sclerosis, alcoholism, an intelligence
quotient below 70, and a history of head trauma (3,20,22,26,28,29,30,31).

In previous studies, the ratio of male deaths due to SUDEP has been
reported as 62.9% of |54 cases by Langan (28), 72% of 67 cases by Lear-
Kaul et al. (3), 59.6% of 57 cases by Nilsson et al. (26), 54% of 50 cases by
Opeskin et al. (24), 62% of 42 cases by Kloster and Engelskjen (22), and
70% of 20 cases by Antoniuk et al. (23). Many articles have identified the
male gender as a risk factor for SUDEP (20,31,32). Distribution of all our
cases based on gender revealed that there were 74 males and 38 females.
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The gender distribution of only SUDEP cases was as follows: 21 (52.5%)
males and 19 (47.5%) females. Although the male-to-female ratio was ap-
proximately 2:1 among all our cases, there was equality in gender distri-
bution among the SUDEP cases, indicating a difference with the literature.

Our age distribution of patients with a history of epilepsy differs some-
what from previous studies. A majority of the patients were between 36
and 45 years of age in the study by Nilsson et al. (26) 54% of 50 cases by
Opeskin et al. (24) Sudden epileptic deaths, however, should not be lim-
ited to only a specific age group. A review of death certificates of epilep-
tic patients by Appleton (5) demonstrated that in Liverpool, 97 children
under |5 years of age died due to epilepsy or indirect epilepsy-related
circumstances in 1993. Nashef et al. (33) followed 601 patients and re-
ported that the mean age of the cohort was 32.5 years and the mean age
of 24 patients at the time of death was 35 (range 18-73) years. The mean
age of the patients with a cause of death identified as sudden epileptic
death was 28.6 years. The mean age was reported as 35.5 years in the
study by Lear-Kaul et al. (3). In our study, the mean age of all our patients
was 34.2 (range 0-87) years. The mean age was 36.0 years for males and
30.9 vears for females. The mean age of only SUDEP patients was 30.6
(range 9-60) years. Among these patients, the mean age was identified
as 31.5 years in males and 29.6 years in females. In light of these findings,
it can be concluded that epileptic deaths can be encountered in every
age group. The young adult population, however, has a slightly increased
risk for SUDEP, although statistical significance could not be reached in
the comparison of SUDEP and non-SUDEP groups because younger age
predominance in the non-SUDEP group is an expected phenomenon due
to the presence of unnatural deaths.

Attack type and frequency are also among the important risk factors in
sudden epileptic deaths. Annegers and Coan (19) reported that the risk is
higher for individuals with acquired epilepsy than for those with idiopathic
epilepsy. Previous studies reported a history of generalized tonic—clonic
attack in majority of sudden epileptic death cases (28). No information,
however, was obtained regarding the type of epileptic attacks, either from
medical documentation or witness statements of our study.

According to the classification based on the circumstances surrounding
death, a great number of epileptic deaths were reported to have been dis-
covered at the home of the patient. The percentages are as follows: 87%
by Lear-Kaul et al. (3), 77.5% by Coyle et al. (34), and 73.7% by Nilsson
et al. (26). Among patients found dead at home in the study by Lear-Kaul
et al. (3), 57% were found in the prone position (3). Kloster and Engelsk-
jon (22) also reported that the prone position is the predominantly en-
countered position. Langan (28) reported that a majority of patients were
found dead on the bed. In our study, 21 of 40 (52.5%) patients who died
from SUDEP were found dead without any witness present at the time of
death. Of these, in accordance with the literature, 18 (40%) were found
at home, two (5%) were found outside, and one (2.5%) was found at the
workplace. Of the |8 patients found at home, five were found dead on
the bed. Because some of the crime-scene investigation reports did not
provide adequate information, however; one could assume that the num-
ber of patients found dead on the bed was inaccurate. When the other
|9 (47.5%) cases were evaluated, it was seen that there were inadequate
data for three (7.5%) of these cases; the remaining |6 patients were re-
ported to have died either at home or on the way to hospital due to their
current illness. Thus, it is thought that there was a witness to the death of
these |6 patients.

External examination findings evoking the possibility of an attack at the time
of or prior to death can be supporting details for epilepsy-related death
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findings, afthough SUDEP diagnosis is independent from attacks and such
external examination findings are not specific to epilepsy. Lear-Kaul et al. (3)
reported that 39 (58%) SUDEP patients had findings suggesting a previous
attack (bite on the tongue, superficial skin injury, etc.). Coyle et al. (34) re-
ported that there were bite marks or lacerations on the tongue in only ||
(27.5%) SUDEP cases. Shields et al. (27) reported that they encountered
findings that included petechiae on the skin, contusion on the tongue or
lips, and hyperplasia of the gingiva. In our study, such external examination
findings could be shown in 63 (56.3%) of all cases and in 29 (72.5%) of the
SUDEP cases. In other words, if those 40 SUDEP cases were excluded,
similar external examination findings would still be observed in 34 (47.2%)
of the remaining 72 non-SUDEP cases. Thus, the presence of findings sug-
gestive of an epileptic attack in the external examination would not support
SUDEP diagnosis, and additional supportive findings would be necessary.

In many SUDEP cases, postictal respiratory arrest or terminal cardiac ar-
rhythmias are believed to be the mechanism of death (3,8). Langan (28)
demonstrated that respiratory arrest and hypoventilation were involved in
the etiopathogenesis of SUDER, with a study considering deaths that oc-
curred in the presence of an eyewitness. Swinghamer et al. (25) noted that
the mechanism of death in SUDEP cases could be respiratory problems,
cardiac disturbances or the loss of postictal preventive reflex mechanisms,
and respiratory arrest. Similarly, in animal studies, Johnston et al. (35,36)
noted respiratory mechanisms involved in death. Various studies conduct-
ed with an epileptic patient population showed that rhythm disturbanc-
es are detected with the ECG recording. Prolonged QT interval, ST de-
pression, downward T wave, bradiarrhythmias, ventricular fibrillation and
asistolia, atrial fibrillation, premature atrioventricular depolarization, sinus
tachycardia, and supraventricular tachycardia can be listed among these dis-
turbances (3,37,38). Internal examination findings of the brain, lungs, and
heart related to the above-mentioned disturbances are presented in dif-
ferent studies. Lear-Kaul et al. (3) reported that pathological findings in the
brain, which could explain the symptoms, were found only in four (6.0%)
cases. Other findings were listed as congestion in the organs in 16 (23.8%)
cases, pulmonary edema in 10 (14.9%), and both organ congestion and
pulmonary edema in 29 (43.2%). In addition to these findings, hepatoste-
atosis was observed in 19 (28.3%) cases, cirrhosis in six (8.9%), and bacteri-
al infection in two (2.9%) (3). Antoniuk et al. (23) reported brain edema in
seven (35%) cases, pulmonary edema in eight (11.9%), and both brain and
pulmonary edemas in one (5%). Barrow et al. (21) reported pulmonary
edema in all their cases. Thom et al. (39) reported acute neuronal damage
with immunohistochemical staining (HSP-70 and c-Jun) in the hippocampus
of SUDEP cases. Kloster and Engelskjgn (22) showed no descriptive cause
in SUDEP; they reported that pulmonary and brain edemas are the most
frequently noted findings in autopsy reports. Shields et al. (27) reported
that in addition to pulmonary edema, they encountered petechiae on the
organs. In patients with pathological brain findings, they noted squeals, sug-
gesting a previous traumatic incident; cortical cerebral and hippocampal
atrophies; venous hemangioma; leptomeningeal varicosis; and tumor. Coyle
et al. (34) reported that they found left ventricular hypertrophy in nine
(22.5%) cases and no cardiovascular abnormality in 21 (52.5%) cases. Mac-
roscopic or microscopic findings suggesting a possible epileptic focus in the
brain were found in only 23 (20.5%) of our cases. Of 72 non-SUDEP cases,
brain edema was found in five (6.9%), pulmonary edema in 23 (31.9%), and
both pulmonary and brain edemas in 36 (50%). These results indicate that
pulmonary and brain edemas were frequently seen as pathological findings
in both groups. The presence of these two findings cannot be assumed
significant for SUDEP; additional supportive findings are necessary.

A review article by So (31) highlighted studies in three major domains
of potential mechanisms for SUDEP: cardiac, respiratory and autonomic.
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So (31) stated that preexisting cardiac disease is an important consider-
ation for the potential cardiac basis of SUDEP. According to Eastaugh et al.
(40), the most common etiologic mechanisms believed to be responsible
for SUDEP are malignant cardiac arrhythmia due to seizure and asphyxia
after a seizure. A combination of these mechanisms could also lead to
cerebral hypoperfusion, which is the third mechanism of death. Davis and
McGwin (41) states that “individuals dying of SUDEP might have large
hearts, making them more susceptible to sudden cardiac death should the
autonomic nervous system initiate a dysrhythmia.” In their |5 year-retro-
spective study, they found that the overall mean heart weight was 380 g,
with a range of 195 to 860 g and a standard deviation of 97.4 g. They also
noted that there was no significant difference in the mean heart weight
between SUDEP and epileptic patients who died of any cause other than
epilepsy. In addition, Schuele et al. (42) stated that fatal arrhythmias are
thought to be the mechanism underlying the cardiac causes of SUDER. A
prevailing hypothesis is that a lethal cardiac arrhythmia is caused by epilep-
sy-induced autonomic discharges to the heart. The two main potentially
lethal arrhythmias implicated in SUDEP are ictal ventricular tachyarrhyth-
mias and ictal bradycardia/asystole. In our study of | |2 epileptic cases, the
microscopic examination of overweight hearts (n=69, 61.60%) revealed
that hypertrophy was severe in 31 (27.6%) cases and mild in 10 (8.9%).
In the other 71 (63.3%) cases, there were no signs of hypertrophy in the
histological examination. In 19 of 40 (47.5%) SUDEP cases, the hearts
were overweight and histological examination revealed hypertrophy in | |
(27.5%; 7 severe and 4 mild) cases (Table 4).

Another important issue to consider when interpreting these results is
that if there were enough adequate cardiovascular findings for diagnos-
ing the cause of death as cardiovascular disease, SUDEP could have been
disregarded by the pathologist. In our study, the cause of death was deter-
mined as cardiovascular disease in 14 of the | 12 (12.5%) cases. Deeper in-
vestigation of 8 of these 14 (57.1%) cases revealed fresh external findings
that could be associated with an attack. Although these external findings
cannot prove any mechanism, there may be still a possibility of a death due
to post-seizure arrhythmia. In their autopsy study, P-Codrea Tigaran et al.
(32) reported that increased levels of deep and subendocardial fibrosis
are observed in SUDEP cases compared with controls; this may reflect
the result of repetitive sympathetic activation or recurrent hypoxemia
from seizures. They found fibrotic changes in the deep and subendocardial
myocardium in 6 of |5 (40%) patients for whom histological examination
could be performed. They also found fibrotic changes in the conduction
system in none of their cases (32). In our study, in all 14 patients with a
diagnosis for cause of death as cardiovascular disease, the hearts were
overweight and histological examination revealed severe hypertrophy in
12 (85.7%) cases, while the mean age was 44.4£13.1 (range 32—77, medi-
an 40-41) vears. The presence of hypertrophy and myocardial scar tissue
findings in the microscopic examination was significantly more frequent
among patients determined to have died from cardiovascular diseases
than among those in the SUDEP group (p=0.001 for each finding). A
severe hypertrophy ratio of 85.7% among these cardiovascular cases was
remarkable, while the presence of at least one of the myocardial findings
(i.e., microscopic hypertrophy, fibrosis, or myocardial scar tissue) and at
least two myocardial findings together were significantly more frequent
among patients determined to have died from cardiovascular diseases
than among those in the SUDEP group (p=0.001 respectively; Table 4)
These statistical results support the above-mentioned opinion suggesting
that the presence of classical cardiovascular findings predominantly leads
the expert to determine the cause of death directly through cardiovascu-
lar explanations. However, when considered beyond the statistical point
of view, severe fibrosis observed in seven of our SUDEP cases infers that
there can also be a doubt in the cause of death of these seven SUDEP
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cases because they might have died from only cardiovascular problems
but were diagnosed as SUDEP. On the other hand, as observed in the
study by P-Codrea Tigaran et al. (32), fibrosis can be a result of epilep-
tic attacks. Fibrosis and other cardiac findings also as results of attacks in
many epileptic patients make the differential diagnosis between SUDEP
and cardiovascular deaths more difficult; however, it is important to note
that scar tissue was observed only in one of our SUDEP patients. With
this point of view, deaths due to cardiovascular disease in young adults re-
quire a deep medical investigation to reveal underlying causes. A common
trait in our cases was epilepsy. Cardiovascular pathologies, including con-
duction system abnormalities, should therefore not be undervalued when
investigating the death of a patient with a history of epilepsy. The cardiac
conduction system was evaluated in none of our patients, and the cause of
death was established only to the final reason; underlying factors were not
investigated. Verma and Kumar (43), Leestma (44), and Coyle et al. (34)
also emphasized the same point, noting that when determining the cause
of death in patients with a history of epilepsy, clinicians or pathologists typ-
ically discover very few findings and end their bureaucratic responsibilities
with unsatisfying diagnoses such as asphyxia or heart failure. In addition,
Leestma (44) emphasized being alert to the probability of SUDEP when
investigating the deaths of patients with a history of epilepsy, suggesting
the use of a structured checklist for lay investigators. For medical exam-
iners, Verma and Kumar (43) and Leestma (44) suggested a deep and
complete examination of the heart, lungs, and brain.

Some aspects of antiepileptic medicines are also defined as risk factors
for SUDEP These risk factors are reported as poor patient compliance,
multiple antiepileptic agent use (3,26,29,30), and carbamazepine therapy
(3). Antoniuk et al. (23) found that 13 (65%) patients were on antiepi-
leptics, and of these, nine (45%) were on monotherapy (phenobarbital,
carbamazepine or diphenylhydantoin) and four (20%) were on polythera-
py (phenobarbital+carbamazepine or phenobarbital+diphenylhydantoin).
Coyle et al. (34) reported that 10 (25%) patients were on carbamazepine
and eight (20%) were on phenytoin. Kloster and Engelskjgn (22) found
that a majority of their SUDEP patients were on carbamazepine, pheno-
barbital, or phenytoin. In our study, toxicological analysis was performed
in 105 of the 112 (93.7%) patients with a history of epilepsy; of these pa-
tients, antiepileptic agents were detected in 44 (41.9%) and no antiepilep-
tics were detected in 61 (58.1%). The ratio of being under medication was
not significantly different between the SUDEP and cardiovascular disease
groups. In 40 SUDEP cases, 38 (95%) patients underwent toxicological
analysis and no antiepileptic agent was detected in 21 (55.3%) of these. In
the other |7 (42.5%) patients, at least one antiepileptic agent was detect-
ed; a single agent was present in 12 (40%) of these patients, and multiple
antiepileptic agents were detected in the other 5 (12.5%) patients. These
results indicate that even though the patients were epileptic, 21 (55.3%)
were not under antiepileptic medication at the time of death (Table 5,
Table 6). This implies that the inconsistent use or disuse of antiepileptic
medicines is a greater risk factor for SUDEP than polytherapy. Besides, in
cases where antiepileptic medicines were used, therapies used should be
assessed for their efficacy in the prevention of generalized tonic—clonic
attacks and for their potential risk (45).

In conclusion, parameters such as sociodemographic features; medical an-
tecedent; witness statements; external examination findings; histopatho-
logical findings including those from the examination of the cerebrum,
cerebellum, and brain stem (i.e,, yellow—brown plaques, space-occupying
lesions, infections, or hemorrhage), those of the heart (i.e., cardiac over-
weight, conduction pathways, or coronary lumens), petechial bleeding foci
on the visceral surfaces, particularly on interlobar surfaces of the lungs, and
pulmonary edema as signs of possible hypoxia; and toxicological findings
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including the presence of an antiepileptic agent and type of antiepileptic
therapy should be investigated together in the evaluation of the cause of
death of epileptic patients because none of these factors could be proved
to have a diagnostic value when presented alone. Additionally, for the differ-
ential diagnosis between SUDEP and cardiovascular deaths, cardiac findings
should be carefully noted and considered in a detailed manner.
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