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Relevance of the problem

Convulsive status epilepticus (CSE) is one of the most common
emergency neurologic conditions, which is often associated with
morbidity and mortality. Despite the fact that the outcome of CSE has
improved significantly in last 3 decades (which can be explained by
improved treatment protocols and work of critical care units)
morbidity and mortality rate still stay high. CSE is the major challenge
in countries with poor recourses, where incorrect medical intervention,
delayed transportation and high rate of acute symptoms play main role
in the outcome. Most of the studies conducted in developing countries
are retrospective. Outcome of CSE is reflected in only several
prospective studies. Unfortunately, there is not enough information
and proof which could help these countries in elaboration of treatment
recommendations. Despite the end of 20th century and additional
steps taken forward in the first decade of 21st century regarding
identification of pathophysiological mechanisms of CSE, clinical
aspects of this condition and evidence-based medicine help us a lot in
predicting the outcome of CSE. On the other hand there are still
divergent opinions on which risk factor has the influence on the
outcome of CSE: age, sex, etiology or etiological group, duration of
seizure, type of CSE, EEG (electroencephalogram), etc. There is also
no straightforward answer on the question: mortality of CSE is
conditioned by main etiology or CSE itself determines the outcome?
According to World Bank data, Georgia belongs to low middle
income states which shares common social-economic problems with
countries having scarce recourses. Individual factors, especially
etiology, specialized treatment protocol and availability of second line
IV anticonvulsive drugs (rectal Diazepam, buccal Midazolam, IV
Lorazepam, Phenytoin, Phenobarbital which is essential for effective
treatment of CSE) can influence CSE and its outcome. Treatment of
CSE which aims on reduction of seizure duration, targeting the cause
and managing side effects or complications, has not been studied.
Epidemiologic study focused on pediatric status epilepticus was
conducted in Georgia for the first time.

Scientific assessment of pre-hospital management and estab-
lishment of its link to outcome was done for the first time for this
severe, urgent neurologic condition. On the background of con-
tradictory data in the literature, negative effect of excessive use of
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Benzodiazepines was scientifically proven. In particular high risk of
required mechanical ventilation.

Scientific novelty of the study

1.

2.

Epidemiologic study focused on pediatric status epilepticus was
conducted for the first time in Georgia.

Influence of recurrent CSE and pre-CSE neurological status was
assessed with respect to development of new neurologic deficit and
mortality.

. Clear connection between CSE duration (CSE as emergency

neurologic condition) and adequate management was established.
Clear link was established between excessive wuse of
Benzodiazepines in Pre-hospital and hospital settings and necessity
of mechanical ventilation.

Aim of the study

1.
2.

Reveal risk factors of CSE morbidity and mortality.
Assess treatment effectiveness of CSE and its influence on CSE
duration and need of mechanical ventilation.

Study Objectives

1.

28

Selection of patients for the study according to inclusion-exclusion
criteria in Emergency Department of M. lashvili Children’s Central
Hospital.

. Record patient passport data, medical history, pre-hospital seizure

management, course of the disease, hospital treatment, main
disease and treatment complications and outcome of CSE in special
questionnaire prepared for the study.

. Differentiate patients according to age, sex, type of seizure, seizure

duration, etiological group, pathologic neurological status pre-CSE,
presence of recurrent CSE, corresponding treatment and treatment
initiation date.

Assess CSE outcome (normal neuromotor development, morbidity
(new neurological deficiency)) using neurological examination,
video tapes, Bayley Scales of Infant Development Screening test,
Ages and Stages Questionnaires (ASQ) and Functional Indepen-
dence Measure (WeeFIM).



5. Reveal risk factors for CSE outcome.
6. Assess influence of pre-hospital treatment of CSE on seizure
duration and necessity of mechanical ventilation.

Approbation and publication of study

Dissertation research work was discussed on the meeting of Chair
of Neurology of David Tvildiani Medical University and A.
Latchkepiani ~ Children’s  Neurologists and  Neurosurgeons’
Association (protocol N 21/10/2014). Medical materials and results
were presented on: 29" International Epilepsy Congress (Rome 2011),
course organized by the Internationa League against Epilepsy —
pharmacological treatment of epilepsy (Israel 2013), students and
young scientist’s conference organized by David Tvildiani Medical
University (Georgia 2013), 11" European Congress on Epilepsy
(Stockholm 2014). 7 scientific publications were issued about
dissertation study which fully reflect the results and correspond with
the requirements of statute and instructions regarding acquisition of
scientific degree.

Structure and volume of dissertation

Dissertation study was conducted on the premises of “M. lashvili
Children’s Central Hospital“. Dissertation consists of 8 parts:
introduction, review of literature, materials and methods, results of
study and its review, conclusions, practical recommendations,
references. Work is 112 pages; it contains 16 tables, 3 schemes and 21
diagrams. 111 sources are indicated in reference.

CONTENT OF STUDY

Study Methods

Prospective analysis of the outcome of 48 patients (age 1 month to
18 years) in the Emergency Department of M. lashvili Children's
Central Hospital who were admitted from March 2007 to March 2012
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represents the basis of this scientific work. Selection was done
according to inclusion-exclusion criteria.

Inclusion criteria: 1. age limit — 1 month to 18 years. 2. Patients
with convulsive seizure or recurrent seizures who do not recover
consciousness — duration > 30 min.

Exclusion criteria: 1. Duration of convulsive seizure < 30 min.
2.Patients with insufficient data on duration of CSE. 3. Patients with
non-convulsive SE. 4. Patients with nonepileptic convulsive seizures.

Patients received treatment in emergency department with adapted
guideline elaborated according to the guideline worked out by North-
central London Epilepsy Network (updated in 2007 and 2010) and
NICE. According to adapted guideline treatment was split into
adequate and inadequate, timely and delayed treatment strategies:

« Single pre-hospital dose of Benzodiazepine as well as single

Benzodiazepine dose used in hospital was considered as adequate.

e More than one pre-hospital as well as hospital dose of

Benzodiazepine was considered as inadequate.

o Timely treatment was assessed as a treatment which was initiated
within < 10 min.

o Delayed treatment was assessed as a treatment which was initiated
> 10 min.

Seizure duration was established from the start of clinically
apparent seizure and was divided into 2 groups: 1. 30-60 min; 2. >60
min.

CSE etiology, according to Shinnar classification, was divided into
five etiologic groups: idiopathic/cryptogenic; acute symptomatic;
delayed symptomatic; progressive encephalophathic and febrile CSE.

We separated patients with primary and recurrent CSE, also
patients with pathological neurologic status before CSE and normal
pre CSE neuromotor development.

We tried to assess new neurologic deficiency as objectively as
possible; aside from neurologic examination we also used Bayley
Scales of Infant Development Screening Test, Ages & Stages
Questionnaires — (ASQ), Functional Independence Measure
(WeeFIM), also video tapes and interviews with parents were used in
order to assess/compare neurologic status before and after CSE.
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Outcome of CSE was assessed after one month and divided into 3
categories:
o Normal neuromotor development;
» New neurologic deficit (morbidity);
o Mortality.

Results

During study period 52.000 patients addressed emergency
department of M. Iashvili Children's Central Hospital, out of which
paroxysmal disorder was established in 1300 and inclusion criteria
was met by 48 (4%) patients with CSE. 13 (27%) patients were
transferred to ICU for further examination and treatment, 35 (73%)
patients were sent to department of neuroscience. After 1 month of
CSE: 1. Normal neuromotor development was seen in 36 (75%) cases;
2. New neurological deficit (morbidity) in 8 (17%); 3. lethal outcome
in 4 (8%).

Sex, age and outcome. Age of patients with CSE was between 2
month to 14 years (avg. 5 years). Most of the patients where in >2
year age group and comprised 79% (34 pts.). 21% of patients (14 pts.)
were in <2 age group. From patients selected for the study 26 (55%)
were males and 22 (45%) females. In <2 year age group sex
distribution is equal whereas in >2 age group males slightly
predominate. According to etiologic group acute symptomatic etio-
logy (36%) predominates in <2 age group; according to incidence
second runner up is progressive encephalopathy and febrile CSE (21%).

Despite somewhat increased rate and percentage distribution of
acute symptomatic etiology in <2 age group, existence of new
neurologic deficit was seen in one (13%) patient from progressive
encephalopathic group (Dravet syndrome) where new neurologic
deficit was expressed as hemiparesis.

For >2 age group idiopathic/cryptogenic etiology is common
(44%). In this group seven (87%) new cases of neurologic deficits
were revealed — progressive encephalopathy, acute symptomatic,
delayed symptomatic and idiopathic-cryptogenic etiologies (see
diagram 1).

Statistical analysis, to reveal prognostic nature of sex and/or age in
development of post CSE neurologic deficit and mortality, did not
show statistically authentic data .
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H Acute symptomatic M Progressive encephalopathies
Febrile CSE M Idiopathic/Cryptogenic
M Remote symptomatic
25% 25% 25%
13% 13%
0% 0% 0% 0% 0%
<2 years >2 years

Diagram 1. Percentage of new neurologic deficits according to age and
etiologic group.

Link of CSE type and duration to CSE outcome. Determination and
differentiation of seizure type was done by clinical assessment of seizure
described by parent and/or doctor. Most of the patients had generalized
CSE which comprised 63%. In order to assess the influence of seizure
duration on outcome of CSE we divided this indicator in 2 groups: 1. 30-
60 min; 2. More than 60 min duration. According to CSE duration first
group had 43 (89%), second — 5 (11%) patients. It should be mentioned
that in first group all cases showed morbidity and 2 lethal outcomes were
revealed. In second group 2 lethal outcomes. According to our study
average duration of CSE is 50 min (30-180 min). Maximal time of CSE
duration was seen in 3 patients: 180 min in viral encephalitis, 125 min in
migratory partial epilepsy of infants and 110 min in patient with diagnosis
of aspiration syndrome. According to statistical analysis of data statistically
significant correlation between seizure duration and development of new
neurologic deficit could not be seen .

Incidence and outcome of CSE. First episode of CSE was
revealed in 37 (77%) patients, while as recurrent CSE was seen in 11
(23%) patients. From 11 patients (with recurrent CSE) new neurologic
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deficit was assessed in 9 because 2 patients had lethal outcome. Thus,
statistical analysis was performed on 9 patients with recurrent CSE
and 37 patients with first episode of CSE.

In patients after recurrent CSE:
« New neurologic deficit developed in 6 (67%) cases;
« Unchanged neurologic status was seen in 3 (33%) patients.

In case of first episode of CSE:
« New neurologic deficit developed in 2 (6%) patients;
o Unchanged neurologic status was seen in 35 (94%) patients (see

figure 2.)

According to statistical analysis high correlation is seen between
recurrent CSE and development of neurologic deficit. In case of
recurrent CSE risk of developing new neurologic deficit was increased
by 11,67 times (Pearson Chi-Square — 17, 88; df — 1; Fisher's Exact
Test — p<0.001RR=11,67 CI (2.81;48.40)).

g

67

Recurrent CSE  First episode of CSE

B Unchanged neurological status ® New neurological deficit

Figure 2. Influence of recurrent CSE on the development of post CSE
neurologic deficit.

Link of pre CSE neurological status and outcome. Pathological
neurological status before development of CSE was seen in 10 (21%)
patients, unchanged neurological status in 38 (79) patients. 4 patients
with lethal outcome were taken out from the statistical analysis; from
these 4 patients 2 had pathological neurological status before
developing CSE. In case of pathologic neurological status before
development of CSE neurologic deficit was seen in 6 (75%) and
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unchanged neurological status in 2 (25%) patients. In case of normal
neurological status before CSE neurologic deficit developed in 2 (5%)
patients, while as unchanged neurological status remained in 34
(95%). High correlation between pre-CSE pathologic neurological
status and post-CSE neurological deficits are seen. Risk of developing
new neurological deficit is 5,8 times higher in case of pathological
neurological status before CSE (Pearson Chi-Square — 21, 22; df — 1;
Fisher’s Exact Test — p<0.001), RR=11.67 CI (1.33; 25.32) (see figure 3).

Pre-CSE pathological neurologic status  Normal neuromotor development
before CSE

® New neurologicdeficit M Normal neurologic outcome

Figure 3.Correlation of pre-CSE neurological status with the development of
neurological deficits.

Etiology and outcome. From patients observed by us 16 (33%)
patients fell under idiopathic/cryptogenic etiology. Idiopathic/
cryptogenic group represents the majority of patients under our
observation. Acute symptomatic etiologic group consists of 11 (23%)
patients.It should be mentioned that in symptomatic etiologic group
neuroinfections dominate by 45%. In the group of delayed
symptomatic etiology 6 (12%) patients were revealed out of whom
new neurological deficit was seen in 2 cases and 1 lethal outcome.
Febrile CSE was seen in 10 (21%) patients. This group is associated
with best outcome without new neurological deficit and mortality.
Etiologic group of progressive encephalopathies contains 5 (11%)
patients out of whom 3 cases of new neurologic deficit and one lethal
outcome was observed. Quantitative data and percentage of the
etiologies see in tables 1, 2, 3, 4, 5.
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Idiopathic/Cryptogenic group N %

CSE as primary unprovoked convulsive seizure — 6(37.5%)
Panayiotopoulos syndrome — 2 (12.5%)
Cryptogenic focal epilepsy — 8 (50%)

Table 1.Percentage of Idiopathic/Cryptogenic etiologic group.

Remote symptomatic etiologic group — 6 (12%)
Hypoxic-ischemic encephalopathy (HIE) — 3(50%)
Post bacterial meningitis — 1(16.7%)

Post ventriculoperitoneal bypass — 1(16.7%)

Post rupture of great cerebral vein — 1(16.7%)

Table 2. Quantitative data and percentage of the etiologies in Remote
symptomatic etiological group.

Progressive encephalopathy etiologic group — 5 (11%)
Dravet syndrome — 1 (20%)

Lennox gastaut syndrome — 1 (20%)

Migrating focal epilepsy of infancy — 1 (20%)
Congenital glycosylation deficiency — 1 (20%)

Urea cycle disorders — 1 (20%)

Table 3.Quantitative data and percentage of etiologies within etiologic group
of progressive encephalopathies.

Acute symptomatic etiology group — 11 (23%)
Viral encepalitis — 3 (28%)

Bacterial meningitis — 1 (9%)

Tuberculosus meningitis — 1 (9%)

Hemorrage insult — 2 (18%)

Sinus trombosis — 1 (9%)

Posterior reversible encephalitis — 1 (9%)
Antiepileptic drugs withdrawel — 1 (9%)
Aspiration syndrome — 1 (9%)

Table 4. Quantitative data and percentage of etiologies within etiologic
group of acute simptomatic.

According to statistical analysis of the above mentioned cohort, there is
statistically significant correlation between symptomatic etiologic group
and post CSE neurological deficit. Progressive encephalopathies represent

35



statistically relevant risk factor for post CSE morbidity (Pearson Chi-
Square — 9, 55; df — 1; Fisher's Exact Test — p=0.015).Correlation between
etiology groups and CSE outcome see on Figure 4.

Progressive
encepalophaties

Remore symptomatic

Febrile CSE

Acute symptomatic

Idiophatic/criptogenic

= Etiology groups

B Morbidity

= Mortality

Figure 4. CSE outcome according to etiology.

Etiologic group Etiology New neurologic deficit
Progressive . .
encephalopathics Dravet syndrome Hemiparesis
Progressive Loss of developmental
. lennox gastaut syndrome .
encephalopathies milestones
Progresswe. Urea cycle disorders Loss of fievelopmental
encephalopathies milestones
Acute symptomatic Viral encephalitis Loss of fievelopmental
milestones

Acute symptomatic

Posterior reversible

Cognitive deficiency

encephalopathy
Remote symptomatic Post ventriculoperitoneal Generalized hypotonia
bypass
. . . Focal epilepsy, Loss of developmental
Idiopathic/eryptogenic developmental delay milestones
Remote synptomatic HIE Damage of cranial
nerves

Table 5.New neurologic deficits according to etiology.
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Treatment and outcome of CSE. Based on the data of our study
average time from start of seizure to arrival at the emergency
department is 25 min (15-45 min). 31 (65%) patients have received
adequate pre-hospital treatment while as inadequate pre-hospital
intervention was done in 17 (35%) patients. Inadequate treatment in
the hospital was carried out in 21 (44%) patients, adequate in -27
(56%). In total multiple uses are seen in 30 (63%) patients. Average
duration on CSE in case of adequate pre-hospital treatment comprised
significantly shorter time compared to group with inadequate pre-
hospital treatment (66min) and unlike hospital intervention, where
significant statistical difference between groups with respect to CSE
duration was not observed. According to statistical analysis adequate
pre-hospital treatment is directly proportional to short CSE duration
(p<0.001) (see figure 5).

150

100

50

Seizure duration (min)

1

Inappropriate treatment Appropriate treatment

Pre-hospital treatment adequacy

Figure 5.Link of adequate pre-hospital treatment with duration of CSE.

We separated a patient group who required mechanical ventilation
in order to determine the influence of treatment strategy on the

37



necessity of mechanical ventilation. 13 (27%) patients with respiratory
insufficiency were transferred to ICU. In all 13 cases multiple uses of
benzodiazepines was recorded, out of which in 10 cases single pre-
hospital dose of benzodiazepine was used. In hospital more than 1
dose of benzodiazepine was used in 9 patients. In combination
(inadequate pre-hospital and hospital management) benzodiazepine
was used multiple times in 6 patients. As a result of statistical analysis
significant association was seen between pre-hospital treatment and
necessity of mechanical ventilation. In particular, patients with
inadequate pre-hospital treatment needed mechanical ventilation with
higher rate (Pearson Chi-Square — 5, 32; df — 1; Fisher's Exact Test —
p=0.039). Similar association was seen between inadequate hospital
treatment and need of mechanical ventilation (Pearson Chi-Square — 4,
7; df — 1; p=0.03).

150

100
1 )

T S

Delayed intervention Timely intervention

Seizure duration (min)

n
[=]

Time of pre-hospital intervention
Figure 6.Association of timely treatment with duration of CSE.

Timely hospital treatment was carried out in 25 (52%) patients.
Mean interval between seizure and treatment onset was 10 min
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(minimal 5 min, maximal 18 min). In case of pre-hospital treatment
conducted in time the duration of CSE was between 30-70 min (avg.
43 min) whereas in case of delayed pre-hospital intervention duration
of CSE reached 30-180 min (in avg. 58 min). There is statistically
significant correlation between timely treatment and short duration of
CSE (p<0.001) (see figure 6).

Post-CSE mortality. Post CSE mortality was seen in 4 (8%)
patients. 2 patients were from group of acute symptomatic etiology
(diagnosis of viral encephalitis and hemorrhagic stroke) and one was
from delayed symptomatic etiology (post rupture of great cerebral
vein) where the reason of death was course of the disease and not CSE
itself.

Reason of lethal outcome in one patient, from etiologic group of
progressive encephalopathies (migratory focal epilepsy of infancy),
was cardiac arrest. See table 6 for clinical-epidemiological
characteristics of lethal outcome.

Cause of Duration
Age Sex Etiology of CSE Intervention
death .
(min)
Inadequate pre-
. . Course of hospital, adequate
Patient 1.2 Male Hemorrhagic the main 30 hospital treatment.
1 stroke .
disease Delayed pre-
hospital treatment
Migratory Cardiac Inadequate pre-
. arrest hospital, adequate
Patient focal - .
2 Female . during 120 hospital treatment.
2 epilepsy of -
infancy conyu151ve Dqlayed pre-
seizure hospital treatment
Adequate pre-
Patient Post rupture | Course of hospital and
3 13 | Female of great the main 70 hospital treatment.
cerebral vein disease Delayed pre-
hospital treatment
Adequate pre-
Patient Course of hospital and
4 7 Male Encephalitis the main 35 hospital treatment.
disease Timely pre-hospital
treatment

Table 6. Clinical-epidemiological characteristics of lethal outcome.
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According to the results of statistical analysis aimed at determining

influence of age, sex, seizure duration, seizure type, neurological
status before initial or recurrent CSE on mortality, with the purpose of
assessing their predictive value, statistically significant correlation
was not obtained.

Conclusions

1.

Outcome of CSE in investigated population is mostly positive and
does not alter neurologic status. Good prognostic factors are:

e  Primary unprovoked CSE,

o Febrile CSE.

. Age, sex, CSE type and duration do not have influence on

development of morbidity or mortality.

. Independent risk factors for post CSE morbidity in studied

population:

o  Pre-CSE neurological status,

o Recurrent CSE.

CSE outcome is strongly dependant on etiology, in particular:
progressive encephalopathies represent main risk factor for morbidity.

. In most of the cases lethal outcome (75%) is determined by the

course of the main disease.

. Timely and adequate pre-hospital treatment is directly proportional

to the reduced duration of CSE.
Inadequate use of Benzodiazepines in studied population is high
and increases need of mechanical ventilation.

Practical Recommendations

1.

2.
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Information about risk factors of CSE will help the physician in the
prognosis of CSE outcome.

Timely and adequate management of CSE etiology will assist
reduction of morbidity and mortality rate.

. Correct pre-hospital management of CSE will decrease number of

recurrent CSE and avoid development of recurrent CSE

Forming convulsive seizure treatment as a priority field of
healthcare in the country, elaboration of specialized, tailored
guideline which determines stages of hospital management and



sequence of Benzodiazepine wuse shall significantly reduce
mortality and morbidity.

. Registration of buccal Midazolam, rectal Diazepam and 2nd line

antiepileptic IV drugs will support reduction of: hospital
admissions with prolonged CSE, CSE duration, development of
respiratory depression, admission of patients in ICU, need of
mechanical ventilation and hospitalization time.
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