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ABBREVIATIONS

AED antiepileptic drug

CI confidence interval

CNS central nervous system

CRD Centre for Reviews and Dissemination

CT computed tomography

DARE Database of Abstracts of Reviews of Effects

EEG electroencephalography

GDG Guideline Development Group

GRADE Grading of Recommendations Assessment, Development, and Evaluation

HIE hypoxic-ischaemic encephalopathy

IBE International Bureau for Epilepsy

ILAE International League Against Epilepsy

IMCI Integrated Management of Childhood Illness

IMPAC Integrated Management of Pregnancy and Childbirth

IRCCS Institute for Research on Mental Retardation and Brain Aging

ISRCTN International Standard Randomized Controlled Trial Number Register

MD mean difference

mRCT meta-register of randomized controlled trials

MRI magnetic resonance imaging

MRS magnetic resonance spectroscopy

NGO non-governmental organization

NLM National Library of Medicine

NPV negative predictive value

NS neonatal seizures

OR odds ratio

PPV positive predictive value

PT preterm

RCT randomized controlled trial

RR relative risk

US ultrasound

WHO World Health Organization

WMD weighted mean difference
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EXECUTIVE SUMMARY
Neonatal seizures represent one of the most frequent neurological events in newborn
infants, often reflecting a variety of different pre-, peri-, or postnatal disorders of the
central nervous system (CNS). They are also a common manifestation of metabolic
abnormality in newborn period and often represent the first sign of neurological dys-
function in neonates. They may be symptomatic or cryptogenic, herald subsequent
epilepsy, can be associated with potential morbidity and mortality, and may be used as
a factor in considering long-term prognosis. Despite the enormous clinical significance
of these events, many aspects of their management are not well supported with evi-
dence-based recommendations.

In particular, rather few studies address issues related to the use of antiepileptic
drugs (AEDs), such as indications for acute therapy, selection of first-line and second-
line agents, pharmacokinetics of commonly used AEDs, and duration of treatment after
the seizures are controlled on AEDs for neonatal seizures (NS).

The Global Campaign Against Epilepsy, a World Health Organization (WHO) part-
nership with the International League Against Epilepsy (ILAE) and the International
Bureau of Epilepsy (IBE), in collaboration with the Institute for Research on Mental
Retardation and Brain Aging (IRCCS) named Associazione Oasi Maria SS., a WHO
Collaborating Centre for Training and Research in Neuroscience (WHO/CC), initiated a
project to develop evidence-based guidelines for the management of neonatal seizures.
These guidelines are intended to be of use for neonatologists, paediatric neurologists,
paediatricians, general practitioners, nurse practitioners, nurses and other health profes-
sionals who may be in contact with infants experiencing seizures within the first 28 days
of life (age up to 44 weeks post-conception). The guidelines are framed so as to be
applied by health care providers practicing in a wide range of health care facilities, from
those with limited resources to tertiary care centres. 

The Guideline Development Group identified 11 research questions to be of highest
priority. Two of these questions were background questions on prevalence of neonatal
seizures and predictors of prognosis of neonatal seizures. The remaining 9 questions
focused on priority issues related to management of neonatal seizures. The Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) approach was
used for grading the quality of evidence after adaptation to the relevant working area.
The quality of the evidence for an outcome was graded as follows: high, moderate, low
or very low. After grading the available studies for each outcome, recommendations
were formulated on the basis of the summary and quality of evidence, balance between
benefits and harms, values and preferences of policy makers, health care providers and
parents, feasibility and resource use; in addition, costs were analyzed to see whether
they could be qualitatively justifiable by the benefits. The recommendations were grad-
ed into two types: strong and weak. In some cases, the recommendations were context-
specific which is indicated in the document as appropriate.

Table 1 lists the key recommendations of the guidelines:
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INTRODUCTION
Seizures are a common occurrence in both term and preterm (PT) neonates. Despite
their frequency and clinical significance, currently there are no clearly defined evidence-
based guidelines to address major questions about their management.  While diagnosis
and management of seizures are often considered within the context of tertiary care
health centres, seizures are a common manifestation in newborns presenting to the full
range of health-care facilities. Therefore, there is a need for evidence-based guidelines
which can be applied to different health-care facilities with varying resources and adapt-
ed by health-care providers of all levels of expertise.

Neonatal seizures, one of the most frequent neurological events in newborn infants,
reflect a variety of pre-, peri- or postnatal disorders of the central nervous system (CNS).
These may range from benign, self-limited illnesses to severe, prolonged or life-threat-
ening disorders. They are also a common manifestation of metabolic abnormality or
infection. Due to the increased availability of diagnostic tools, such as electroen-
cephalography (EEG), video-EEG monitoring, and early neuroimaging to supplement
clinical observation, the diagnosis of neonatal seizures may be established more accu-
rately. It is also possible that incidence figures may have changed in recent times.
Furthermore, higher incidence and prevalence rates of epilepsy have been found in
developing countries, so it is conceivable that incidence and prevalence rates of neona-
tal seizures could rather differ between developed and developing countries (Brown et
al., 1972; Leveno et al., 1989; Okan et al., 1995; Garcias Da Silva et al., 2004; Sankar
et al., 2007). 

Some aspects of treatment of neonatal seizures have changed little over the last 50
years. In newborns with seizures, it is indicated to initiate a early diagnostic work up to
determine the cause, depending upon the facilities available. Even though most
neonates who present with seizures are treated with antiepileptic drugs (AEDs), only
very few studies address the issues related to use of AEDs such as the first-line and sec-
ond-line drugs, their pharmacokinetics, the duration of treatment, and the methods of
discontinuing treatment after achieving adequate control of seizures. In particular, there
is a lack of randomized controlled trials to validate a treatment algorithm of neonatal
seizures. The AEDs used tend to be older generation drugs associated with the most side
effects (Co et al., 2007). Moreover, clinical control of neonatal seizures using the two
commonly used AEDs - phenobarbital and phenytoin - is achieved in only 50 to 80% of
cases, with even less effect in the control of most neonatal electrical seizures (Painter et
al., 1999; Boylan et al., 2002; Rennie et al., 2003; Boylan et al., 2004). Management of
neonatal seizures becomes even more difficult in resource-poor settings because of the
limited number of facilities available for diagnosis, treatment and monitoring. 

Clinical and experimental data suggest a longer duration of seizures as being asso-
ciated with greater difficulty in controlling them. Furthermore, seizures can have imme-
diate and long-term adverse consequences on the immature and developing brain
(Shany et al., 2007). Irrespective of immediate attempts to suppress the neonatal
seizures with AEDs, the risk for subsequent neuro-developmental deficits and early
death is substantial. Newborn infants with seizures are at risk for death, whereas sur-
vivors are at risk for neurological impairment, developmental delay, later epilepsy and
cognitive impairment (Ronen et al., 2007). Hence, it is important to conduct systemat-
ic review of the evidence to determine the optimal diagnosis and treatment regimens for
the management of neonatal seizures.
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These guidelines have been produced in response to a request for guidance to manag-
ing of neonatal seizures, with the hope of highlighting as well as resolving some of the
controversies in this field, and to standardize practice. 

All health workers involved in the care of the newborn infant are commonly con-
fronted with the clinical problem of seizures in neonates. Despite the frequency of these
events, that can be acute, symptomatic or herald subsequent epilepsy, no clear answers
are currently available to major questions about their management nor are there evi-
dence-based guidelines for the management of neonatal seizures.

However, the clinical concerns go beyond those raised by physician-specialists.
Health-care providers with varying degrees of training have to face the issues of new-
borns with seizures, irrespective of the level of resources available at the facility they are
working at. The lack of guidelines for care in these settings is also an important health-
care problem to be addressed.

Accordingly, the Global Campaign Against Epilepsy, a World Health Organization
(WHO) partnership with the International League Against Epilepsy (ILAE) and the
International Bureau of Epilepsy (IBE), in collaboration with the Institute for Research on
Mental Retardation and Brain Aging (IRCCS) named Associazione Oasi Maria SS., a
WHO Collaborating Centre for Training and Research in Neuroscience (WHO/CC), con-
ducted systematic review of the literature to assist in developing evidence-based guide-
lines for the management of neonatal seizures.  The WHO Departments involved in the
development of these guidelines included the Department of Mental Health and
Substance Abuse and the Department of Maternal, Newborn, Child and Adolescent
Health. The WHO/CC Associazione Oasi Maria SS. (IRCCS), based in Troina (EN), Italy,
provided financial support for the development of guidelines and the organization of rel-
evant meetings. 

These guidelines are intended to be of use for neonatologists, paediatric neurolo-
gists, paediatricians, general practitioners, nurse practitioners, nurses and all the other
health professionals that may be responsible for addressing problems of newborns with
seizures occurring within the first 28 days of life (up to 44 weeks post-conception). The
document has been written so that it can be applied to care-givers practicing at a wide
range of health care facilities: from those with limited resources to those functioning as
tertiary care centres.
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METHODOLOGY
The Guideline Development Group (GDG) was convened to advise on the content and
process, interpretation of evidence and to formulate and finalize the recommendations.
It consisted of experts with multidisciplinary expertise and with an adequate regional
and gender representation. Multidisciplinary expertise that was sought included guide-
line development methodology, neonatology, paediatrics, paediatric neurology, primary
care, public health and epidemiology. A list of GDG members is provided in Annex 1. 

A conflict of interest declaration as per WHO rules was filled by all contributors. Helen
Cross (United Kingdom) reported receiving travel support for herself to attend meetings
(£5000) and honoraria for educational activities (£5000 for herself plus the research
unit) from Eisai, UCB and Janssen Cilag (in total combined) and being on the advisory
board of Eisai and UCB (£1000). Angelina Kakooza (Uganda) received international
scholarship award in 2005 for a 6-week fellowship in Boston from the American Epilepsy
Society as well as support from said Society to attend Society meetings in 2005 and
2007. Hans Hartmann (Germany) reported owning company shares in Pfizer for
US$10000 and Novartis for US$15000. The other members of the GDG reported no
conflict of interest. The declared conflicts of interest were reviewed by the technical
units and discussed with the Director of the responsible unit. During the meeting, all
members provided a verbal summary of their written declarations of interest. None of
the declared interest by the GDG members were considered significant as to affect the
proceedings of the GDG and for any further action to be taken.

At the first GDG meeting held in Troina, Sicily, Italy, on November 16-17, 2007, key
questions requiring an answer were drafted. The scoping questions focused on contro-
versial areas that needed to be covered or topics requiring changes in policy or prac-
tice. In addition to the scoping questions, outcomes were identified for evidence review
and making decisions and recommendations. These were rated as critical, important or
not important by the GDG members. Each of the questions deserved separate system-
atic reviews, taking into consideration the critical and important outcomes. The per-
formed systematic reviews were peer-reviewed by the GDG and also by external peer-
reviewers. 

The following questions were identified to be of the highest priority:

Background questions

• What is the prevalence of various causes of neonatal seizures in different geographi-
cal regions of the world?

• Which clinical factors and diagnostic tests best predict the prognosis of neonatal
seizures?

Questions directly related to management of neonatal seizures

1. Which newborn seizures require acute antiepileptic drug treatment?

2. What is the clinical efficacy of empirical treatment of newborns with seizures (prior to
laboratory tests) for hypoglycaemia, hypocalcaemia, and bacterial infection/meningitis?

3. Which is the preferred first-line antiepileptic drug for a newborn with seizures requir-
ing treatment with antiepileptic drugs?
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4. Which is the preferred second-line antiepileptic drug treatment for a newborn with
seizures not responding to maximal tolerated dose of phenobarbital?

5. If a newborn has seizures and is controlled on current antiepileptic drug treatment,
when should the medication be discontinued?

6. If a newborn has seizures and is controlled on current antiepileptic drug treatment,
how should the medication be discontinued?

7. What is the effect of prophylactic treatment of at-risk neonates with hypoxic-
ischaemic encephalopathy on mortality, recurrence of seizures and/or long-term neu-
rological outcomes?

8. What is the value of electroencephalography in the management of a newborn with
seizures? 

9. What is the value of imaging of the cranium/head in diagnosis, evaluation of etiolo-
gy, treatment, and prognosis of the newborn with seizures? 

Selection of studies 

We searched all published trials utilizing random or quasi-random patient allocation as
well as observational studies for useful information related to the priority questions.
Recent review articles were also searched to ensure inclusion of specific references rele-
vant to the question. For the question on epidemiology of neonatal seizures (NS), we
also referred to national chapters of International League Against Epilepsy (ILAE) – the
international professional epilepsy non-governmental organization (NGO) – to get infor-
mation on country-based databases and any prevalence studies on NS that may not
have been published in indexed journals. 

Type of participants

Full-term neonates with clinical and/or electrographic seizures, commencing within the
first 28 days of life and preterm neonates presenting with clinical and/or electroen-
cephalograhic seizures commencing before a corrected age of 28 days (44 weeks post-
conception).

Search strategy, data abstraction and synthesis of the evidence

Literature search was performed using all key words consecutively. The explored data-
bases are enclosed in the Appendix. Studies were stratified according to type of inter-
vention or exposure, study design, birth weight and gestational age where possible.
Effects were expressed as relative risks (RR) or odds ratios (OR) for categorical data and
as mean differences (MD) or weighted mean differences (WMD)  for continuous data
wherever possible. When available, results adjusted for potential confounders – partic-
ularly for observational studies – were preferred to unadjusted results. When results
adjusted for potential confounders were not available, unadjusted results were used. All
the studies reporting on a critical outcome are summarized in the table of individual
studies (Annex 2).
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We considered pooled effects for developing recommendations, wherever feasible.
When results of three or more randomized controlled trials (RCTs) were available for an
outcome, and the overall quality of evidence using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) approach was at least “low”,
observational studies were not considered. However, when there were 2 or less RCTs for
an outcome or the quality of evidence was “very low”, we pooled the effects from RCTs
with those from available cohort and case-control studies. When pooled effects were
available from published systematic reviews and no new studies were identified, we
used the published pooled effects. When considering new studies, we updated the
pooled effects using “metan” command in Stata 11.0. The same was done when no
published pooled effects were identified. For pooling, we used the author reported
adjusted effect sizes and confidence intervals as far as possible. We used random effects
models for meta-analysis either when important inconsistency in effects was found or
random effects model was not unduly affected by small studies. When pooling of results
was not possible, we used the range of effect sizes observed in the individual studies in
developing recommendations.

All relevant reviews were summarized and the evidence was synthesized using the
GRADE methodology where possible (Atkins et al., 2004). In case it was not possible to
GRADE the evidence, a study-by-study table was developed to summarize and assess
the quality of the evidence. Annex 2 provides the evidence synthesis.

A few pragmatic instructions and adaptations to guide the application of GRADE were
developed to increase consistency by ensuring that the same background logic was
employed in assessing the evidence for each scoping question. These instructions were
used to rate the five aspects considered in the quality assessment: (1) limitations (risk for
bias); (2) inconsistency; (3) indirectness; (4) imprecision; (5) reporting bias. The quality
of the set of studies included – reporting results for an outcome – was graded as: high,
moderate, low or very low. The interpretation of the above grades in these guidelines is
the following:

High: One can be sure that the intervention is beneficial, has no effect or is harmful.
Results, including the magnitude of the pooled effect, are unlikely to change with new
studies.

Moderate: One can be reasonably sure that the intervention is beneficial, has no effect or
is harmful. However, the magnitude of the pooled effect may change with new studies.

Low: Although it is likely, one cannot be sure the intervention is beneficial, has no effect
or is harmful. The magnitude of the pooled effect is uncertain and is likely to change
with new studies.

Very low: One cannot be certain about the effects of the intervention. 

One of the difficulties in using GRADE is that the evidence base for an outcome may
include studies with varying methodological quality and sample size. We therefore
included the weight of the studies in the estimation of the pooled effect to make judg-
ments about the quality of the set of included studies. The criteria used to grade the
quality of evidence are shown in Table 2. We used a cut-off of 50% of total weight of
evidence for rating the study design, limitations in methods, and directness. For consis-
tency, we used a cut-off of 75% of total weight. 

Grading the quality
of evidence

13

_ _



L
im

it
at

io
n

s 
in

 M
et

h
od

s
B

as
ed

 o
n 

m
et

ho
ds

 o
f s

tu
di

es
 w

it
h 

>
50

%
 

of
 w

ei
gh

t o
f e

vi
de

nc
e 

D
es

ig
n

 

B
as

ed
 o

n 
de

si
gn

of
 

st
ud

ie
s 

w
it

h
>

50
%

 o
f 

w
ei

gh
t

of
 e

vi
de

nc
e

A
ll

oc
at

io
n

 
co

n
ce

al
m

en
t 

(t
he

 tw
o 

co
m

pa
ra

bl
e 

gr
ou

ps
 a

nd
 lo

w
 

ri
sk

 o
f r

ev
er

se
 

ca
us

al
it

y)
 

B
li

n
d

in
g 

o
r 

ot
h

er
 

ap
p

ro
ac

h
es

 
to

 r
ed

u
ce

 
m

ea
su

re
m

en
t 

bi
as

 

L
os

s 
to

 
 fo

ll
o

w
-u

p
 

A
n

al
ys

is
 

in
te

n
ti

on
 to

 
tr

ea
t;

 c
lu

st
er

 
ad

ju
st

ed
 if

 
ap

p
li

ca
bl

e 
(a

dj
us

te
d 

fo
r 

co
nf

ou
nd

in
g)

P
re

ci
si

on
 

B
as

ed
 o

n 
95

%
C

I 
of

 th
e 

po
ol

ed
ef

fe
ct

 s
iz

e 
 

C
on

si
st

en
cy

 

B
as

ed
 o

n 
th

e 
di

re
ct

io
n 

of
 e

ff
ec

t s
iz

e 
of

 >
2

st
ud

ie
s 

w
it

h 
>

75
%

 o
f 

w
ei

gh
t o

f e
vi

de
nc

e

D
ir

ec
tn

es
s 

B
as

ed
 o

n 
di

re
ct

ne
ss

 o
f 

st
ud

ie
s 

w
it

h 
>

50
%

 
of

 w
ei

gh
t o

f 
ev

id
en

ce

O
ve

ra
ll

 Q
u

al
it

y 
of

 E
vi

d
en

ce
  

B
as

ed
 o

n 
th

e 
sc

or
e

to
ta

l i
n 

co
lu

m
ns

 
on

 th
e 

le
ft

If
 R

C
T,

 
th

en
 =

 0
 

If
 q

ua
si

-R
C

T,
 

th
en

 =
 -

0.
5 

(I
f

ob
se

rv
at

io
na

l,
th

en
 =

  -
1.

0)

If
 a

llo
ca

ti
on

 
co

nc
ea

lm
en

t 
ad

eq
ua

te
, 

th
en

 =
 0

 

If
 a

llo
ca

ti
on

 
co

nc
ea

lm
en

t 
in

ad
eq

ua
te

 /
 

un
kn

ow
n,

 
th

en
 =

 -
0.

5 

N
ot

 a
pp

lic
ab

le
 if

 
qu

as
i-

ra
nd

om
iz

ed
  

(I
f o

bs
er

va
ti

on
al

 
st

ud
ie

s 
w

it
h 

im
po

rt
an

t r
is

k 
of

 
se

le
ct

io
n 

bi
as

 o
r 

re
ve

rs
e 

ca
us

al
it

y,
th

en
 =

 -0
.5

)

If
 b

lin
di

ng
 to

 
in

te
rv

en
ti

on
, 

th
en

 =
 0

 

If
 “

ob
je

ct
iv

e”
 

ou
tc

om
e,

 
th

en
 =

 0
 

If
 o

ut
co

m
e 

no
t 

“o
bj

ec
ti

ve
” 

bu
t 

ob
se

rv
er

s 
bl

in
de

d,
 

th
en

 =
 0

; 
if

 n
ot

, 
th

en
 =

 -
0.

5 

If
 d

if
fe

re
nc

e 
in

 
m

ea
su

re
m

en
t 

pr
oc

ed
ur

es
 fo

r 
th

e 
tw

o 
co

m
pa

ri
so

n 
gr

ou
ps

, 
th

en
 =

 -
0.

5 

If
 c

oh
or

t 
fo

llo
w

ed
 u

p,
 

an
d 

<
20

%
 lo

st
, 

th
en

 =
 0

; 
if

 n
ot

, 
th

en
 =

  -
0.

5 

If re
pr

es
en

ta
ti

ve
 

cr
os

s 
se

ct
io

na
l 

su
rv

ey
s,

 
th

en
 =

 0
; 

if
 n

ot
, 

th
en

 =
 -

0.
5 

If
 in

te
nt

 to
 tr

ea
t 

an
al

ys
is

, 
th

en
 =

 0
; 

if
 n

ot
, 

th
en

 =
 -

0.
5 

 

If
 c

lu
st

er
 R

C
T 

an
d 

an
al

ys
is

 
cl

us
te

r-
ad

ju
st

ed
, 

th
en

 =
 0

; 
if

 n
ot

, 
th

en
 =

 -
0.

5 

(I
f o

bs
er

va
ti

on
al

 
st

ud
ie

s 
ad

ju
st

ed
 

fo
r 

co
nf

ou
nd

in
g 

th
en

 =
 o

, 
if 

no
t, 

th
en

=
 -0

.5
)

If
 C

I 
do

es
 n

ot
 

in
cl

ud
e 

“n
ul

l”
, a

nd
 

bo
th

 C
I 

lim
it

s 
m

ea
n 

m
ea

ni
ng

fu
l b

en
ef

it
 

or
 u

na
cc

ep
ta

bl
e 

ha
rm

, 
th

en
=

 0
 

If
 C

I 
do

es
 n

ot
 

in
cl

ud
e 

“n
ul

l”
, b

ut
 C

I
w

id
er

 th
an

 a
bo

ve
, 

th
en

=
 -

0.
5 

If
 C

I 
in

cl
ud

es
 “

nu
ll”

, 
an

d 
bo

th
 C

I 
lim

it
s 

ex
cl

ud
e 

m
ea

ni
ng

fu
l 

be
ne

fi
t o

r 
un

ac
ce

pt
ab

le
 h

ar
m

, 
th

e n
=

 0
 

If
 C

I 
in

cl
ud

es
 “

nu
ll”

, 
bu

t  
C

I 
w

id
er

 th
an

 
th

e 
ab

ov
e,

 
th

en
=

  -
1.

0 

If
 >

3 
st

ud
ie

s 
an

d 
po

ol
ed

 e
ff

ec
t i

nd
ic

at
es

 
m

ea
ni

ng
fu

l b
en

ef
it

 o
r 

un
ac

ce
pt

ab
le

 h
ar

m
, 

an
d 

in
di

vi
du

al
 s

tu
di

es
 

in
 th

e 
sa

m
e 

di
re

ct
io

n 
as

 p
oo

le
d 

ef
fe

ct
, 

th
en

=
 0

, 
if

 n
ot

, 
th

en
=

  -
1.

0 

If
 >

3 
st

ud
ie

s 
an

d 
po

ol
ed

 e
ff

ec
t i

nd
ic

at
es

 
no

 e
ff

ec
t, 

an
d 

in
di

vi
du

al
 s

tu
di

es
 a

ls
o 

in
di

ca
te

 n
o 

ef
fe

ct
, 

th
en

 =
 0

, 
if

 n
ot

, 
th

en
=

  -
1.

0 

If
 o

nl
y 

tw
o 

st
ud

ie
s 

w
it

h 
ef

fe
ct

 s
iz

es
 in

 
sa

m
e 

di
re

ct
io

n,
 th

en
 =

 
-0

.5
, i

f e
ff

ec
t s

iz
es

 in
 

di
ff

er
en

t d
ir

ec
ti

on
s,

 
th

en
=

 -
1.

0 
 

If
 s

in
gl

e 
st

ud
y,

 
th

en
=

  -
1.

0 

If
 p

op
ul

at
io

n 
as

 
w

el
l a

s 
in

te
rv

en
ti

on
 in

 
st

ud
ie

s 
sa

m
e 

as
 

th
os

e 
of

 in
te

re
st

, 
th

en
 =

 0
  

If
 o

ne
 o

f t
he

 tw
o 

di
ff

er
en

t f
ro

m
 th

at
 

of
 in

te
re

st
 , 

th
en

 =
 -

0.
5 

If
 b

ot
h 

di
ff

er
en

t 
fr

om
 th

os
e 

of
 

in
te

re
st

, 
th

en
 =

 -
1.

0 

If
 fi

na
l s

co
re

 =
 0

 
or

  -
0.

5,
 

th
en

 H
IG

H

If
 fi

na
l s

co
re

 =
 -

1 
or

 -1
.5

, 
th

en
 

M
O

D
E

R
A

T
E

If
 fi

na
l s

co
re

 =
 -

2 
or

 -2
.5

, 
th

en
 L

O
W

If
 fi

na
l s

co
re

 
-3

, 
th

en
 V

E
R

Y
 L

O
W

14 TA
B

LE
2 

- 
G

R
A

D
E

C
R

IT
ER

IA
FO

R
A

SS
ES

SI
N

G
TH

E
Q

U
A

LI
TY

O
F

EV
ID

EN
C

E

_ _



The second GDG meeting was organized on March 6-8, 2009 to draft and finalize the
recommendations. A two-step process was followed to draft the recommendations.
First, the evidence was summarized and quality of evidence assessed for all the ques-
tions. The GDG then considered the summary and quality of evidence, balance between
benefits and harms, values and preferences of policy-makers, health care providers and
parents, feasibility and resource use; in addition, costs were analyzed to see whether
they could be qualitatively justifiable by the benefits to formulate the recommendation
for all the questions, irrespective of the GRADE being u sed for assessing the quality of
evidence. On the basis of considerations on the balance between desirable and undesir-
able effects, quality of evidence, values, preferences and feasibility issues, the GDG
additionally provided a judgment on the strength of each recommendation, to be cate-
gorized as strong or weak. We anticipated that, in some circumstances, recommenda-
tions may apply only if specific conditions are met. Indeed, they were context-specific
recommendations, as indicated for the recommendations where relevant.

The strength of a recommendation reflects the degree of confidence to the extent
that the desirable effects of adherence to a recommendation outweigh the undesirable
effects. Desirable effects can include beneficial health outcomes, less burden and sav-
ings. Undesirable effects can include harms, more burden and higher costs. Burdens are
the demands of adhering to a recommendation that patients or caregivers (e.g. families)
may dislike, such as having to undergo more frequent tests or opting for a treatment
that may require a longer time for recovery.

Although the degree of confidence is a continuum, the GRADE system defines two
categories: strong and weak.  

• A strong recommendation is one for which the panel is confident that the desir-
able effects of adherence to a recommendation outweigh the undesirable effects.
This can be either in favour of or against an intervention.

• A weak recommendation is one for which the panel concludes that the desirable
effects of adherence to a recommendation probably outweigh the undesirable
effects, but the panel is not confident about these trade-offs. Reasons for not
being confident can include:

› absence of high quality evidence
› presence of imprecise estimates of benefits or harms
› uncertainty or variation in how different individuals value the outcomes
› small benefits
› the benefits may not be worth the costs (including the costs of implementing

the recommendation).

Despite the lack of a precise threshold between a strong and a weak recommenda-
tion, the presence of important concerns about one or more of the above reasons makes
a weak recommendation more likely. In addition, some of the recommendations were
context-specific, i.e. some recommendations, be strong or weak, might not be appli-
cable in all settings. 

Implications of a strong recommendation are as follows:
• For patients: most people in this situation would want the recommended course of

action and only a small proportion would not.
• For clinicians: most patients should receive the recommended course of action.

Adherence to this recommendation is a reasonable measure for good quality care.
• For policy makers: the recommendation can be adopted as a policy in most situa-

tions. Quality initiatives could use this recommendation to measure variations in
quality.

Implications of a weak recommendation are as follows:
• For patients: the majority of people in this situation would want the recommend-

ed course of action, but many would not.

Formulation
of recommendations
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• For clinicians: be prepared to help patients to make a decision that is consistent
with their own values.

• For policy makers: there is a need for substantial debate and involvement of stake-
holders.

The scoping questions and outcomes as well as the evidence reviews were circulated for
peer-review to experts from different regions of the world. An audit was kept for all the
comments received from the external reviewers; comments were discussed and agreed
upon by the GDG members.

During the meetings, the designated member of the GDG presented the systematic
review of the evidence, balance between benefits and harms, values and preferences,
resource use and feasibility issues. All the above issues were discussed by the GDG for
each of the scoping questions. Agreement was reached by consensus. The “review by
date” was discussed by GDG members and it was decided that Department of Mental
Health and Substance Abuse will review the guidelines for any update required 5 years
after its publication.

A print and electronic version of the guidelines will be published for wider dissemination
and easy access for the target audiences. In addition, the guidelines would be dissemi-
nated by partners involved in its development through their networks. Articles based on
the guidelines would also be submitted to journals for its wider dissemination to scien-
tific audience. 

The guidelines will be field-tested in different health settings and by different cadres
of health care providers before its implementation. Following the field test and any nec-
essary revisions, guidelines will be considered for inclusion in the standard WHO train-
ing materials, including the Integrated Management of Childhood Illness (IMCI), the
Integrated Management of Pregnancy and Childbirth (IMPAC), and Pocketbook for
Hospital Care for Children.
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What is the prevalence of various
causes of neonatal seizures in differ-
ent geographical regions of the
world?

BACKGROUND QUESTION

Salient findings

• Given the differences in characteristics of the underlying populations, study designs,
study sites, and  classification and definitions used, it is difficult to provide a single esti-
mate of the prevalence of different disease conditions in neonates with seizures.

• Among neonates with seizures, the reported ranges of median prevalence are the fol-
lowing: hypoxic-ischaemic encephalopathy (HIE): 38-48%; hypoglycaemia: 3-7.5%;
hypocalcaemia: 2.3-9%; central nervous system (CNS) infections: 5.5-10.3% (see
Table 3).

• The prevalence of these four common etiologies do not appear to be different
between term and preterm neonates. Also, we did not find any rate differences
between the studies published before and after 1990. 

• Studies have reported higher frequency of neonatal seizures (NS) in males than in
females as well as in Black rather than in White infants or infants from other ethnici-
ties and in preterm babies (Bergman et al., 1983; Saliba et al., 1999; Saliba et al.,
2001).

• Most of the studies were conducted in developed country settings, with only very few
studies conducted in developing countries.

Prevalence of different etiologies in infants with neonatal seizures (%)  Study 
population 

Date of  
publication
of studies Hypoxic-ischaemic 

encephalopathy  Hypoglycaemia Hypocalcaemia 
Central Nervous 

System 
Infections 

<1990 48% (13 to 83) 
[3 studies]

5.5% (5 to 6.5) 
[3 studies]

9% (2.6 to 20) 
[3 studies]

10.3% (9.5  to 12) 
[2 studies]

Term 
neonates 

>1990 38% 
[1 study]

- - 7.5% 
[1 study]

<1990 40% 
[1 study]

3%
[1 study]

2.3% (1.5 to 3) 
[2 studies]

5.5% (5 to 6) 
[2 studies]

Preterm 
neonates  

>  - - - - 0991

<1990 42.5% (12.5 to 77) 
[16 studies]

6% (1 to 13) 
[7 studies]

6% (0.5 to 43) 
[10 studies]

10% (0.7 to 24) 
[14 studies]

Both term 
and 
preterm 
OR
unknown 
gestation  

>1990 40% (12 to 80) 
[10 studies]

7.5% (4 to 13) 
[2 studies]

5% (5 to 5)  
[2 studies]

8.5% (2 to 16) 
[8 studies]

Median (range); see Annex 2 for details of individual studies 

Note: Data stratified by date of publication (before and after 1990) because of the availability of

better monitoring and diagnostic modalities that could help in easy identification of studies in the

latter period

TABLE 3 - PREVALENCE OF NEONATAL SEIZURES
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Which clinical factors and diagnostic
tests best predict the prognosis of
neonatal seizures?

Summary of evidence – Salient findings

• Studies included in the review mainly provided a moderate level of evidence because
of the limitations in study populations, study design, and insufficient duration of the
clinical follow-up and sparse data. Also, lack of electroencephalography (EEG) confir-
mation in some studies might influence the study results because of inclusion of
neonates with electro-clinical and clinical seizures of possible non-epileptic events. All
studies, except for one, were conducted in developed countries, in settings well
equipped to accurately diagnose and monitor seizures and therapy, and to assess the
outcomes. Therefore, all the findings might not be applicable in settings with limited
resources (see Annex 2 for details of individual studies). 

• In general, prognosis and outcomes of NS are determined by neurological examina-
tion during infancy and later in life, long-term neurodevelopment, and presence of the
post-neonatal epilepsy. The most reliable early predictors of later neurological out-
comes are the underlying etiology of the seizures and specific EEG background
patterns. 

• Multiple rather than single factors seem to be most accurate in predicting outcome.
Nearly all variables relate to the degree of brain injury at the time of seizure occur-
rence which, in turn, relates to etiology. 

• The interictal EEG from one or serial recordings, the ictal EEG and findings on neu-
roimaging are selected as most powerful methods for NS prognosis. Background EEG
activity is significantly and independently related to the neurodevelopment outcome.

• An abnormal neurological examination appears to be related to an adverse outcome
as well. Since this parameter is independent from any diagnostic equipment, it should
be a part of the follow-up plan for infants with neonatal seizures in any settings.

• As preterm neonates appear to have a higher risk for long-term adverse outcome than
term infants with NS, they have to be followed more closely for abnormal neurologi-
cal development.

• Different, standardized instruments are available for assessment of neurodevelopment
in infants; they could be adapted to the specific population. The age-appropriateness
and the quality of expertise are crucial for their quality and reliability. 

• The effects of antiepileptic drugs (AEDs) on the immature and developing brain are
not clear. There is no convincing data that short-term or long-term therapies adverse-
ly alter cognitive function. No study addressing this issue was found. 

• Concerning the limitations of nonrandomized, cohort or observational studies, a
prospective, multicentre, randomized placebo-controlled trial with long term clinical
follow-up of neurological and cognitive outcomes is recommended. Instruments of
the assessment should be adapted to the low-resource settings.
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Summary of evidence – Values and benefits

• In newborns with seizures, work-up should be initiated quickly to determine the cause,
depending upon the facilities available. We did not identify any randomized controlled
trials or well conducted observational studies examining the effects of AED treatment
compared with no treatment in infants with NS. 

• There is some evidence from observational studies that serial, ongoing seizures are
detrimental to the developing brain; there is also some evidence that electrical seizures
may be associated with worse outcome if not controlled.

• Though a significant clinical benefit has not been demonstrated in the past, the pos-
sible benefits of treatment with AEDs outweigh possible harms with no evidence of
clinically relevant adverse effects of adequate and short term AED treatment.

Recommendation(s)

• Clinically apparent seizures in the neonate should be treated if they last more than 3
minutes or are brief serial seizures (strong recommendation).

• In specialized care facilities where electroencephalography is available, all electrical
seizures, even in the absence of clinically apparent seizures, should also be treated
(strong, context-specific recommendation).
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Which newborn seizures require
acute antiepileptic drug treatment?

QUESTION 1

QUESTIONS DIRECTLY RELATED TO MANAGEMENT OF NEONATAL SEIZURES

_ _



Summary of evidence – Values and benefits

• There is no evidence from trials to support or reject empirical treatment (prior to lab-
oratory tests) for hypoglycaemia, hypocalcaemia and bacterial or viral infections.

• The prevalence of hypoglycaemia in neonates with seizures is 3-7.5% (Table 3).
Hypoglycaemia can be deleterious and is associated with sequelae including epilepsy
(Caraballo et al., 2004). A risk/benefit analysis of empirical treatment of hypogly-
caemia is not available. The possible harm with treatment is the worsening of hyper-
glycaemia in some neonates with HIE. Since blood glucose can easily be measured at
low cost, this should be performed before treatment.

• The prevalence of hypocalcaemia in neonates with seizures varies between different
studies with a range of 2.3-9% (Table 3). The studies reporting high incidences were
published in the 1970s (Keen & Lee, 1973, and Langevin, 1974). With better nutri-
tional management, the incidence of hypocalcaemia may since have declined.
However, the data available are not sufficient to prove this assumption. Measurement
of blood calcium is possible in hospital settings without time delay, although less eas-
ily available than measurement of blood sugar. When given intravenously, calcium
may cause significant harm, i.e. asystole or skin necrosis. The benefit vs. harm ratio for
empirical treatment of hypocalcaemia before laboratory tests cannot be assessed.

• Data on different etiologies of neonatal seizures are highly inconsistent (Table 3).
There is not sufficient evidence to describe regional differences. The only available
study from an African country found a very high incidence of bacterial infections in
neonates with seizures admitted to a hospital in Kenya (Idro et al., 2008). This study
may be biased because only infants referred to hospital were included. The authors did
not state whether the neonates showed other clinical signs of infection and gave no
information about laboratory tests performed. Since oral treatment of neonatal sepsis
or pyogenic meningitis is not considered as a standard therapy, empirical treatment
would imply intravenous therapy.

• Congenital herpes simplex virus infection is a rare cause of NS. A population-based
case-control study found an increased odds ratio of 2.9 for a history of vaginal deliv-
ery/maternal herpes simplex infection in infants presenting with seizures within the
first 72 hours of life (Hall et al., 2006). The authors did not state whether the neonates
showed other clinical signs of infection. Since oral treatment of congenital herpes sim-
plex virus infection is not considered as a standard therapy, empirical treatment would
imply intravenous therapy. A benefit vs. harm ratio of such treatment cannot be
assessed due to paucity of data.

• Pyridoxine dependent epilepsy is a rare disease with an incidence of about 1:396 000
(Been et al., 2005) compared to the overall incidence of neonatal seizures between
1:71 and 1:1000. Other treatable neonatal epileptic encephalopathies with metabolic
causes, such as pyridoxal-phosphate dependent epilepsy, probably are even less fre-
quent. The diagnosis of pyridoxine dependent epilepsy can be established clinically by
a positive response to treatment with pyridoxine. Failure to diagnose this condition
may have deleterious effects on affected neonates, but delay in treatment of other
underlying etiologies may also cause harm. A benefit vs. harm ratio of empirical treat-
ment with pyridoxine cannot be calculated.
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What is the clinical efficacy of
empirical treatment of newborns
with seizures (prior to laboratory
tests) for hypoglycaemia,
hypocalcaemia, and bacterial
infection/meningitis?

QUESTION 2
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Recommendation(s)

• In all neonates with seizures, hypoglycaemia should be ruled out and treated if pres-
ent, before anti-epileptic drug treatment is considered (strong recommendation).

• If facilities for measuring glucose are not available, consider empirical treatment with
glucose (weak, context-specific recommendation).

• If there are clinical signs suggestive of associated sepsis or meningitis, central nervous
system infection should be ruled out by doing a lumbar puncture, and treated if pres-
ent with appropriate antibiotics (strong recommendation).

• If facilities for lumbar puncture are not available, consider empirical treatment with
antibiotics for neonates with clinical signs of sepsis or meningitis (weak, context-spe-
cific recommendation).

• In all neonates with seizures, serum calcium should be measured (if facilities are avail-
able) and treated if hypocalcaemia is present (strong, context-specific recommendation).

• In the absence of hypoglycaemia, meningitis, hypocalcaemia or another obvious
underlying etiology, such as hypoxic-ischaemic encephalopathy, intracranial haemor-
rhage or infarction, pyridoxine treatment may be considered before antiepileptic drug
treatment, in a specialized centre where this treatment is available (weak, context-spe-
cific recommendation).
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Summary of evidence – Values and benefits

• Commonly used first-line AEDs for treatment of NS are phenobarbital and phenytoin. 

• There is very low quality evidence from a single randomized controlled trial (RCT) that
the two drugs are equally effective (Table 4); it should, however, be noted that only
about 55% of newborns respond to either of the two medications.

• Phenobarbital is easier to administer with a one daily dose being sufficient following
attainment of therapeutic levels. Phenytoin has more severe adverse effects than phe-
nobarbital including cardiac side effects and extravasation (although these have been
mitigated by the introduction of fosphenytoin). The therapeutic range of phenytoin is
very narrow and blood levels need to be measured to a greater degree than phenobarbital. 

• Phenobarbital is also cheaper and more easily available than phenytoin.

Recommendation(s) 

• Phenobarbital should be used as the first-line agent for treatment of neonatal seizures;
phenobarbital should be made readily available in all settings (strong recommendation).

Which is the preferred first-line
antiepileptic drug for a newborn
with seizures requiring treatment
with antiepileptic drugs?

QUESTION 3

OUTCOME No. of 
studies

Design Limitations 
in methods 

Precision Consistency Generalizability/
Directness

Overall 
Quality 

of
Evidence

Pooled effect 
size (95% CI) 
or range of 

effect sizes if 
pooling not 

possible at all 

Seizure 
control

1 RCT 

(0)

Limitations in 
allocation of 
subjects and 

blinding 

(-1.0) 

Effect not 
significant, 
with wide 

CI 

(-1.0) 

Single 
study 

(-1.0) 

From developed 
country setting 

(-0.5) 

VERY 
LOW 

(Total 
score = 

-3.5) 

RR 0.97 
(0.54, 1.72) 

See Annex 2 for detailed GRADE profiles and tables of individual studies

TABLE 4 - FIRST-LINE ANTIEPILEPTIC DRUGS FOR NEONATAL SEIZURES: GRADE PROFILE SUMMARY

_ _
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Summary of evidence – Values and benefits

• We identified only one observational study that compared midazolam with
phenytoin as the second-line AED. The quality of evidence was graded as very
low. There was a significant benefit in seizure control with midazolam as the
second-line AED; there was, however, no benefit or harm in the long-term neu-
rodevelopmental outcomes (Table 5).

• Two studies have examined the effects of lidocaine and benzodiazepines on seizure
control. The quality of evidence was very low. There was no difference between the
two (Pooled RR: 1.78, 95% CI: 0.90 to 3.52). No significant effect was observed on
the long-term neurodevelopment either (Table 5).

• Compared to benzodiazepines, lidocaine has a narrow therapeutic range and also
requires cardiac monitoring while being administered. Moreover, it may not be readi-
ly available in all settings. On the other hand, benzodiazepines have a higher risk in
causing respiratory depression. Phenytoin also requires cardiac monitoring during
administration.

Recommendation(s) 

• In neonates who continue to have seizures despite the administering of the maximal
tolerated dose of phenobarbital, either a benzodiazepine or phenytoin or lidocaine
may be used as the second-line agent for control of seizures, the use of phenytoin or
lidocaine requiring cardiac monitoring facilities (weak recommendation).

Which is the preferred second-line
antiepileptic drug treatment for a
newborn with seizures not respond-
ing to maximal tolerated dose of
phenobarbital?

QUESTION 4

_ _
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Summary of evidence – Values and benefits

• Evidence from observational studies suggests that a large proportion of neonates in
whom the seizure control is achieved and who have normal findings on neurological
examination, EEG, neuroimaging or combination thereof are at a low risk (< 10%) for
recurrence of seizures (Table 6). Normal neurological examination includes normal
sensorium and ability to breastfeed, and absence of abnormal findings in formal neu-
rological examination; normal EEG means absence of spikes and normal background
activity.

• There is very low quality evidence for significant benefits in seizure recurrence and for
no benefits or harms in other outcomes like epilepsy, cerebral palsy or developmental
delay following stoppage of AEDs compared with continuing therapy in neonates
(Table 6).

• Given the saving on costs for both parents and health care systems, policy-makers and
health providers are likely to give a high value to stopping AEDs in the neonatal period.

• No information is available regarding the time interval between achieving seizure con-
trol and discontinuing AEDs; the seizure-free interval suggested here (72 hours) is
largely based on expert opinion. 

Recommendation(s) 

• In neonates with normal neurological examination and/or normal electroencephalog-
raphy, consider stopping antiepileptic drugs if seizure-free for >72 hours; the drug(s)
should be reinstituted in case of recurrence of seizures (weak recommendation).  
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If a newborn has seizures and is con-
trolled on current antiepileptic drug
treatment, when should the medica-
tion be discontinued?

QUESTION 5
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Summary of evidence – Values and benefits

• There is no available data to suggest that gradual withdrawal of AEDs has effects on
short term outcome such as breakthrough seizures and mortality as well as on long
term outcomes, e.g. epilepsy or neurodevelopmental impairment.

• There is no data regarding the sequence of withdrawal of AEDs in the case of neonate
who has had seizures and is controlled on multiple AEDs.

• The current treatment practices with regard to the mode of discontinuing AED treat-
ment appears to vary widely between different settings and countries. 

• Due to paucity of data, the following recommendations were formulated based on
expert opinion.

Recommendation(s) 

• In neonates in whom seizure control is achieved with a single antiepileptic drug, the
drug can be discontinued abruptly without any tapering of the doses (weak recom-
mendation).

• In neonates requiring more than one antiepileptic drugs for seizure control, the drugs
may be stopped one by one, with phenobarbital being the last drug to be withdrawn
(weak recommendation).
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If a newborn has seizures and is con-
trolled on current antiepileptic drug
treatment, how should the medica-
tion be discontinued?

QUESTION 6
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Summary of evidence – Values and benefits

• We identified two studies – one RCT and one observational – that evaluated the effect
of prophylactic therapy on mortality in infants with HIE. The quality of evidence was
graded as very low. There was no significant effect on mortality (pooled RR: 1.80,
95% CI: 0.78 to 4.19). A 1.80 RR with wide confidence intervals means that we can-
not entirely rule out a significant harm in mortality with prophylactic phenobarbital
treatment (Table 7).

• We found two RCTs studies examining the effect of the prophylactic therapy on abnor-
mal neurological outcome. One study reported the outcome at discharge, while the
other reported the incidence at 3 years of age. The quality of evidence was graded as
moderate. The pooled effect was 56% (95% CI: 24% to 79%) reduction in the risk of
abnormal neurological outcome. The fact that the significant pooled effect essentially
comes from a single study, however, decreases the confidence in this outcome (Table 7).

• We identified 4 studies - three RCTs and one observational - that looked at the effect
of the above therapy on the incidence of seizures during the initial hospital stay. These
studies used different doses of phenobarbital (10 to 40 mg/kg). The quality of evi-
dence was graded as very low. There was no difference in the risk of subsequent
seizures (pooled RR: 0.84, 95% CI: 0.34 to 2.09; Table 7).

• There is a debate about adverse effects of AEDs on the developing brain but no evi-
dence from clinical studies. No prophylactic therapy would avoid additional medica-
tion and associated costs. Given these considerations and low-to-very low quality evi-
dence for not significant benefits in important outcomes, policy-makers and health
providers are unlikely to give a high value to prophylactic treatment with phenobarbital.

Recommendation(s) 

• In the absence of clinical seizures, neonates with hypoxic-ischaemic encephalopathy
do not need to be given prophylactic treatment with phenobarbital (strong recom-
mendation).
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What is the effect of prophylactic
treatment of at-risk neonates with
hypoxic-ischaemic encephalopathy
on mortality, recurrence of seizures
and/or long-term neurological out-
comes?

QUESTION 7
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Summary of evidence – Values and benefits

Prospective studies. Prospective cohort studies (Ronen et al., 2007; Tekgul et al.,
2006; Ortibus et al., 1996; Pisani et al., 2008b; Plouin et al., 1981; Dreyfus-Brisac et
al., 1981; Bye et al., 1997) have reported an association between NS and abnormal
neurological outcome, morbidity, and mortality; similarly, Mizrahi & Kellaway (1987)
and Rowe et al. (1985) noted that EEG characteristics can help determine etiology and
outcomes. One study (McBride et al., 2000) observed an association between the
amount of electrographic seizure activity and subsequent mortality and morbidity in
infants at risk for seizures and in infants with perinatal asphyxia. Normal EEG in the
neonatal period has been reported to have a sensitivity of 96% and a specificity of
81% in predicting the absence of seizures in the first two years of life (Laroia et al.,
1998); another study (Kerr et al., 1990) found that EEG can help predict persistence of
seizures. While some studies (Scarpa et al., 1983; Kumar et al., 2007; Bye & Flanagan,
1995) noted that the use of EEG could help with anticonvulsant management, others
(Connell et al., 1989) showed mixed results to this regard.

Retrospective studies. Several studies (Khan et al., 2008; Pisani et al., 2008a; Carrascosa
et al., 1996) have reported an association between abnormal EEG findings and neurolog-
ical outcome, including developmental delay, epilepsy and death. While one study (Van
Rooij et al., 2007) noted that the duration – but not background pattern – was associat-
ed with neurodevelopmental outcome, other studies (Staudt, 1990; Domenech-Martinez
et al., 2003) reported a good correlation between abnormal background activity and
prognosis. Serial EEGs (Tharp et al., 1981) as well as EEG on the first day of life (Pezzani
et al., 1986) have also been reported to help determine long-term prognosis.

• EEG is the most accurate method for confirming that a clinical event is of epileptic ori-
gin, which is consistent with values and preferences of accurate diagnosis. However,
the standard method of diagnosis is the clinical recognition of neonatal seizures.

• The risk of performing an EEG on a neonate is minimal, predominantly related to tran-
sient discomfort and scalp irritation. 

• While performing EEG, certain factors need to be considered such as minimally accept-
able standard for the equipment and facilities, minimal training requirements for EEG
technicians and interpretation of EEG by a trained person.

• The cost for performing an EEG (purchase and instrumentation maintenance, purchase
of supplies, personnel) may overwhelm health care facilities with limited resources; net
benefits are context-specific. In general, the net benefits are worth the costs.

• The application of EEG to determine specific etiological factors is rather limited.
Although there are some EEG patterns that may be specific for certain neonatal brain
disorders, these conditions are very few, represent a small proportion of risk factors
and are no longer the critical diagnostic test for these disorders. Although the relative
harm of performing an EEG is negligible, there appears to be no benefit in performing
the EEG for this purpose alone when other more definitive testing is available (such as
neuroimaging or infectious disease diagnostics).

• Although the sequence of response to AEDs has been described by observational stud-
ies, the effect has not been quantified. Studies titrating AED therapy to elimination of
electrographic seizures have not been performed. Where available, recording of EEG
to assess the efficacy of treatment is consistent with values and preferences of limit-
ing sequels of neonatal seizures. However, the net benefits are context-specific. In
resource-challenged health care centres where EEG is not available, response to treat-
ment is best assessed by clinical observation.

What is the value of electroen-
cephalography  in the management
of a newborn with seizures?

QUESTION 8

_ _



• The purpose of recording EEG for prognosis determination is based upon the idea of
maximizing infant potential through early intervention. While there may be enhanced
accuracy in the prediction of long-term outcome by utilizing EEG, serial recordings
would imply a cost to be borne both on families and health care systems for data that
may not have immediate implications.    

Recommendation(s) 

• Where available, all clinical seizures in the neonatal period should be confirmed by
electroencephalography (strong, context-specific recommendation).

• Electroencephalography should not be performed for the sole purpose of determining
the etiology in neonates with clinical seizures (strong recommendation).
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Summary of evidence – Values and benefits

Ultrasound (US). One study (Malik et al., 2005) reported that in about 10% of infants
with NS an abnormal finding was found on head US, while another study (Alcover-
Bloch et al., 2004) reported 43% of infants with abnormal head US.

Computed tomography (CT)/Magnetic Resonance Imaging (MRI). One study
reported that in term neonates with seizures MRI findings did not correlate with either
clinical signs of perinatal distress or perinatal causes of cerebral injury (Rollins et al.,
1994); similarly, another study noted that severity of seizures in newborns with perina-
tal asphyxia is independently associated with brain injury and is not limited to damage
detectable by MRI (Miller et al., 2002).

US vs. CT/MRI. One retrospective study reported that about 43% of neonates with
seizures had an abnormal head US, while only 31% had abnormal findings on CT
and/or MRI (Rollins et al., 1994); another study (Mercuri  et al., 1995) noted that 88%
(14/16) of neonates with seizures had haemorrhage or ischaemia detected on MRI,
with 11 of them detectable by US, and that MRI could detect ischaemic lesions earlier
than US.

• There are no data to support the use of neuroimaging in determining whether clinical
or electrographic seizures are present. However, it can be a useful tool in the diagno-
sis of intracranial lesions that may be associated with NS.

• Each modality – US, CT or MRI – has its relative strengths and weakness in the diag-
nosis of various intracranial disorders; their conduct does not support any values or
preferences when used in this way.

• These tests can be expensive and resource-consuming. In addition, the technology
may be difficult to maintain and operate in low-resource areas.

• There are no data supporting the use of neuroimaging to determine the efficacy of
AED treatment.

• There is low quality evidence that the findings of neuroimaging can be utilized as one
of several factors in determining long-term outcome; the benefit to conduct these
tests to assess prognosis is unclear, and related to the etiologic findings.

Recommendation(s) 

• Radiological investigations (ultrasound, computed tomography and magnetic reso-
nance imaging) of the cranium/head should not be performed to determine the pres-
ence or absence of clinical seizures or to evaluate the efficacy of treatment with
antiepileptic drugs in neonates (strong recommendation).

• They may be performed as part of the comprehensive evaluation of the etiology of
neonatal seizures or to determine prognosis in neonates with seizures (weak, context-
specific recommendation).
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What is the value of imaging of the
cranium/head in diagnosis, evalua-
tion of etiology, treatment, and prog-
nosis of the newborn with seizures?

QUESTION 9

_ _
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Annex 2: GRADE profiles and summary of individual studies

Note. GRADE could not be applied to epidemiological data

Study 
population 

Study 
period 

Hypoxic-ischaemic 
encephalopathy 

Hypoglycaemia Hypocalcaemia CNS infection 

 Until 
1990

Eriksson 
& Zetterström - 48% 
Rose & Lombroso - 13% 
Gunn & Cable - 83% 

   Range: 13 to 83% 
   Median: 48% 

Eriksson & 
Zetterström - 6.5% 
Rose & 
Lombroso - 5% 
Gunn & Cable - NA 

   Range: 5 to 6.5% 
   Median: 5.5% 

Eriksson & 
Zetterström - 2.6% 
Rose & 
Lombroso - 20% 
Gunn & Cable - 9% 

   Range: 2.6 to 20% 
   Median: 9% 

Eriksson & 
Zetterström - 12% 
Rose & 
Lombroso - 9.5% 
Gunn & Cable – NA 

   Range: 9.5 to 12% 
   Median: 10.3% 

Only full term 
neonates 

 Since 
1990

Lien et al.- 38% 

   Range: NA 
   Median: 38% 

Lien et al. - NA Lien et al. - NA  Lien et al. - 7.5% 

   Range: NA 
   Median: 7.5% 

Mixed (full 
term and 
preterm 
neonates) or 
not known 

 Until 
1990

Craig - NA 
Schulte - 54% 
Keen & Lee - 12,5% (+ICH)
Combes et al. - 77% 
(+ICH) 
Rossiter et al. - NA  
Dennis - 44% (including 
hypoglycaemia and 
hypocalcaemia) 
Andre et al. - 56% 
McInerny 
& Schubert - 33% 
Langevin - 57%  
Ellison et al. - 24% 
Holden et al.  - NA 
Ment et al. - 32% 
Goldberg - 30 to 41% 
Bergman et al. - 59% 
Zalneraitis - 74% 
Tudehope et al. - 40% 

   Range: 12.5% to 77% 
   Median: 42.5% 

Craig - NA 
Schulte - NA  
Keen & Lee - 4% 
Combes et al. - NA 
Rossiter et al. - 13% 
Dennis - 12% 
Andre et al. - 1.4% 
McInerny & 
Schubert - 7% 
Langevin - NA  
Ellison et al. - NA 
Holden et al. - NA   
Ment et al. - NA 
Goldberg - 1 to 11% 
Bergman et al. - 5% 
Zalneraitis - NA  
Tudehope et al. - NA 

Range: 1% to 13% 
Median: 6% 

Craig 0.5% 
Schulte - NA  
Keen & Lee - 42% 
Combes et al. - 10% 
Rossiter et al. - NA  
Dennis - 14% (pure) 
Andre et al. - 2.8% 
McInerny & 
Schubert - 30% 
Langevin - 43% 
Ellison et al. - 2% 
Holden et al. - NA  
Ment et al. - NA  
Goldberg - 4 to 6% 
Bergman et al. - 
1.5% 
Zalneraitis - NA  
Tudehope 
et al. - NA 

 Range: 0.5% to 43%
 Median: 6% 

Craig - 6% 
Schulte - 7% 
Keen & Lee - 0.7% 
Combes et al. - 7% 
Rossiter et al. - 13% 
Dennis - NA 
Andre et al. - 24% 
McInerny & 
Schubert - 10% 
Langevin - NA  
Ellison et al.  - 3% 
Holden et al. - 17% 
Ment et al. - 11% 
Goldberg - 4 to 5% 
Bergman et al. - 12%
Zalneraitis - 13% 
Tudehope et al. - 11%

Range: 0.7% to 24% 
Median: 10% 

Since 
1990

Toet et al. - 80% 
Legido et al. - 35% 
Lanska & Lanska - 40% 
Ortibus et al. - 37% 
Ronen et al. - 40% 
Brunquell et al.  - 49% 
Garcias da Silva 
et al. - 34% 
Bye et al. - 42% 
Idro et al. - 12% 

   Range: 12% to 80% 
   Median: 40% 

Toet et al. - NA 
Legido et al. - NA 
Lanska & Lanska - 
NA 
Ortibus et al. - NA 
Ronen et al. - 13% 
Brunquell et al. - NA 
Garcias da Silva 
et al. - NA  
Bye et al. - 4% 
Idro et al. - NA 

   Range: 4% to 13% 
   Median: 8.5% 

Toet et al. - NA 
Legido et al. - NA 
Lanska & 
Lanska - NA 
Ortibus et al. - NA 
Ronen et al. - 5% 
Brunquell et al. - NA
Garcias da Silva 
et al. - NA 
Bye et al. - NA 
Idro et al. - 5% 

Toet et al. - NA 
Legido et al. - 12.5% 
Lanska & Lanska -   
Ortibus et al. - 9% 
Ronen et al. - 8% 
Brunquell et al. - 2% 
Garcias da Silva 
et al. - 13% 
Bye et al. - 6% 
Idro et al. - 6% 

   Range: 2% to 13% 
   Median: 8% 

Until 
1990

Seay & Bray - 87% 
(birthweight<2,5kg) 

   Range: 40% to 87% 
   Median: 63.5 % 

Watkins et al. -      40% 

Seay & Bray - NA 
Watkins et al. - 3% 

   Range: NA 
   Median: 3% 

Seay & Bray - 3% 
Watkins et al. - 1.5% 

   Range: 1.5% to 3% 
   Median: 2.3% 

Seay & Bray - 6% 
Watkins et al. - 5% 

   Range: 5% to 6% 
   Median: 5.5% 

Preterm 
neonates or 
low birth 
weight 

Since 
1990

 ---   ---   ---   ---  

NA= not available

Prevalence of various
causes of neonatal
seizures in different
geographical regions
of the world

TABLE 1

_ _



Summary of individual studies

Note. GRADE criteria could not be applied to epidemiological data

Prospective studies. Ronen et al. (2007), Tekgul et al. (2006), Ortibus et al. (1996),
Pisani et al. (2008b), Plouin et al. (1981), Dreyfus-Brisac et al. (1981) and Bye et al.
(1997) conducted prospective cohort studies, noting an association between neonatal
seizures and abnormal neurological outcome, morbidity, and mortality. Both Mizrahi &
Kellaway (1987) and Rowe et al. (1985) noted that EEG characteristics can help deter-
mine etiology and outcomes. McBride et al. (2000) noted an association between the
amount of electrographic seizure activity and subsequent mortality and morbidity in
infants at risk for seizures and in infants with perinatal asphyxia. Similarly, Laroia et al.
(1998) noted that a normal EEG in the neonatal period is associated with the absence
of seizures within the first two years of life, with a sensitivity of 0.96 and specificity of
0.81. Kerr et al. (1990) found that EEGs can help predict persistence of seizures. Scarpa
et al. (1983),  Kumar et al. (2007) and Bye & Flanagan (1995) noted that use of EEG
could help with anticonvulsant management, while Connell et al. (1989) showed
mixed results to this regard.  Murray et al. (2008) noted that only one third of neonates
with electrographic seizures had clinical signs. 

Retrospective studies. Khan et al. (2008), Pisani et al. (2008a) and Carrascosa et al.
(1996) noted an association between abnormal EEG findings and neurological out-
come, including developmental delay, epilepsy and death. Van Rooij et al. (2007)
noted that duration, but not background pattern, was associated with neurodevelop-
mental outcome. Tharp et al. (1981) noted that using serial EEGs (also in the neona-
tal period) can help determine prognosis, including neurodevelopmental outcomes.
Hosain et al. (2003) noted that EEG helped identify apnoeic seizures. Pezzani et al.
(1986) noted that EEG on the first day of life can help assess the degree of brain injury.
Radvanyi-Bouvet et al. (1985) noted that in premature infants EEG can be helpful in
assessment and therapy of atypical seizures. Staudt (1990) noted a correlation
between abnormal background activity and prognosis. Domenech-Martinez et al.
(2003) noted that moderately to markedly abnormal background EEG activity had a
high positive predictive value for abnormal outcomes and can be helpful in assessing
response to therapy.   

Value of electroencepha-
lography in the
management of a
newborn with seizures
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Summary of individual studies

Note. GRADE criteria could not be applied to epidemiological data

Malik et al. (2005) noted that approximately 10% of neonates with seizures showed an
abnormal finding on head ultrasound (US).  Alcover-Bloch et al. (2004) noted retrospec-
tively that approximately 43% of neonates with seizures had an abnormal head US,
while 31% had abnormal findings on CT and/or MRI. Rollins et al. (1994) noted that in
term neonates with seizures, MRI findings did not correlate with either clinical signs of
perinatal distress or perinatal causes of cerebral injury, while Krishnamoorthy et al.
(2000) found that MRI helped identify seizure etiology. Miller et al. (2002) reported the
severity of seizures in newborns with perinatal asphyxia as being independently associ-
ated with brain injury and not limited to damage detectable by MRI. Keeney et al.
(1991) noted that in neonates prospectively determined to be at risk for neurologic
handicap, US detected 79% of lesions demonstrated by MRI, whereas only 41% were
detected by CT. Mercuri et al. (1995) found that 88% (14/16) of neonates with seizures
had haemorrhage or ischaemia noted on MRI, with 11 of these detectable by US, and
that MRI could detect ischaemic lesions earlier than US.  

Value of cranium/head
imaging in the manage-
ment of a newborn with
seizures
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Patients: neonates with seizures

Intervention (exposure): treatment
with one or more antiepileptic drugs

Control (unexposed): care as usual

Outcomes: mortality, seizure control,
and abnormal neurological outcome

48

Need for treatment with
antiepileptic drugs in
neonates with seizures
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Patients: neonates with seizures
requiring treatment

Intervention (exposure): phenobarbi-
tal as the first-line drug

Control (unexposed): any other
antiepileptic drug as the first-line
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First-line antiepileptic
drug for treatment of
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52

Preferred second-line
antiepileptic drug for
treatment of neonatal
seizures
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Patients: neonates with seizures that
are not controlled by the first-line
treatment (predominantly pheno-
barbital)

Intervention (exposure): benzodi-
azepines 

Control (unexposed): phenytoin 

Summary tables of
individual studies
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Patients: neonates with seizures that
cannot be controlled by using the
first-line treatment (predominantly
phenobarbital)

Intervention (exposure): lidocaine
(lignocaine) 

Control (unexposed): benzodiazepines
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56

Patients: neonates with seizures that
are not controlled by the first-line
treatment (predominantly phenobar-
bital)

Intervention (exposure): stopping
antiepileptic drugs (at discharge) 

Control (unexposed): continuing
antiepileptic drugs after discharge
from the hospital

When to stop
antiepileptic drugs in
neonates with seizures? 
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We did not identify any studies – either RCTs or observational – that compared differ-
ent regimens of stopping AEDs.
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ischaemic encephalopathy (but yet to
develop seizures)

Intervention (exposure): prophylactic
treatment with phenobarbital or other
antiepileptic drugs

Control (unexposed): no prophylaxis

Prophylactic treatment
with phenobarbital in
neonates with
hypoxic-ischaemic
encephalopathy
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Summary of evidence

Empirical treatment of hypoglycaemia
Hypoglycaemia can be deleterious and is associated with sequelae including epilepsy
(Caraballo et al., 2004). A risk/benefit analysis of empirical treatment is not available.
Possible risks include worsening of hyperglycaemia in neonates with HIE, which is the
most frequent etiological factor associated with NS. Since blood glucose can easily be
measured at low cost, this should be performed before treatment. 

Empirical treatment of hypocalcaemia
The incidence/prevalence of hypocalcaemia in neonates with seizures is highly variable.
Studies that have found a very high incidence were published in the 1970s (Keen et al.,
1973; Langevin,1974). With better nutritional management, the incidence of hypocal-
caemia may ever since have declined. However, the data available are not sufficient to
prove this assumption. Measurement of blood calcium is possible in hospital settings
without time delay though less easily available than measurement of blood sugar. When
given intravenously, calcium may cause significant harm, i.e. asystoly or skin necrosis.
The benefit vs. harm ratio of empirical treatment of hypocalcaemia before laboratory
tests cannot be assessed.

Empirical antibiotic treatment
Data on different etiologies of neonatal seizures are highly inconsistent. There is not suf-
ficient evidence to describe regional differences. However, in the only available study
from an African country, Idro and colleagues recently found a very high incidence of
bacterial infections in neonates with seizures admitted at a hospital in Kenya (Idro et al.,
2008). This study may be biased because only neonates referring to the hospital were
included. Authors do not state whether the neonates showed other clinical signs of
infection and give no information about laboratory tests performed. Since oral treatment
of neonatal sepsis or pyogenic meningitis is not considered as a standard therapy, empir-
ical treatment implies intravenous therapy. 

Empirical antiviral treatment
Congenital herpes simplex virus infection is a rare cause of NS. In their population-based
case-control study, Hall et al. found an increased odds ratio of 2.92 for a history of vagi-
nal delivery/maternal herpes simplex infection in neonates presenting with seizures
within the first 72 hours of life (Hall et al., 2006). The authors do not state whether the
neonates showed other clinical signs of infection. Since oral treatment of congenital her-
pes simplex virus infection is not considered as a standard therapy, empirical treatment
implies intravenous therapy. A benefit vs. harm ratio cannot be assessed due to paucity
of data.

Empirical pyridoxine treatment
Pyridoxine dependent epilepsy is a rare disease with an incidence of definite and prob-
able cases of 1:396,000 (Been et al., 2005) compared to the overall incidence of NS
between 1:71 to 1:1000. Other treatable neonatal epileptic encephalopathies with
metabolic causes, such as pyridoxal-phosphate dependent epilepsy probably are even
less frequent; only case reports and small series of patients have been published and an
incidence cannot be calculated. Diagnosis of pyridoxine dependent epilepsy can be
established clinically by a positive response to treatment with pyridoxine. Failure to diag-
nose this condition may have deleterious effects on affected neonates, but delay in
treatment of other underlying etiologies may also cause harm. A benefit vs. harm ratio
cannot be calculated.

No controlled trials were identified
and therefore GRADE could not be
applied

Empirical treatment for
hypoglycaemia,
hypocalcaemia and
infections with seizures
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Outcome: recurrence of seizures

Patients: neonates with seizures that
are controlled by one or more
antiepileptic drugs

Exposed group: infants with the said
predictor in neonatal period/at dis-
charge 

Unexposed group: infants with
abnormal neurological examination in
neonatal period/at discharge

Predicting the prognosis
in neonates with
seizures
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Search methods for identification of studies

The following databases were searched:
a) Cochrane Central Register of Controlled Trials (CENTRAL, The Cochrane Library,

Issue 3, 2008: http://www3.interscience.wiley.com/cgi-bin/mrwhome/106568753/
HOME?CRETRY=1&SRETRY=0)

b) MEDLINE any date (http://www.ncbi.nlm.nih.gov/sites/entrez)
c) Cabi Global Health database (http://www.cabi.org/home.asp)
d) National Library of Medicine (NLM) Gateway (http://gateway.nlm.nih.gov/gw/Cmd)
e) Centre for Reviews and Dissemination (CRD); web site: http://www.crd.york.ac.uk/

crdweb/ (DARE: Database of Abstracts of Reviews of Effects plus NHS) 
f) International registers of ongoing clinical trials ISRCTN (http://www.controlled-

trials.com/isrctn/)
g) Embase (http://www.embase.com/)
h) Ovid MEDLINE database (http://gateway.ovid.com/autologin.html). Studies from

1950 to end of week 3 Nov 2008
i) Abstracts of annual meetings of Society of Pediatric Academic Societies 2000-2008

(http://www.abstracts2view.com/pasall)
j) A bibliographic database of Indian biomedical journals (http://indmed.nic.in/)
k) Manual search of abstracts of annual meetings of National Neonatology Forum of India
l) Wiley Inter Science journals database was searched
m) National Guidelines Clearinghouse was searched matching some of the keywords
n) Hand search within the International journals and Congress/Conference proceedings,

and reference lists of the retrieved papers/studies (http://www.who.int/hinari/en/)

Search terms

The electronic search strategy involved keywords, using the search fields of abstract,
MeSH subject heading, exploded subject heading, subject heading word, text word and
title. The following key words were used:

• seizures • outcomes • septicaemia
• convulsions • EEG • pyridoxine
• newborn • predicting factors • prognosis
• neonate • phenytoin • neurodevelopment
• treatment • phenobarbital • long-term
• anticonvulsant drugs • midazolam • diagnostic tests
• neuro* examination • diazepam
• clinic*examination • lidocaine/lignocaine
• hypocalcaemia • term
• meningitis • preterm
• herpes simplex • hypoglycaemia

Moreover, combinations of the above terms were used, employing the search fields of
abstract, MeSH subject heading, exploded subject heading, subject heading word, text
word and title.

Limits

Human, English, Clinical Trial, Meta Analysis, Practice Guideline, Randomised Controlled
Trial, Review, Comparative study, Consensus Development Conference, NIH, Controlled
Clinical trial, English abstract and Multicenter study. 
And combinations with these key words.
Limitations: Clinical trial 
Due to the paucity of documents retrieved with the above mentioned limitations, the
search was repeated several times excluding some of the limitations. 83
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a) Cochrane Central Register of Controlled Trials

CENTRAL, The Cochrane Library, Issue 3, 2008 (http://www3.interscience.wiley.
com/cgi-bin/mrwhome/106568753/HOME?CRETRY=1&SRETRY=0), 
Cochrane Controlled Trials Registry Search
Date: Issue 3, 2008
newborn, seizures, treatment and anticonvulsants.
The search retrieved 52 titles: 10 Cochrane reviews, one other review and 41 clinical tri-
als.

b) MEDLINE any date (http://www.ncbi.nlm.nih.gov/sites/entrez)

Search Number 1
Limits: Humans, Clinical Trial, Randomized Controlled Trial, Systematic review,
Newborn: birth-1 month

Search Most Recent Queries Time Result
#15 Search (#3) AND (#14) Limits: Humans, 14:31:51 243

Clinical Trial, Randomized Controlled Trial,
Newborn: birth-1 month

#14 Search convulsions Limits: Humans, Clinical Trial, 14:30:51 861
Randomized Controlled Trial, Review, Newborn:
birth-1 month

#13 Search ((#1) AND (#7)) AND (#6) Limits: Humans, 14:28:51 12
Clinical Trial, Randomized Controlled Trial,
Newborn: birth-1 month

#12 Search (#1) AND (#7) Limits: Humans, 14:28:27 17
Clinical Trial, Randomized Controlled Trial,
Newborn: birth-1 month

#11 Search (((#1) AND ) AND (#2)) AND (#5) Limits: 14:27:41 18
Humans, Clinical Trial, Randomized Controlled Trial,
Newborn: birth-1 month

#10 Search (#1) AND (#4) Limits: Humans, 14:26:56 58
Clinical Trial, Randomized Controlled Trial,
Newborn: birth-1 month

#9 Search (#1) AND (#3) Limits: Humans, 14:26:28 56
Clinical Trial, Randomized Controlled Trial,
Newborn: birth-1 month

#8 Search (#1) AND (#2) Limits: Humans, 14:24:04 114
Clinical Trial, Randomized Controlled Trial,
Newborn: birth-1 month

#7 Search phenytoin Limits: Humans, Clinical Trial, 14:19:57 22
Randomized Controlled Trial,
Newborn: birth-1 month

#6 Search phenobarbital Limits: Humans, Clinical Trial, 14:19:48 129
Randomized Controlled Trial,
Newborn: birth-1 month

#5 Search barbiturates Limits: Humans, Clinical Trial, 14:19:38 153
Randomized Controlled Trial,
Newborn: birth-1 month

#4 Search antiepileptic drugs Limits: Humans, 14:19:19 316
Clinical Trial, Randomized Controlled Trial,
Newborn: birth-1 month

#3 Search anticonvulsants Limits: Humans, 14:19:06 314
Clinical Trial, Randomized Controlled Trial,
Newborn: birth-1 month84
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#2 Search treatment Limits: Humans, Clinical Trial, 14:18:51 10427
Randomized Controlled Trial,
Newborn: birth-1 month

#1 Search seizures Limits: Humans, Clinical Trial, 14:18:28 147
Randomized Controlled Trial,
Newborn: birth-1 month

Search Number 2 (Repeated search in MEDLINE)
Limits: Humans, Clinical Trial, Randomized Controlled Trial, Review, Newborn: birth-1 month

Search Most Recent Queries Time Result
#18 Search (#3) AND (#14) Limits: Humans, 03:15:51 243

Clinical Trial, Randomized Controlled Trial,
Newborn: birth-1 month

#17 Search convulsions Limits: Humans, 03:14:51 861
Clinical Trial, Randomized Controlled Trial,
Review, Newborn: birth-1 month

#16 Search (#3) AND (#6) Limits: Humans, 03:09:51 50
Clinical Trial, Randomized Controlled Trial,
Review, Newborn: birth-1 month

#15 Search (#12) AND (#11) AND (#6) AND (#4) 03:04:57 3
Limits: Humans, Clinical Trial, Randomized
Controlled Trial, Review, Newborn: birth-1 month

#14 Search (#1) AND (#11) AND (#5) Limits: Humans, 03:02:41 7
Clinical Trial, Randomized Controlled Trial, Review,
Newborn: birth-1 month

#13 Search midazolam Limits: Humans, Clinical Trial, 03:02:07 70
Randomized Controlled Trial, Review,
Newborn: birth-1 month

#12 Search phenytoin Limits: Humans, Clinical Trial, 03:02:00 129
Randomized Controlled Trial, Review,
Newborn: birth-1 month

#11 Search phenobarbital Limits: Humans, Clinical Trial, 03:01:48 322
Randomized Controlled Trial, Review,
Newborn: birth-1 month

#10 Search (#1) ) AND (#4) AND (#6) Limits: Humans, 02:55:10 39
Clinical Trial, Randomized Controlled Trial, Review,
Newborn: birth-1 month

#9 Search (#3) AND (#6) Limits: Humans, Clinical Trial, 02:53:54 50
Randomized Controlled Trial, Review,
Newborn: birth-1 month

#8 Search (#1) AND (#3) AND (#5) Limits: Humans, 02:52:46 7
Clinical Trial, Randomized Controlled Trial, Review,
Newborn: birth-1 month

#7 Search (#1) AND (#2) AND (#6) Limits: Humans, 02:53:23 19
Clinical Trial, Randomized Controlled Trial, Review,
Newborn: birth-1 month

#6 Search duration Limits: Humans, Clinical Trial, 02:49:55 2159
Randomized Controlled Trial, Review,
Newborn: birth-1 month

#5 Search discharge Limits: Humans, Clinical Trial, 02:49:35 1078
Randomized Controlled Trial, Review,
Newborn: birth-1 month

#4 Search treatment Limits: Humans, Clinical Trial, 02:49:29 33688
Randomized Controlled Trial, Review,
Newborn: birth-1 month 85
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#3 Search antiepileptic drugs Limits: Humans, 02:49:20 919
Clinical Trial, Randomized Controlled Trial, Review,
Newborn: birth-1 month

#2 Search anticonvulsants Limits: Humans, Clinical Trial, 02:49:09 902
Randomized Controlled Trial, Review,
Newborn: birth-1 month

#1 Search seizures Limits: Humans, Clinical Trial, 02:48:59 792
Randomized Controlled Trial, Review,
Newborn: birth-1 month

Search Number 3 (in PubMed)
Limits: Humans, All Infant: birth-23 months

Search Most Recent Queries Time Result
#14 Search (#2) AND (#3) AND (#13) AND (#6) 11:12:14 22

Limits: Humans, All Infant: birth-23 months
#13 Search antiepileptic drugs Limits: Humans, 11:11:43 6698

All Infant: birth-23 months
#12 Search (#2) AND (#3) AND (#7) AND (#6) 11:05:28 14

Limits: Humans, All Infant: birth-23 months
#11 Search (#2) AND (#3) AND (#5) Limits: Humans, 11:04:13 22

All Infant: birth-23 months
#10 Search treatment Limits: Humans, 11:02:49 337306

All Infant: birth-23 months
#9 Search (phenytoin) AND (#2) AND (#3) 11:01:35 4

AND (#4)) AND (#6) Limits: Humans,
All Infant: birth-23 months

#8 Search phenytoin Limits: Humans, 11:01:13 949
All Infant: birth-23 months

#7 Search phenobarbital Limits: Humans, 11:01:04 1733
All Infant: birth-23 months

#6 Search discharge Limits: Humans, 11:00:49 7849
All Infant: birth-23 months

#5 Search anticonvulsants AND discharge Limits: 11:00:38 79
Humans, All Infant: birth-23 months

#4 Search anticonvulsants Limits: Humans, 11:00:29 6550
All Infant: birth-23 months

#3 Search newborn Limits: Humans, 11:00:19 400680
All Infant: birth-23 months

#2 Search seizures Limits: Humans, 11:00:06 10597
All Infant: birth-23 months

#1 Search Limits: Humans, 10:59:52 725448
All Infant: birth-23 months

Date 08/11/2008, 13/11/2008 and 28/11/2008: Initially, the search was limited to clinical tri-
als. However, only few papers were retrieved, most of which had to be excluded on the basis
of the title. Therefore, the search was repeated without limit and 346 titles were retrieved. 

Search Most Recent Queries Time Result
#6 Search pyridoxine neonate seizure 12:12:10 120
#5 Search neonate seizure meningitis clinical 12:11:18 91
#3 Search septicemia neonate seizure clinical 12:09:55 58
#2 Search hypocalcemia neonate seizure clinical 12:09:22 30
#1 Search hypoglycemia neonate seizure clinical 12:08:45 47

Search Most Recent Queries Time Results
#1 Search neonate seizure herpes 05:25:01 6086
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c) Cabi Global Health database (http://www.cabi.org/home.asp)

1 Neonatal screening for glutaryl-CoA dehydrogenase deficiency.
Lindner, M., Kölker, S., Schulze, A., Christensen, E. Greenberg, C. R., Hoffmann, G. F.
/ Journal of Inherited Metabolic Disease, 2004, Vol. 27, No. 6, pp. 851-859, 18 ref.

[Added:20050209]

2 Adverse effects of early phenobarbital administration in term
newborns with perinatal asphyxia.
Ajayi, O. A., Oyaniyi, O. T., Chike-Obi, U. D. / Tropical Medicine and International
Health, 1998, Vol. 3, No. 7, pp. 592-595, 13 ref.

[Added:19981205]

3 Phenylketonuria: contemporary screening and diagnosis.
Mabry, C. C. / Annals of Clinical and Laboratory Science, 1990, Vol. 20, No. 6, pp.
392-397, 18 ref.

[Added:19920829]

d) Search in NLM Gateway 1 (http://gateway.nlm.nih.gov/gw/Cmd)

Search History Clear History

NLM Gateway Search 1
Number Search Items Found Actions
#25 Search: newborn and convulsions and 195 View Results

anticonvulsants and Diazepam Delete
#24 Search: newborn and convulsions and 48 View Results

anticonvulsants and Lidocaine Delete
#23 Search: newborn and convulsions and 0 View Results

anticonvulsants and phenorbarbitone Delete
#22 Search: newborn and convulsions and 226 View Results

anticonvulsants and phenytoin Delete
#21 Search: (newborn and seizures and term and 62 View Results

treatment and Diazepam) and Phenytoin Delete
#20 Search: (newborn and seizures and preterm 14 View Results

and treatment) and Clinic* examination Delete
#19 Search: (newborn and seizures and preterm 7 View Results

and treatment) and Neuro* examination Delete
#18 Search: (newborn and seizures and preterm and 0 View Results

treatment and phenytoin) and Neuro* examination Delete
#17 Search: (newborn and seizures and preterm and 0 View Results

treatment and phenytoin) and Clinic* examination Delete
#16 Search: (neonates and convulsions and term and 386 View Results

treatment) and Diazepam Delete
#15 Search: (neonates and convulsions and term and 120 View Results

treatment) and Lidocaine Delete
#14 Search: (neonates and convulsions and 0 View Results

term and treatment) and Phenorbarbitone Delete
#13 Search: (neonates and convulsions and term 131 View Results

and treatment) and Phenytoin Delete
#12 Search: (neonates and convulsions and preterm 33 View Results

and treatment) and Diazepam Delete 87
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#11 Search: (neonates and convulsions and 7 View Results
preterm and treatment) and Lidocaine Delete

#10 Search: (neonates and convulsions and 0 View Results
preterm and treatment) and Phenorbarbitone Delete

#9 Search: (neonates and convulsions and 14 View Results
preterm and treatment) and Phenytoin Delete

#8 Search: (newborn and seizures and term and 102 View Results
treatment) and Phenytoin Delete

#7 Search: (newborn and seizures and term and 0 View Results
treatment) and Phenorbarbital Delete

#6 Search: (newborn and seizures and 0 View Results
term and treatment) and Phenorbarbitone Delete

#5 Search: (newborn and seizures and term 101 View Results
and treatment) and Lidocaine Delete

#4 Search: (newborn and seizures and term and 305 View Results
treatment) and Diazepam Delete

#3 Search: (newborn and seizures and preterm and 24 View Results
treatment) and Diazepam Delete

#2 Search: (newborn and seizures and preterm and 5 View Results
treatment) and Lidocaine Delete

#1 Search: (newborn and seizures and preterm and 0 View Results
treatment) and phenorbarbital Delete

NLM Gateway search 2
Clinical trials 18 titles retrieved

Number Search Items Found Actions
#8 Search: perinatal and seizures and 18 View Results

anticonvulsants and discharge Delete
#7 Search: neonatal and seizures and 66 View Results

anticonvulsants and discharge Delete
#6 Search: newborn and seizures and 55 View Results

anticonvulsants and discharge Delete
#5 Search: newborn and seizures and 275 View Results

phenytoin Delete
#4 Search: newborn and seizures and 682 View Results

phenobarbital Delete
#3 Search: seizures and newborn and 1100 View Results

antiepileptic drugs Delete
#2 Search: seizures and newborn 2968 View Results

and therapy Delete
#1 Search: seizures and newborn and 1070 View Results

anticonvulsants Delete

04. 11. 2008
Search in NLM Gateway (http://gateway.nlm.nih.gov/gw/Cmd)
Neonatal seizures  and prognosis  Summary: 1148 records found
Neonatal seizures  and prognosis, clinical trials, reviews  Summary: 57 records found

06.11.2008
Neonatal seizures and prognostic factors Summary: 69 records found
Neonatal seizures and prognostic factors, clinical trials  Summary: 9 records found
Neonatal seizures and prognostic tests  Summary: 27 records found
Neonatal seizures and prognostic tests, clinical trials  Summary: 10 records found
105 Items. were selected88
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e) Centre for Reviews and Dissemination - CRD
(http://www.crd.york.ac.uk/crdweb/) 

CRD (Centre for Review and Dissemination) consisting of DARE: Database of Abstracts
of Reviews of Effects, Structured abstracts of quality-assessed reviews and National
Institute for Health research (NHS) 

Search history Matching records
#1 neonatal seizures AND prognosis 0

RESTRICT YR 1990 2008
#2 neonatal seizures AND prognosis AND factors 0

AND tests RESTRICT YR 1970 2008

Search history Matching records
#1 newborn AND seizures AND treatment 6

RESTRICT YR 1998 2008

f) International registers of ongoing clinical trials ISRCTN
(http://www.controlled-trials.com/isrctn/)

Internet-based trials registers were searched for ongoing trials. The registers searched
were: Trials Central (www.trialscentral.org) which is a database of clinical trials registers
that gives access to Current Controlled Trials, made up of two registers, ISRCTN (a data-
base of randomized controlled trials with an international randomized controlled trial
number) and mRCT (metaRegister of controlled trials), a database combining registers
of ongoing randomized controlled trials in all areas of healthcare. Trials Central also links
to the Australasian Perinatal Trials Registry.

These registers were searched using keywords neonate and seizure.

International registers of ongoing clinical trials ISRCTN
http://www.controlled trials.com/isrctn/
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Internet-based trials registers (10.11.2008 and 30.09.2008) were searched twice for
ongoing trials. These registers were searched using keywords neonatal and seizures;
neonatal seizures and prognosis.

01 Effectiveness of sucrose analgesia in reducing pain responses in infants born
to diabetic and non-diabetic mothers: A randomized controlled trial 
Date assigned: 15 August 2005 

02 Levetiracetam (Keppra®) in neonates: safety of intravenous levetiracetam for
neonates with seizures 
Date assigned: 11 April 2007 

03 Minimizing needle poke pain in newborn infants with a pain relieving cream
and sugar water 
Date assigned: 23 August 2007 

04 Effect of timing of cord clamping on postnatal packed red blood cells value
and clinical outcome in term newborns: a randomised controlled trial 
Date assigned: 02 March 2005

These registers were searched using keywords neonatal and seizures; neonatal and
seizure and 7 trials retrieved: 

01 Effectiveness of sucrose analgesia in reducing pain responses in infants born
to diabetic and non-diabetic mothers: A randomized controlled trial
Date assigned: 15 August 2005

02 Levetiracetam (Keppra®) in neonates: safety of intravenous levetiracetam for
neonates with seizures 
Date assigned: 11 April 2007

03 Minimizing needle poke pain in newborn infants with a pain relieving cream
and sugar water
Date assigned: 23 August 2007

04 Effect of timing of cord clamping on postnatal packed red blood cells value
and clinical outcome in term newborns: a randomised controlled trial
Date assigned: 02 March 2005

05 Efficacy of zinc (given as an adjunct) in the treatment of severe and very
severe pneumonia in hospitalised children 2 to 24 months of age     
Date assigned: 23 April 2007

30.09.2008  / 10.11.2008
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06 The effect of treatment of neonatal electrographic seizures, detected with the
continuous cerebral function monitoring, with respect to occurrence of post-
neonatal epilepsy and neurodevelopmental outcome.
Date assigned: 20 December 2005

07 Whole body hypothermia for the treatment of perinatal asphyxial
encephalopathy  
Date assigned: 21 September 2000

Some of the titles were overlapped during the combined search.

g) Embase (http://www.embase.com/)

h) Ovid MEDLINE database (http://gateway.ovid.com/autologin.html).
Studies from 1950 to end of week 3 November 2008
Search History saved as “Neonatal seizures 1”

Search History (13 searches) (Click to expand) (Click to close) 

Searches Results Search Type Display
#1 (neonate and seizures and phenobarbital).mp. 24 Advanced Display

[mp=title, original title, abstract, name of
substance word, subject heading word]

#2 limit 1 to (abstracts and english language 22 Advanced Display
and humans)

#3 (neonate and seizures and phenytoin).mp. 15 Advanced Display
[mp=title, original title, abstract, name of
substance word, subject heading word]

#4 (neonate and seizures and lidocaine).mp. 4 Advanced Display
[mp=title, original title, abstract, name of
substance word, subject heading word]

#5 (neonate and seizures and diazepam).mp. 6 Advanced Display
[mp=title, original title, abstract, name of
substance word, subject heading word]

#6 (newborn and phenobarbital and 257 Advanced Display
anticonvulsants).mp. [mp=title, original title,
abstract, name of substance word, subject heading word]

#7 limit 6 to (abstracts and english language 160 Advanced Display
and humans)

#8 (newborn and phenytoin and anticonvulsants). 252 Advanced Display
mp. [mp=title, original title, abstract, name of
substance word, subject heading word]

#9 limit 8 to (abstracts and english language 146 Advanced Display
and humans)

#10 (newborn and midazolam and anticonvulsants). 26 Advanced Display
mp. [mp=title, original title, abstract, name of
substance word, subject heading word]

#11 (newborn and diazepam and anticonvulsants). 80 Advanced Display
mp. [mp=title, original title, abstract, name of
substance word, subject heading word]

#12 limit 11 to (abstracts and english language 41 Advanced Display
and humans)

#13 (newborn and lidocaine and anticonvulsants). 22 Advanced Display
mp. [mp=title, original title, abstract, name of
substance word, subject heading word]
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Ovid EEG
Database: Ovid MEDLINE(R) 1950 to Present with Daily Update

Search Strategy:
1 seizures/ or seizures, febrile/ (35556)
2 seizure$1.ti,ab. (61915)
3 1 or 2 (77985)
4 exp Infant, Newborn/ (429018)
5 3 and 4 (5098)
6 (newborn or neonat$2).ti,ab. (207340)
7 3 and 6 (3452)
8 7 or 5 (6211)
9 exp Electroencephalography/ (108506)
10 (Electroencephalogra$3 or eeg$1).ti,ab. (53047)
11 10 or 9 (117394)
12 8 and 11 (1604)
13 limit 12 to yr=”1980 - 2008” (1376)
14 from 13 keep 2 (1)
15 seizures/di or seizures, febrile/di (3153)
16 2 and di.fs. (14424)
17 16 or 15 (15441)
18 13 and 17 (733)
19 13 not 18 (643)
20 (outcome$1 or utility or value).ti,ab. (937651)
21 19 and 20 (157)
22 21 or 18 (890)
23 from 22 keep 1-500 (500)
24 from 22 keep 501-890 (390)

OVID ultrasound
Database: Ovid MEDLINE(R) 1950 to Present with Daily Update

Search Strategy:  
1 seizures/ or seizures, febrile/ (35556)
2 seizure$1.ti,ab. (61915)
3 1 or 2 (77985)
4 exp Infant, Newborn/ (429018)
5 3 and 4 (5098)
6 (newborn or neonat$2).ti,ab. (207340)
7 3 and 6 (3452)
8 7 or 5 (6211)
9 exp Electroencephalography/ (108506)
10 (Electroencephalogra$3 or eeg$1).ti,ab. (53047)
11 10 or 9 (117394)
12 8 and 11 (1604)
13 limit 12 to yr=”1980 - 2008” (1376)
14 from 13 keep 2 (1)
15 seizures/di or seizures, febrile/di (3153)
16 2 and di.fs. (14424)
17 16 or 15 (15441)
18 13 and 17 (733)
19 13 not 18 (643)
20 (outcome$1 or utility or value).ti,ab. (937651)
21 19 and 20 (157)
22 21 or 18 (890)
23 from 22 keep 1-500 (500)
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24 from 22 keep 501-890 (390)
25 Magnetic Resonance Imaging/ (190329)
26 25 or mri.ti,ab. (210510)
27 26 and 17 (3891)
28 limit 27 to yr=”1980 - 2008” (3891)
29 8 and 17 (1816)
30 26 and 29 (353)
31 from 30 keep 1-353 (353)
32 Tomography, X-Ray Computed/ (210791)
33 32 or ct.ti,ab. (267531)
34 33 and 29 (249)
35 from 34 keep 1-249 (249)
36 Ultrasonography/ or Ultrasonography, Doppler, Transcranial/ (63182)
37 ultrasound.ti,ab. (98222)
38 36 or 37 (140891)
39 38 and 29 (64)
40 limit 39 to yr=”1980 - 2008” (64)
41 from 40 keep 1-64 (64)

OVID CT
Ovid Technologies, Inc. Email Service

Search for: 33 and 29
Results: 1-249
Database: Ovid MEDLINE(R) 1950 to Present with Daily Update

Search Strategy:
1 seizures/ or seizures, febrile/ (35556)
2 seizure$1.ti,ab. (61915)
3 1 or 2 (77985)
4 exp Infant, Newborn/ (429018)
5 3 and 4 (5098)
6 (newborn or neonat$2).ti,ab. (207340)
7 3 and 6 (3452)
8 7 or 5 (6211)
9 exp Electroencephalography/ (108506)
10 (Electroencephalogra$3 or eeg$1).ti,ab. (53047)
11 10 or 9 (117394)
12 8 and 11 (1604)
13 limit 12 to yr=”1980 - 2008” (1376)
14 from 13 keep 2 (1)
15 seizures/di or seizures, febrile/di (3153)
16 2 and di.fs. (14424)
17 16 or 15 (15441)
18 13 and 17 (733)
19 13 not 18 (643)
20 (outcome$1 or utility or value).ti,ab. (937651)
21 19 and 20 (157)
22 21 or 18 (890)
23 from 22 keep 1-500 (500)
24 from 22 keep 501-890 (390)
25 Magnetic Resonance Imaging/ (190329)
26 25 or mri.ti,ab. (210510)
27 26 and 17 (3891)
28 limit 27 to yr=”1980 - 2008” (3891)
29 8 and 17 (1816) 93
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30 26 and 29 (353)
31 from 30 keep 1-353 (353)
32 Tomography, X-Ray Computed/ (210791)
33 32 or ct.ti,ab. (267531)
34 33 and 29 (249)
35 from 34 keep 1-249 (249)

OVID MRI
Database: Ovid MEDLINE(R) 1950 to Present with Daily Update

Search strategy:
1 seizures/ or seizures, febrile/ (35556)
2 seizure$1.ti,ab. (61915)
3 1 or 2 (77985)
4 exp Infant, Newborn/ (429018)
5 3 and 4 (5098)
6 (newborn or neonat$2).ti,ab. (207340)
7 3 and 6 (3452)
8 7 or 5 (6211)
9 exp Electroencephalography/ (108506)
10 (Electroencephalogra$3 or eeg$1).ti,ab. (53047)
11 10 or 9 (117394)
12 8 and 11 (1604)
13 limit 12 to yr=”1980 - 2008” (1376)
14 from 13 keep 2 (1)
15 seizures/di or seizures, febrile/di (3153)
16 2 and di.fs. (14424)
17 16 or 15 (15441)
18 13 and 17 (733)
19 13 not 18 (643)
20 (outcome$1 or utility or value).ti,ab. (937651)
21 19 and 20 (157)
22 21 or 18 (890)
23 from 22 keep 1-500 (500)
24 from 22 keep 501-890 (390)
25 Magnetic Resonance Imaging/ (190329)
26 25 or mri.ti,ab. (210510)
27 26 and 17 (3891)
28 limit 27 to yr=”1980 - 2008” (3891)
29 8 and 17 (1816)
30 26 and 29 (353)
31 from 30 keep 1-353 (353)

i) Abstracts of Annual meetings of Society of Pediatric Academic Societies
2000-2008 (http://www.abstracts2view.com/pasall)

j) A Bibliographic database of Indian biomedical journals (http://indmed.nic.in/)

k) Manual search of abstracts of annual meetings of National Neonatology Forum
of India.

l) Wiley Inter Science database was searched.
There were 37 results for: “Prognosis of neonatal seizures in All
Fields, in all subjects, in product type Journals”
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m) National Guideline Clearinghouse was search using word
associations: “neonatal seizure treatment”; “neonate seizure treatment”; “newborn
seizure treatment”; “neonatal seizure drug”; “neonate seizure drug”; “newborn seizure
drug”; “neonatal convulsions treatment”; “neonate convulsions treatment”; “newborn
convulsions treatment”; “neonatal convulsions drug”; “neonate convulsions drug”;
“newborn convulsions drug”.

n) Additional manual search was also done with standard Internet browser crossing. 

The words: neonatal, seizures, treatment and guidelines to eventually identify others
sites of interest.
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