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Abstract
Objective: Neonatal encephalopathy (NE) is a leading cause of childhood death 
and disability, particularly in sub-Saharan Africa. Detection of NE-related seizures 
is challenging. We explored NE seizure semiology and management in Uganda.
Methods: Video-EEG was recorded (days 1–5), seizure semiology reviewed ac-
cording to ILAE classification and administration of antiseizure medication 
(ASM) evaluated. Clinicians treated seizures based on the clinical presentation 
alone.
Results: Among 50 participants, 52% (26) had EEG-confirmed seizures; 70% (18) 
combined electroclinical/electrographic; 4% (1) exclusively electroclinical; 22% 
(6) electrographic. Of those with electroclinical seizures (19), 42% displayed >1 
semiology. Distribution of seizure semiology was; clonic 34% (11); autonomic 24% 
(8, of which 6 had prolonged ictal apnea); automatisms 18% (6); behavioral arrest 
12% (4); and sequential 12% (4). ASM was administered to 64% (32/50). Of those 
with EEG-confirmed seizures, only 62% (16/26) received ASM. In the non-seizure 
group, 38% (9/24) received ASM during monitoring. ASM was administered 42 
times, of which 45% (19) were considered appropriate.
Significance: In this Ugandan NE population, incidence of seizures was high 
and clinical manifestations frequent. Clonic, autonomic and automatisms were 
most common. Clinical management was challenging, with both under and over-
treatment evident. Respiratory impairment due to autonomic seizures frequently 
went unrecognized and is a prominent concern, particularly in settings without 
neonatal intensive care.
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1   |   INTRODUCTION

Intrapartum-related neonatal encephalopathy (NE) af-
fects over a million term newborns each year globally and 
is a substantial contributor to under 5 mortality and long-
term morbidity.1,2 The majority of infants affected by NE 
are born in low- and middle- income countries (LMICs) 
where neonatal intensive care and neuroprotective in-
terventions such as therapeutic hypothermia are not  
available.3,4 Seizures represent an important risk fac-
tor for adverse outcome after NE,5 however, prompt 
detection and treatment of NE-related seizures can be 
challenging.

Continuous video-electroencephalographic (cEEG) 
monitoring remains the gold standard investigation for 
the early assessment of brain injury severity and detection 
of seizures. However, the need for specialized equipment 
and related technical challenges mean that it remains 
largely unavailable in LMIC settings.6 As a result, acute 
provoked seizures occurring secondary to brain injury are 
at risk of being undetected or misdiagnosed, and hence 
not adequately treated, as shown in high-income coun-
tries (HICs).7 In the absence of cEEG, identification of 
seizures relies solely on clinical diagnosis.8–10 For this 
reason, there is an urgent clinical need to understand 
how seizures manifest among neonates with NE in LMIC 
settings. To date, most studies focusing on the semiology 
of neonatal seizures in NE have been conducted in HICs, 
including the recently updated seizure classification for 
neonates.11,12

Between 2019 and 2022, a facility-based NE cohort 
was established at Kawempe National Referral Hospital 
in Kampala, Uganda to explore the etiology, clinical 
course and early childhood outcomes after NE in a LMIC 
sub-Saharan African setting. The “Baby BRAiN” study 
aims to enhance understanding of NE and inform future 
research on neuroprotective strategies in settings where 
therapeutic hypothermia is not routinely practiced.13 As 
part of the study, recruited neonates received cEEG to 
examine electrographic brain activity and seizure bur-
den, providing the opportunity to examine seizure se-
miology and management among neonates with NE in 
the Ugandan setting. The primary aim of this sub-study 
was to explore the electroclinical semiology of neonatal 
seizures among NE infants receiving continuous mul-
tichannel video-EEG monitoring in Uganda, as per the 
new ILAE classification of neonatal seizures. In addi-
tion, we aimed to understand the relationship between 
seizures that were clinically suspected and treated at the 
cotside and retrospective analysis of simultaneous video-
EEG annotated seizures.

2   |   METHODS

2.1  |  Study setting and participants

Kawempe National Referral Hospital is located in 
Kampala, Uganda's capital city. It receives high-risk refer-
rals from across the city, delivering around 25 000 women 
each year with around 300–350 neonatal admissions for 
moderate-severe encephalopathy  each year [unpublished 
data]. Routine care during the sub-study period included 
simple continuous positive airway pressure ventilation, in-
travenous fluids including glucose, antibiotics and first line 
anti-seizure medication (ASM). Therapeutic hypothermia 
is not available, and care for NE infants is largely support-
ive. Facilities for continuous intrapartum fetal monitoring 
or cord/neonatal blood gas measurement are not routinely 
available. Between October 2019 and October 2020, infants 
with NE admitted to the neonatal unit were recruited to 
the “Baby BRAiN” study. Recruitment was limited by the 
suspension of all research in Uganda between March and 
July 2020, due to SARS-CoV-2 outbreak and related lock-
down, and by availability of cEEG equipment. Inclusion 
criteria for this observational cohort study were: ≥36 weeks' 
gestation on Ballard assessment; age <48 h at time of re-
cruitment; birth weight ≥1.8 kg; need for continued resus-
citation at birth and/or Apgar score ≤5 at 5 min; clinical 

Key points

•	 Intrapartum-related neonatal encephalopathy 
is a leading cause of early childhood morbidity 
and mortality, with the highest burden in sub-
Saharan Africa.

•	 Understanding seizure semiology of NE-related 
seizures is important to inform understand-
ing of clinical presentation and prompt seizure 
management.

•	 In this Ugandan neonatal encephalopathy co-
hort, of those with EEG confirmed seizures, 
most presented with clinical manifestations: 
clonic, autonomic and automatisms were the 
most common seizure types observed.

•	 Clinical diagnosis of seizures proved difficult 
with both under and over treatment evident.

•	 Respiratory impairment due to autonomic sei-
zures frequently went unrecognized as seizure 
activity and emerged as a prominent concern 
in this setting with limited access to neonatal 
intensive care.
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evidence of NE (defined as Thompson score ≥5)14; and pa-
rental informed written consent. The Thompson score is a 
numeric scoring system to assess the severity of perinatal 
asphyxia, derived from nine aspects of the neurological ex-
amination (tone, level of consciousness, seizures, posture, 
Moro reflex, grasp reflex, suck reflex, fontanelle findings 
and respiration); the total score ranges from 0 (normal) to 
22. Exclusion criteria included; neonates with major con-
genital malformations, absent heart rate at 10 min  and 
those where death was felt to be imminent, and mother liv-
ing permanently >20km away from the hospital. Relevant 
clinical and survival outcome data were collected locally 
by trained research personnel and included the presence of 
presumed clinical seizures based on abnormal movements 
noted by bedside staff. Timing and type of ASM adminis-
tered were also collected.

2.2  |  EEG recording and seizure analysis

cEEG was applied and maintained by clinical research staff 
supervised by the research coordinator (CN). Equipment 
and training regarding EEG application and EEG system 
function was provided by ED and CT supported by neu-
rophysiology experts from the INFANT research center, 
University College Cork, Ireland. Multichannel video-
EEG was commenced as soon as possible after birth once  
consent was given, and was continuously recorded up to the 
fifth day of life when possible, using the portable Lifelines 
EEG systems (Lifelines iEEG, UK). Electrodes were posi-
tioned at F3, F4, C3, C4, Cz, T3, T4, O1 and O2 according 
to 10–20 EEG electrode placement system adapted for the 
neonates. Recording and review settings included a bipolar 
montage (F4-C4, C4-O2, F3-C3, C3-O1, T4-C4, C4-CZ, CZ-
C3, C3-T3), high pass filter .5 Hz, low pass filter 70 Hz, notch 
filter, sensitivity 7-10 μV/mm, timebase 15–20 mm/s. Single 
channel electrocardiography and respiration monitoring 
synchronized with the EEG trace were also recorded. The 
video-EEG was uploaded, subject to network availability, to 
a cloud-based server with INFANT center personnel able  
to provide signal quality assessment and technical feedback 
to the local team. EEG monitoring is not routinely available 
outside tertiary intensive care settings in high-income coun-
try settings and is not currently available in any government 
facility in Uganda. Clinically recognized seizures were 
treated based on clinical diagnosis, as per local routine prac-
tice and according to local protocols for anti-seizure medi-
cation administration. As EEG interpretation is recognized 
to be a highly specialized skill with risk of harm if inter-
preted incorrectly, the video-EEG screen was covered. Due 
to the challenges with timely uploading of raw EEG data, it 
was not possible to provide continuous 24-h feedback to the 
clinical team, however in the event that the cEEG feed was 

able to be viewed live, any concerns were communicated to 
the principal investigator.

The type, dose and timing of every dose of ASM admin-
istered to each neonate were recorded.

The analysis of each recording was performed retro-
spectively by one member of a group of 3 experienced neo-
natal neurophysiologists (JP, SRM, GBB), blind to clinical 
information. All seizures were annotated according to a 
standard protocol: a seizure was defined as a sudden re-
petitive, stereotyped discharge of minimum 10 s' duration 
on one or more EEG channel with evolving frequency, 
amplitude and morphology.15 Status epilepticus was de-
fined as the presence of more than 30 min of seizures in 
a 1-h epoch.16

For each neonate, all video-EEG segments annotated 
as seizures were selected and further reviewed for seizure 
semiology analysis. Seizure types were assigned according 
to the recently updated ILAE classification of neonatal sei-
zures, based on electroclinical phenotype.17 Any electro-
graphic seizure seen on EEG that was not associated with 
evident clinical signs was defined as electrographic-only. 
An electro-clinical seizure was defined as definite clini-
cal signs simultaneously coupled with an electrographic 
seizure. Seizure types were described by their predomi-
nant clinical features. Automatisms were characterized 
by non-purposeful, stereotyped, and repetitive motor ac-
tivity such as orolingual movements, or movements of 
the limbs like cycling. Clonic seizures were characterized 
by regularly repetitive jerking, either symmetric or asym-
metric, involving the limbs, head or trunk. Tonic seizures 
showed sustained increase in muscle contraction, focal, 
unilateral, or bilateral. Autonomic seizures were defined 
as distinct alteration of autonomic nervous system func-
tion (i.e. color, breathing pattern, heart rate). Behavioral 
arrest seizures were defined as pause of activities, freez-
ing, immobilization. Sequential seizures, newly added to 
ILAE classification of neonatal seizure types, described 
seizure events with a sequence of signs, symptoms, and 
EEG changes at different times, in which no predominant 
feature could be determined. In some cases, the video 
could not be used due to poor lighting in the neonatal unit 
and/or poor-quality images, and, in this event, the seizure 
was reported as unclassified.

Although standardized guidance on how soon seizures 
should be treated is currently lacking, for the purpose of 
this study, we anticipated that a seizure episode should 
be treated within 1 h of onset if recognized.18 The time of 
administration of ASM loading dose was compared with 
that of seizures retrospectively annotated on the video-
EEG recordings. The administration of either pheno-
barbital or phenytoin was assessed. Maintenance doses, 
administered in some cases, were not included in our 
analysis. Appropriately managed seizures were defined as 
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EEG confirmed seizures treated within 60 min of onset. 
Treatment failure was defined as EEG confirmed seizure 
not followed by treatment administration. Paroxysmal 
non-epileptic events occurring in the 60 min preceding an 
ASM load, or concomitant to electrocardiography and/or 
respiration monitoring alterations, were also examined.

2.3  |  Statistical analysis

Baseline characteristics of the cohort were summarized 
with counts (percentages) for categorical variables, mean 
(standard deviation [SD]) for normally distributed con-
tinuous variables or median (IQR) for other continuous 
variables. Seizures reported and treated by bedside staff 
and retrospectively video-EEG recognized seizures were 
reported as counts and percentages. The burden of each 
semiology seizure type was reported according to the 
number and proportion of seizures for each participant.

3   |   RESULTS

3.1  |  Baseline characteristics

A total of 51 neonates with NE were recruited, and 50 had 
video-EEG data of diagnostic quality. The demographics 
and baseline EEG characteristics of the 50 patients in-
cluded in the analysis are described in Table 1.

Continuous video-EEG (cEEG) was recorded for a 
median (IQR) duration of 71.4 (52.4-72.2) h. Monitoring 
commenced within 48 h of age in all neonates, within 
24 h in 76% (38/50), and continued for at least 24 h in 92% 
(46/50). Of the 50 neonates, 26 (52%) had video-EEG con-
firmed seizures identified by the expert group. Of the 26 
neonates, 13 (50%) had periods of status epilepticus.

3.2  |  Seizure semiology

On video-EEG analysis, 70% (18/26) of neonates with 
seizures had a combination of electroclinical and elec-
trographic seizures, 4% (1) had exclusively electroclinical 
seizures and 22% (6) had only electrographic seizures. 4% 
(one patient) had exclusively seizures classified as un-
known due to a malfunction in video recording. Among 
patients in which a video-polygraphy clinical correlate 
was synchronous with the EEG discharge in at least one 
part of the seizure, 58% (11/19) displayed one seizure type 
and 42% (8/19) more than one seizure type (2 in three, 3 
in four, 4 in one). The distribution of all seizure semiol-
ogy types was as follows: clonic 34% (11), autonomic 24% 
(8), automatisms 18% (6), behavioral arrest 12% (4), and in 

12% of cases (4) electroclinical manifestations consistent 
with the definition of sequential seizures. The latter were 
prolonged in duration and characterized by the succession 
of distinct ictal patterns on the EEG associated with dif-
ferent clinical manifestations, without a predominance of 
one or the other being recognizable; clonic, automatisms 
and autonomic manifestations were more frequently part 
of sequential seizures. Six of the 8 neonates with auto-
nomic seizures had prolonged ictal apnea. Among the 18 
neonates displaying a combination of electroclinical and 
electrographic seizures, the mean (SD) percentage of elec-
troclinical seizures was 52% (30) and that of electrographic 
seizures was 24% (25). A number of unclassified seizures 
were also present in 16 out of 18 neonates in this group 
(mean 18%, SD 17). The distribution of seizure types in the 
cohort and in single neonates is summarized in Figure 1.

Of 13 neonates with status epilepticus, 84% (11) had 
a combination of electroclinical and electrographic sei-
zures, 8% (1) had unknown seizures, and 8% (1) had only 
electrographic seizures (brief repetitive focal discharges 
never exceeding a low-medium voltage). In the remain-
ing 13 neonates (without status epilepticus), 54% (7) had 
a combination of electroclinical and electrographic sei-
zures, 8% (1) had only electroclinical seizures and 38% (5) 
had only electrographic seizures.

T A B L E  1   Clinical and EEG characteristics of the 50 patients 
included in the analysis.

Characteristics N = 50

Clinical characteristics

Sex, male 66% (33)

Gestational age, weeks 38 (38-40) [36–42]

Birthweight, grams 3117 (451) [2300–4150]

5-min Apgar score* 6 (4.5-7) [0–10]

Age of recruitment, hours 19 (11-24.3) [3.1–46.1]

NE severity (Sarnat grade)

Mild 24% (12/50)

Moderate 30% (15/50)

Severe 42% (21/50)

EEG characteristics

Age at start of monitoring, hours 21.1 (14.2-29.8) 
[5.4–48.8]

Duration of continuous video-EEG, 
hours

71.4 (52.4-72.2) 
[10.3–75.3]

Confirmed electrographic seizures, 
% (n)

52% (26/50)

Episodes of status epilepticus, % (n) 50% (13/26)

Neonatal death, % (n) 26.7% (12/46)

Note: Birthweight is reported as mean (SD) [range], all other metrics are 
median (IQR) [range] or % (n).
*Missing data for 2 participants.
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3.3  |  Management with anti-seizure 
medications

Information about seizures and ASM used in the co-
hort are summarized in Figure 2. Overall, 64% (32/50) 
of neonates received ASMs either during or prior to 
EEG starting. All received phenobarbitone as their first-
line treatment (dosage between 10 and 20 mg/kg). Of  
those receiving ASM, 25 (78%) received at least one ad-
ditional ASM bolus or hemi bolus of either phenobarbi-
tal or phenytoin, and 14 (44%) received their first ASM 

before the video-EEG commenced. Seven neonates 
received treatment exclusively before the monitoring 
started: in 4, subsequent EEG recording did not docu-
ment seizures, while the remaining 3 displayed later 
seizures.

ASM loading doses were received by 50% (25/50) of 
neonates during continuous video-EEG recording. Of 
those with EEG-confirmed seizures, only 16/26 (62%) 
received treatment during EEG monitoring (including 5 
neonates who also received ASM before the start of EEG 
monitoring), and 7 out of 26 (27%) neonates with EEG 

F I G U R E  1   Distribution of seizure types in the cohort (circle, percentage of the total number of seizures) and in single patients 
(columns, number of seizures).

F I G U R E  2   Flow diagram seizures and antiseizure medications (ASM) use in the cohort.
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documented seizures never received an ASM at any time. 
Nine out of 24 (38%) in the non-seizure group were also 
treated. The administration of ASM loads during the 
monitoring period in neonates with and without video-
EEG recorded seizures is summarized in Figure 3. In total, 
ASM loading doses were administered 42 times after re-
cording commencement: 15/42 (36%) in the group with-
out video-EEG-documented seizures (thus by definition 
inappropriate) and 27/42 (64%) in the group with video-
EEG documented seizures. Among the latter, in relation 
to the presence or absence of seizures in the 60 min prior 
to the ASM administration, 19 (45%) were appropriate and 
8 (19%) non appropriate. Twelve neonates had at least one 
episode treated appropriately. The number of ASM loads 
received after EEG commencement ranged from 1 to 4 
(median 2, IQR 1–2). In 7 patients, the first ASM load was 
appropriately administered during monitoring, after a me-
dian (IQR) time of 8.0 (3.8–8.9) h from the first video-EEG 
documented seizure.

In the subgroup of patients with video-EEG docu-
mented status epilepticus, 1/13 (8%) received treatment 
exclusively before the beginning of the recording, 2/13 
(15%) were never treated, and 10/13 (77%) patients re-
ceived ASM while the monitoring was ongoing (including 
3 who also received ASM before the start of EEG mon-
itoring). Of the 15 ASM loads administered during EEG 
monitoring in this subgroup, 13 were appropriate and 2 
inappropriate.

ASM administration, seizure semiology and sei-
zure types for each patient are summarized in Table  2. 

Video-EEGs of seizures recorded before the administra-
tion of any ASM was available in 11 patients, and 8 had a 
clinical component associated with their seizures prior to 
treatment. Of the 19 adequately treated seizures, 8 were 
clonic, 5 autonomic, 1 automatisms, 2 sequential and 3 
had unknown semiology.

The analysis of the video-polygraphy recording in the 
60 min preceding inappropriate administration of ASM 
loading doses (23 in total) revealed the presence of gen-
eralized tonic extensor posturing events without clear 
asymmetry in 6 cases, jerky non-rhythmic movements 
during crying in 4 cases, nonepileptic oral automatisms in 
3 cases, paroxysmal nonepileptic tremor in 1 case; these 
conditions were presumably interpreted as ictal by the 
local clinical team. Nonepileptic oral automatisms were 
sucking movements in all cases, not clearly distinguish-
able clinically from those observed in the context of elec-
troclinical events classified as automatisms seizures (a 
minority of the latter, namely in two patients, were asso-
ciated however with repetitive cycling movements which 
were not observed in events without EEG ictal correlate). 
In addition, 12 neonates (8 in the group with video-EEG 
documented seizures and 4 in the non-seizure group) also 
presented with abnormal repetitive abdominal move-
ments or gasping, sometimes showing pseudo periodic 
evolution, unrelated to ASM administration; this pattern 
was never associated with concomitant modifications of 
the EEG tracings. Illustration of apnea occurring during 
autonomic seizures and of the non-epileptic abdominal 
flutter or gasping is provided in Figure 4.

F I G U R E  3   ASM loads administered during the monitoring period in patients with and without video-EEG recorded seizures.

 19506945, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/epd2.20299 by T

est, W
iley O

nline L
ibrary on [18/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  7PROIETTI et al.

T
A

B
L

E
 2

 
A

SM
 a

dm
in

is
tr

at
io

n,
 se

iz
ur

e 
se

m
io

lo
gy

 a
nd

 b
ur

de
n 

of
 in

di
vi

du
al

 se
iz

ur
e 

ty
pe

 e
xp

re
ss

ed
 in

 n
um

be
rs

 a
nd

 p
er

ce
nt

ag
e 

in
 n

eo
na

te
s w

ith
 v

id
eo

-E
EG

-d
oc

um
en

te
d 

se
iz

ur
es

 (n
 =

 26
).

St
at

us
 

ep
ile

pt
ic

us
 

(n
 =

 13
)

N
ev

er
 

re
ce

iv
ed

 
A

SM
 (n

 =
 7)

R
ec

ei
ve

d 
A

SM
 

be
fo

re
 s

ta
rt

 o
f 

cE
E

G
 (n

 =
 9)

R
ec

ei
ve

d 
A

SM
 a

ft
er

 
st

ar
t o

f c
E

E
G

 
(n

 =
 16

)

E
le

ct
ro

cl
in

ic
al

 s
ei

zu
re

s 
(n

 =
 19

)

E
le

ct
ro

gr
ap

hi
c 

(n
 =

 25
)

U
nc

la
ss

if
ie

d*
 

(n
 =

 18
)

C
lo

ni
c 

(n
 =

 11
)

A
ut

on
om

ic
 

(n
 =

 8)
A

ut
om

at
is

m
s 

(n
 =

 6)
B

eh
av

io
ra

l 
ar

re
st

 (n
 =

 4)
Se

qu
en

ti
al

 
(n

 =
 4)

T
ot

al

P0
1

N
o

–
X

X
–

7 
(2

4%
)

–
–

–
7 

(2
4%

)
19

 (6
6%

)
3 

(1
0%

)

P0
4

N
o

–
–

X
–

–
–

–
–

–
16

 (8
0%

)
4 

(2
0%

)

P0
5

Ye
s

–
X

–
35

 (3
3%

)
19

 (1
8%

)
13

 (1
2%

)
–

8 
(7

%
)

75
 (7

0%
)

25
 (2

3%
)

8 
(7

%
)

P0
7

N
o

X
–

–
12

 (6
0%

)
–

–
–

–
12

 (6
0%

)
3 

(1
5%

)
5 

(2
5%

)

P0
8

Ye
s

–
–

X
–

36
 (4

1%
)

–
–

–
36

 (4
1%

)
29

 (3
3%

)
23

 (2
6%

)

P1
3

Ye
s

–
–

X
–

67
 (4

4%
)

–
–

–
67

 (4
4%

)
22

 (1
4%

)
65

 (4
2%

)

P1
4

N
o

X
–

–
–

–
–

–
–

–
4 

(1
00

%
)

–

P1
5

Ye
s

–
X

X
39

 (3
5%

)
–

26
 (2

3%
)

11
 (1

0%
)

–
76

 (6
8%

)
23

 (2
1%

)
12

 (1
1%

)

P1
6

Ye
s

–
–

X
35

 (6
0%

)
–

–
5 

(9
%

)
–

40
 (6

9%
)

13
 (2

2%
)

5 
(9

%
)

P1
8

N
o

–
X

–
10

 (2
9%

)
–

–
–

–
10

 (2
9%

)
2 

(6
%

)
22

 (6
5%

)

P2
1

N
o

–
X

X
3 

(6
0%

)
–

–
–

–
3 

(6
0%

)
2 

(4
0%

)
-

P2
3

Ye
s

–
X

X
21

 (2
9%

)
31

 (4
4%

)
–

–
11

 (1
5%

)
63

 (8
8%

)
4 

(6
%

)
4 

(6
%

)

P2
4

N
o

–
X

–
–

–
18

 (3
3%

)
–

–
18

 (3
3%

)
32

 (5
9%

)
4 

(8
%

)

P2
5

Ye
s

X
–

–
–

–
65

 (3
7%

)
–

–
65

 (3
7%

)
78

 (4
4%

)
33

 (1
9%

)

P2
6

Ye
s

–
–

X
11

 (3
1%

)
13

 (3
7%

)
–

–
7 

(2
0%

)
31

 (8
8%

)
2 

(6
%

)
2 

(6
%

)

P2
8

N
o

X
–

–
1 

(1
00

%
)

–
–

–
–

1 
(1

00
%

)
–

–

P2
9

N
o

X
–

–
–

–
–

–
–

–
3 

(1
00

%
)

–

P3
0

N
o

–
–

X
–

–
–

–
–

–
19

 (1
00

%
)

–

P3
1

Ye
s

X
–

–
–

–
–

–
–

–
–

14
7 

(1
00

%
)

P3
2

Ye
s

–
X

X
96

 (2
9%

)
29

 (9
%

)
–

–
–

–
43

 (1
3%

)
12

8 
(3

8%
)

P3
7

Ye
s

–
X

–
–

–
22

 (2
2%

)
15

 (1
6%

)
–

37
 (3

8%
)

38
 (3

8%
)

24
 (2

4%
)

P3
8

N
o

–
–

X
15

0 
(5

2%
)

–
–

–
–

15
0 

(5
2%

)
90

 (3
1%

)
49

 (1
7%

)

P3
9

Ye
s

–
–

X
–

–
26

 (2
3%

)
–

–
–

–
26

 (2
3%

)

P4
1

Ye
s

–
–

X
–

–
–

–
–

–
–

–

P4
5

N
o

–
–

X
–

93
 (6

1%
)

–
–

–
93

 (6
1%

)
59

 (3
9%

)
–

P5
0

N
o

X
–

–
–

–
–

–
–

–
4 

(1
00

%
)

–

*S
ei

zu
re

s a
ss

oc
ia

te
d 

w
ith

 p
oo

r q
ua

lit
y 

vi
de

o.

 19506945, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/epd2.20299 by T

est, W
iley O

nline L
ibrary on [18/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



8  |      PROIETTI et al.

4   |   DISCUSSION

This study is the first, to our knowledge, to describe seizure  
semiology on continuous video-EEG monitoring from 
a LMIC setting in sub-Saharan Africa and provides evi-
dence of feasibility in this Ugandan research setting. The 
findings reveal the high incidence of seizures with video-
EEG documented seizures present in over half of neonates 
monitored, and over a quarter of all neonates, meeting the 
criteria for status epilepticus. Clonic, autonomic and au-
tomatisms were the most frequently encountered seizure 
types seen. Clinical diagnosis of seizures proved difficult, 
with both under and overtreatment evident. Clonic sei-
zures were the most reliably diagnosed on clinical evalua-
tion alone. Of particular concern was autonomic seizures 
manifesting as ictal apnea which occurred in close to a 
quarter of participants with seizures and were frequently 
unrecognized as seizures by clinical staff.

There is an urgent need to further our understanding 
of neonatal seizures among infants with NE in LMICs, to 
optimize management and outcomes. Very few centers in 
Africa (outside South Africa) currently offer therapeutic 
hypothermia and evidence to date supporting its safety 
or efficacy in LMICs is lacking. Recently, the HELIX trial 
in India raised substantial safety concerns with increased 
mortality among cooled neonates.4 A meta-analysis 
on therapeutic hypothermia for NE in LMICs did not 

demonstrate a significant difference in the risk of death 
(although highlighting higher rates of thrombocytopenia 
and hemorrhage), but also showed little to no difference 
in clinical outcomes between treated and untreated neo-
nates.19 Given increasing awareness in HIC settings that 
high seizure burden contributes to neurodevelopmental 
impairment,5 prompt detection and adequate treatment 
of seizures in NE may contribute to neuroprotective strat-
egies to improved outcome in LMICs. In our Ugandan 
cohort, the prevalence of status epilepticus was common, 
occurring in around half of all neonates experiencing 
seizures. This is similar to the prevalence reported in NE 
cohorts without therapeutic hypothermia from HICs and 
is substantially higher than the rate of status epilepticus 
reported in cooled NE cohorts in HICs.20,21 However, pub-
lished studies aimed at improving diagnosis and manage-
ment of neonatal seizures almost exclusively originate 
from HICs, with, most studies from LMICs relying on clin-
ical diagnosis alone for seizure identification.22

The video-EEG analysis of seizure semiology per-
formed according to the updated ILAE classification of 
seizures in the neonate has provided novel insights re-
garding neonatal seizures in a LMIC. Indeed, the aim of 
the ILAE taskforce who developed this classification was 
to ensure that this scheme was applicable to all health-
care settings. Electroclinical seizures were more common 
in this Ugandan cohort compared to other similar cohorts 

F I G U R E  4   Apnea occurring during autonomic seizures in patients 13 (A) and 26 (B) and non-epileptic abdominal flutter in patients 1 
(C) and 26 (D) evident on the polygraphy channel exploring thoracoabdominal shifts. Filters settings are shown in (D).
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in HICs after the advent of therapeutic hypothermia. The 
ILAE task force, who proposed the new classification, 
described 19 electrographic, 5 clonic, 3 sequential and 2 
tonic seizures in a sub-cohort of 29 neonates with hypoxic-
ischemic encephalopathy (HIE) and seizures; similarly 
in a double-cohort study across USA and Belgium, 15 of 
26 HIE neonates never had a clinical correlate to their 
seizures.18,23,24

Clonic, autonomic and automatisms were the more 
frequently encountered seizure types in this Ugandan 
cohort, with clonic seizures the more reliably diagnosed 
on the basis of clinical evaluation only.25 Seizures man-
ifesting as respiratory impairment only were common 
(75% of neonates with autonomic seizures and 23% of 
the total number of patients with seizures had prolonged 
ictal apnea). Rhythmic high amplitude spike-and-waves, 
diffuse or predominant over the central derivations, were 
commonly observed in association to clonic seizures. No 
reproducible EEG pattern was observed in other sei-
zure types, and particularly no specific EEG discharge 
morphology or localization was identified related to 
ictal apneas. Some neonates showed non-ictal repetitive 
abdominal movements or gasping, sometimes showing 
pseudo periodic evolution and resembling a diaphrag-
matic flutter.26 Neither epileptic spasms nor myoclonic 
seizures were seen, as expected in neonates with NE.18 
Tonic seizures were not encountered; a focal increase in 
muscle contraction was only observed in the context of 
clonic manifestations. Electrographic only seizures were 
present in almost every neonate with seizures but repre-
sented the only seizure type in six patients.

Clinical diagnosis of seizures in this study proved dif-
ficult, with both under and overtreatment evident. This 
is in line with data on staff identification of seizures in 
HICs, where both underdiagnosis due to missing dis-
crete seizure manifestations and electrographic only 
seizures, and overdiagnosis due to misdiagnosing ab-
normal nonepileptic movements as seizures, have been 
highlighted.7,27 It is now well established that EEG is es-
sential for seizure detection, and clinical diagnosis alone 
is not reliable.17 During periods of EEG monitoring, 38% 
of neonates without any cEEG evidence of seizures were 
given ASM, and 38% with cEEG evidence of seizures 
were not treated. While on the one hand, untreated sei-
zures may add to any pre-existing brain injury and alter 
seizure thresholds in the brain; on the other hand, inap-
propriate ASM administration exposes the newborn to 
potential ASM-related drug toxicity and complications 
such as sedation and respiratory depression, which is 
particularly relevant in low-resource settings where me-
chanical ventilation is unavailable. A few neonates may 
have responded to the ASM administered before mon-
itoring started, given that 4 were given an ASM before 

the commencement of cEEG monitoring and then never 
went on to have EEG-documented seizures. Respiratory 
impairment emerged as a prominent concern, both 
during seizures and at other times. Seizures manifest-
ing as respiratory impairment only were common and 
frequently unrecognized as seizures by clinical staff. No 
specific EEG discharge morphology or localization was 
identified related to ictal apnea. Some neonates showed 
non-ictal repetitive abdominal movements or gasping, 
sometimes showing pseudo periodic evolution and re-
sembling a diaphragmatic flutter.26 An increased aware-
ness of the different manifestations of seizures in this 
setting might help local clinicians recognize seizures. 
However, the presented semiology analysis was based 
on video-EEG recordings and conducted by neurophys-
iologists with specific expertise in neonatal EEG and 
seizure semiology interpretation. Epileptic and none-
pileptic clinical manifestations in critically ill patients 
will probably remain difficult to identify for healthcare 
workers without specialized training and without the 
support of EEG.

The findings of this pilot observational study clearly 
highlight the potential benefit of introducing context 
specific and targeted EEG monitoring in this setting to ef-
fectively manage seizures, with either training in interpre-
tation for local clinical staff or potentially remote expert 
surveillance. A system of neonatal neurocritical care de-
livered at remote limited resource hospitals through tele-
health was recently developed in Brazil, where newborns 
with HIE receiving TH from 32 Hospitals were remotely 
monitored with amplitude-integrated electroencephalog-
raphy and video imaging, and bedside clinicians received 
real-time assistance from trained neonatologists and neu-
rologists.28 Following in the footsteps of Variane and col-
laborators, the development and dissemination of simple 
and innovative models for neurophysiology monitoring in 
neonates in low-resource settings should be prioritized.

The presence of seizures in four patients that were con-
sistent with the definition of sequential seizures (seizure 
presenting with a variety of clinical signs occurring in a se-
quence without a predominant feature determined) is in-
teresting. According to the existing definition, sequential 
seizure may be present in some infants with HIE although 
they are more commonly seen in other etiologies such as 
self-limited neonatal epilepsy or neonatal onset epileptic 
encephalopathy.18 Seizures in this Ugandan cohort were 
prolonged and characterized by a sequence of clinical fea-
tures coinciding with the slow evolution in amplitude and 
morphology of the discharge, appear to be clearly different 
compared to the briefer and stereotyped trains of electro-
clinical manifestations typically seen in genetic etiologies. 
Different interpretations are also evident in recently pub-
lished studies which have applied the new classification to 
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neonatal populations: de Correa et al. reported sequential 
seizures in all etiology groups in their cohort and mainly 
in HIE, while Cornet et al. identified sequential seizures 
specifically in 11 of the 18 patients with confirmed chan-
nelopathies within a cohort also including a larger num-
ber of neonates with seizures due to stroke or HIE.24,29 
The latter, additionally, recognized tonic features as the 
most specific for the genetic etiology, whether represent-
ing the initial phase of sequential seizures or constituting 
“pure” tonic seizures. Of note, we emphasize that none of 
the neonates with acute provoked seizures in our study 
had tonic seizures or even a tonic phase in the context of 
a sequential seizure.

5   |   STRENGTHS AND 
LIMITATIONS

This study provides novel data on electroclinical semiol-
ogy of neonatal seizures among infants with NE in a sub-
Sahara African settings, where therapeutic hypothermia 
is not available. Evidence of perinatal hypoxia-ischemia 
in the eligibility criteria was largely based clinically on 
the need for resuscitation after birth in combination with 
Apgar score, as fetal monitoring and blood gas measure-
ment are not routinely performed. Although differences in 
the definition of perinatal hypoxia-ischemia exist between 
regional and national jurisdictions around the globe,30 our 
NE study cohort may not therefore be fully comparable 
to HIE cohorts in HICs. The correlation between clinical 
grade, EEG background state, seizures and neurodevel-
opmental outcome in this cohort has also been evaluated 
and is subject for a separate paper.

The cEEG monitoring started at a median (IQR) age 
of 21.1 h (14.2-29.8), due to time required for completing 
informed consent procedures with the research person-
nel available. Considering the now widely recognized 
temporal distribution of acute provoked seizures in neo-
natal HIE,31 we must regard that a number of seizures 
have likely occurred before the monitoring started and 
have been missed from our analysis. Although we can 
generate amplitude integrated EEG trends from the EEG 
data obtained, seizure annotation on the aEEG was not 
performed in our study and therefore the correlation 
with EEG-detected seizures was not examined. A detailed 
comparison however would be interesting in view of the 
desirable implementation of neurophysiology monitor-
ing models in this setting. Since seizures in our Ugandan 
neonates were mainly prolonged, and represented by 
high amplitude discharge, the correlation between EEG-
detected and aEEG-detected seizures is likely high.

The different electroclinical phenotype encountered 
in this cohort compared to other HIC NE cohorts might 

be due to other causes of neonatal seizures such as hypo-
glycemia and electrolyte imbalance; in our cohort blood 
glucose and electrolytes levels were infrequently moni-
tored. Furthermore, seizure semiology may have been 
modified by treatment administration in the patients with 
video-EEG recorded seizures who received ASM loads be-
fore the monitoring started. In the absence of any clear 
guidelines for the optimal timing of ASM administration, 
based on evidence that ASM administration within 1 h 
of seizure onset potentially reduces the seizure burden18 
we expected that seizures should be treated within 1 h 
of onset to be considered as having been appropriately 
treated. The generalizability of our results on seizure rec-
ognition and treatment appropriateness is limited by the 
fact that a dedicated group of research nurses looked after 
the study neonates, whereas the ratios of nurses to pa-
tients are typically lower in routine practice.

6   |   CONCLUSION

Retrospective review of continuous video-EEG-polygraphy 
monitoring in a cohort of neonates with NE in Uganda re-
vealed a high incidence of neonatal seizures and status ep-
ilepticus. Many seizures were not treated, and non-seizure 
events were often treated with ASM. The majority of pa-
tients in the seizure group presented with electroclinical 
seizures at some point, with clonic, autonomic and au-
tomatisms representing the more frequently encountered 
seizure types. Respiratory impairment emerged as a prom-
inent concern, through both prolonged ictal apnea during 
the seizure and non-ictal abdominal flutter or gasping 
without electrographic seizure. Enhanced knowledge 
of seizure semiology in this setting and improved avail-
ability of neurophysiology monitoring would help guide 
management.
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Test yourself

1. Retrospective analysis of continuous video-EEG-polygraphy monitoring in neonates with NE in Uganda 
revealed neonatal seizures:

A. In all patients

B. Only within the earliest 24 h after birth

C. In less than 20% of neonates monitored

D. In over 50% of neonates monitored

E. Which had been already identified at cot side based on clinical features only

2. Most patients with seizures in this Ugandan neonatal encephalopathy cohort presented with electroclinical 
seizures at some point; the more frequently encountered seizures types were:

A. Tonic seizures

B. Clonic, autonomic and automatisms seizures

C. Epileptic spasms and myoclonic seizures

D. Behavioral arrest seizures

E. Sequential seizures

3. Respiratory impairment:

A. Was common in neonates with autonomic seizures, often presenting with prolonged ictal apnea

B. Frequently went unrecognized by clinical staff

C. Emerged as a prominent concern in this setting with limited access to neonatal intensive care

D. All the previous

E. None of the previous

Answers may be found in the supporting information.
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