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Objective We sought to characterize intracranial hemorrhage (ICH) as a seizure etiology in infants born term and
preterm. For infants born term, we sought to compare seizure severity and treatment response for multisite vs
single-site ICH and hypoxic—ischemic encephalopathy (HIE) with vs without ICH.

Study design We studied 112 newborn infants with seizures attributed to ICH and 201 infants born at term with
seizures attributed to HIE, using a cohort of consecutive infants with clinically diagnosed and/or electrographic sei-
zures prospectively enrolled in the multicenter Neonatal Seizure Registry. We compared seizure severity and treat-
ment response among infants with complicated ICH, defined as multisite vs single-site ICH and HIE with vs without
ICH.

Results ICH was a more common seizure etiology in infants born preterm vs term (27% vs 10%, P < .001). Most
infants had subclinical seizures (74%) and an incomplete response to initial antiseizure medication (ASM) (68%). In
infants born term, multisite ICH was associated with more subclinical seizures than single-site ICH (93% vs 66%,
P =.05) and an incomplete response to the initial ASM (100% vs 66%, P = .02). Status epilepticus was more com-
mon in HIE with ICH vs HIE alone (38% vs 17%, P = .05).

Conclusions Seizure severity was greater and treatment response was lower among infants born term with
complicated ICH. These data support the use of continuous video electroencephalogram monitoring to accurately
detect seizures and a multistep treatment plan that considers early use of multiple ASMs, particularly with paren-
chymal and high-grade intraventricular hemorrhage and complicated ICH. (J Pediatr 2021; l:1-8).

ntracranial hemorrhage (ICH) is an important cause of neonatal morbidity , ,
From the 'Department of Neurology, Boston Children’s

and one of the most common etiologies of neonatal seizures." Among neo-
nates born term with acute provoked seizures, ICH is the third most common
seizure etiology, reported in 9%-17% of patients.' * ICH as a cause of seizures is
more common in infants born preterm (27%-33%) than in infants born term,
and ICH is the most common reported cause of seizures in infants born at

<32 weeks of gestation.””

Whereas ICH has been established as an important etiology of seizures in in-
fants born term and preterm, the types and sites of ICH contributing to seizures
have not been studied in detail. Parenchymal and subarachnoid hemorrhages are
thought to cause seizures based on their direct contact with neurons,”* whereas
subdural hemorrhage is often asymptomatic in neonates.””” Although intraven-
tricular hemorrhage (IVH), especially when associated with periventricular hem-
orrhagic infarction (PVHI), has been reported frequently in infants born preterm
with seizures, less is known about its role as a seizure etiology in infants born
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Portions of this study were presented at the Child
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group has published several manuscripts using data
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description of intracranial hemorrhage as a seizure
etiology on its own.
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term.>' In addition, there are few data regarding seizure

characteristics or management for infants born term or pre-
term whose seizures are caused by ICH.

The objective of this study was to characterize ICH as a
seizure etiology among prospectively enrolled infants born
term and preterm with respect to ICH location, seizure
severity, and treatment response. We hypothesized that in-
fants with complicated ICH would have greater seizure
severity and less response to antiseizure medication (ASM).
Elucidating the contribution of ICH to neonatal seizure
severity will inform the need to identify seizures using contin-
uous video electroencephalogram (cvEEG) as a management
strategy to optimize care of infants with complicated ICH.

We performed a secondary analysis of a prospective, observa-
tional, consecutive cohort of neonates with seizures enrolled
from January 2013 through November 2015 at 7 sites of the
Neonatal Seizure Registry (NSR). Each site followed the
2011 American Clinical Neurophysiology Society guidelines
for brain monitoring in neonates.'' The institutional review
boards approved the study and a waiver of informed consent
was granted at each site.

Infants were enrolled in the NSR cohort if they were
<44 weeks of postmenstrual age at the time of seizure onset
and had seizures that were clinically suspected and/or electro-
encephalogram (EEG)-confirmed. Infants were identified by
prospective review of clinical admission data through the
electronic health record at each institution. Infants meeting
the inclusion criteria were consecutively enrolled. Infants
with clinical events suspected to be seizures and treated
with ASMs were enrolled if the clinical evaluation and/or
referring hospital EEG supported the diagnosis of seizures,
even if the subsequent cvEEG at the study center did not
identify seizures. All infants had ¢cvEEG monitoring. Infants
with clinical events that were determined not to be seizures
(ie, had no cvEEG correlate) were excluded. Infants from
the NSR cohort were included in the present study if ICH
was listed as a primary or secondary seizure etiology, or if
hypoxic—ischemic encephalopathy (HIE) was listed as a pri-
mary seizure etiology for infants born term. Infants were
excluded if their gestational age was not available. The types
of ICH included IVH with and without associated infarction
(PVHL, ie, “grade 4 IVH”), parenchymal hemorrhage, sub-
arachnoid hemorrhage, and subdural hemorrhage. High-
grade IVH was defined as grade 3 or 4 IVH.

Study data were collected prospectively using REDCap
(Research Electronic Data Capture).lz’13 The study defini-
tions of seizures, EEG seizure burden, and status epilepticus
were published previously.' For purposes of this study, a high
seizure burden was defined as frequent recurrent EEG sei-
zures or status epilepticus. Incomplete response to initial
ASM was defined as electrographic seizures documented
>30 minutes after the initial load of ASM was complete.

Volume Il . W 2021

For the infants with ICH, we first determined whether
ICH was a primary vs secondary seizure etiology and
next determined whether there were any other seizure eti-
ologies. The primary seizure etiology was defined as the
diagnosis thought to be primarily responsible for seizures,
determined by seizure location by cvEEG together with
ICH location by neuroimaging. The secondary seizure eti-
ology was defined as any additional diagnosis that likely
contributed to seizures, also determined by cvEEG and
neuroimaging data, particularly for multifocal seizures or
multiple neurologic conditions (eg, HIE and ICH). Deter-
mination of whether a seizure etiology was primary or sec-
ondary was made by a study investigator with neonatal
neurology expertise at each site after review of the clinical,
neuroimaging, and EEG reports. The intracranial compart-
ment and specific site of ICH were determined by review of
all available neuroimages and imaging reports (including
head ultrasound, brain magnetic resonance imaging, and
computed tomography of the head) by the study site inves-
tigators, including a child neurologist with a special interest
in neonatal neurology. Because subdural hemorrhage is
more commonly an incidental finding than a cause of sei-
zures, seizure etiologies were re-evaluated by review of neu-
roimaging and EEG reports by the site investigator in cases
in which subdural hemorrhage was listed as a seizure etiol-
ogy. Subdural hemorrhage was considered a seizure etiol-
ogy when it was large, located in the region of a seizure
focus by cvEEG, and there was not another more likely
seizure etiology. A PVHI (ie, “grade 4 IVH”) was defined
as an IVH with associated periventricular hemorrhagic
infarction, whereas an isolated parenchymal hemorrhage
without an associated IVH was classified as a parenchymal
hemorrhage.

The primary outcome of seizure severity was deter-
mined by measures of seizure burden and documenta-
tion of subclinical seizures. The secondary outcome of
treatment response was determined by measures of
incomplete response to the initial ASM and the number
of ASMs administered. Given the small number of in-
fants born preterm (<37 weeks of gestation) with ICH
in the cohort, analyses of multisite vs single-site ICH
and HIE with ICH vs HIE alone were completed only
in infants born term.

Statistical Analyses

Demographic and clinical characteristics were summa-
rized with frequency and percentage for categorical vari-
ables. Numeric continuous variables were described with
mean and SD or median and IQR. Differences in the
primary and secondary outcomes between groups were
analyzed using the Student ¢ test for continuous outcome
variables and the Pearson x” and the Fisher exact test for
categorical outcome variables. Analyses were completed
using SPSS 24 (IBM Corp). P values <.05 were consid-
ered significant.
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The NSR cohort included 513 infants born term and 92 in-
fants born preterm. ICH was identified as a seizure etiology
in 113 infants, but 1 was excluded due to unknown gesta-
tional age; these 112 infants (80 term, 32 preterm) were
included in the present study (Table I). We also included
201 infants born term with a primary seizure etiology of
HIE, of whom 13 (6%) had a secondary diagnosis of ICH
contributing to seizures and 188 (94%) had no ICH or
small ICH that did not contribute to seizures, eg, small
parturitional subdural hemorrhage in the posterior fossa.
The infants in the present study have been included in
previous publications of the NSR study group."”'*"”
Among infants born at term, ICH was the primary
seizure etiology in 52 of 513 (10%). No other seizure etiol-
ogy was identified in 31 (60%) of these infants. Additional
seizure etiologies included other ICH in 21 separate intra-
cranial compartments (n = 16, 76%), arterial or venous
stroke (n = 7, 33%), HIE (n = 4, 19%), infection (n = 1,

{ N
Table I. Characteristics of neonates with ICH as a
primary or secondary seizure etiology

Term Preterm
Characteristics (N =80) (N=32)
Clinical characteristics
Male sex 43 (54) 16 (50)
Birth weight, kg 3.48 1.40
[3.15, 3.71] [0.80, 2.20]
Gestational age, wk 394 30.1
[38.6, 40.3] [26.9, 33.1]
Mode of delivery
Vaginal 50 (63) 8 (25)
Operative vaginal (vacuum/forceps) 5 (6) 1(3)
Scheduled cesarean delivery 709 4(13)
Emergent cesarean delivery 17 (21) 19 (60)
Apgar score at 1 min 712,8] 412, 7]
Apgar score at 5 min 81[7,9] 715, 9]
Seizure characteristics
Indication for EEG monitoring
Clinical events suspicious for 51 (64) 19 (59)
seizures
Encephalopathy 15 (19) 5 (16)
Clinical events and encephalopathy 9 (11) 2 (6)
Abnormal imaging 203 4 (13)
Presence of subclinical seizures 59 (74) 24 (75)
Seizure burden (EEG seizures)
None 14 (18) 6 (19)
Rare EEG seizures (<7) 15(19) 7 (22)
Many isolated EEG seizures (>7) 13 (18) 4 (13)
Frequent recurrent EEG seizures/ 38 (48) 14 (44)
status epilepticus
Treatment characteristics
Incomplete response to initial ASM 56 (70) 20 (63)
Number of ASMs administered 2[1,3] 1[1,2.75]
Outcome
Abnormal examination at discharge 19 (24) 6 (19)
Disposition
Home 60 (75) 13 (41)
Transfer to another hospital/long- 10 (13) 8 (25)
term care facility
Deceased/hospice 10 (13) 11 (34)
W

Data are presented as No. (%) or median [IQR].
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5%), and hypoglycemia (n = 1, 5%). There were 28 of
513 (5%) term neonates with ICH as a secondary seizure
etiology whose primary seizure etiology was HIE in 13
(46%), arterial or venous stroke in 9 (32%), infection in
3 (11%), brain malformation in 2 (7%), and cerebral contu-
sion in 1 (4%).

Among infants born preterm, ICH was the primary seizure
etiology in 25 of 92 (27%); 20 (80%) had no other seizure eti-
ology identified. Additional seizure etiologies for the remain-
ing 5 (20%) patients included: other ICH in 21 intracranial
compartments (2), infection (1), brain malformation (1),
electrolyte disturbance (1), and genetic syndrome (1). There
were 7 of 92 (8%) infants born preterm with ICH as a second-
ary seizure etiology whose primary seizure etiology was
HIE (4), brain malformation (1), venous stroke (1), and
infection (1).

ICH was a more common primary seizure etiology among
infants born preterm compared with term (27% vs 10%,
P <.001). However, among neonates with ICH as a primary
or secondary seizure etiology, there were no significant differ-
ences in other seizure etiologies by gestational age.

The Figure summarizes the types of ICH and their specific
locations. The most common sites of ICH were parenchymal
hemorrhage in infants born both term (46%) and preterm
(44%), and IVH, which was significantly less frequent in
infants born term (30%) compared with preterm (53%,
P = .03). Similarly, PVHI (ie, “grade 4 IVH”) was more
common among infants born preterm (38%) than those
born term (9%, P = .001). In addition, most infants born
term and preterm with IVH as a seizure etiology (excluding
those with PVHI) had grade 3 IVH (67% and 59%,
respectively).  Lastly, subarachnoid and  subdural
hemorrhages were the least common seizure etiologies in
all neonates.

Next, we evaluated the primary outcome of seizure severity
among infants born term and preterm with seizures caused
by ICH. High seizure burden and subclinical seizures were
common (Table I). Of those neonates with ICH as a
primary seizure etiology, only 10 of 52 (19%) infants born
term compared with 8 of 25 (32%, P = .26) born preterm
had ¢vEEG monitoring initiated for seizure screening in
high-risk clinical scenarios (eg, encephalopathy, abnormal
imaging, extracorporeal membrane oxygenation), rather
than for clinical events suspicious for seizures.

Concerning the secondary outcome of treatment response,
most infants born term with ICH (70%) had an incomplete
response to the initial ASM, as did 63% (P = .81) of infants
born preterm. Despite similar treatment responses, neonates
born term showed a trend of receiving more ASMs to control
seizures than infants born preterm (2 vs 1, P =.06). Overall,
36% of infants born term and 41% of infants born preterm
had 0-6 EEG-confirmed seizures (no seizures: 14 term and
6 preterm; 1-6 seizures: 15 term and 7 preterm). Whereas
14 of 28 (50%) neonates born term with 0-6 seizures received
phenobarbital before cvEEG monitoring, only 5/13 (38%) of
those born preterm with 0-6 seizures received phenobarbital
before cvEEG monitoring.

Seizure Severity and Treatment Response in Newborn Infants with Seizures Attributed to Intracranial Hemorrhage 3
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Subarachnoid Hemorrhage P-value
Term Preterm 33
N=20 (25%) | N=5(16%) :
Frontal 5 (25%) 1(20%)
Parietal 10 (50%) 2 (40%)
Temporal 10 (50%) 2 (40%)
Occipital 3 (15%) 3 (60%)
Posterior fossa 3 (15%) 1(20%)

Intraventricular hemorrhage P-value
Term** Preterm 03
N=24 (30%) | N=17 (53%) .
Bilateral 17 (71%) 10 (59%) .51
Right 3 (13%) 3 (18%) .68
Left 4 (17%) 4 (24%) .70

A

{ Term: N=41 individual IVHs ‘
Preterm: N=27 individual IVHs

Grade 1:
Term: 5%

Grade 2:
Term: 37%
Preterm: 30%

Grade 3:
Term: 56%
Preterm: 56%

Preterm: 15%

Subdural hemorrhage P-value
Term Preterm 20
N=17 (21%) N=8 (25%) ’
Supratentorial 13 (76%) 4 (50%) .36
Infratentorial 11 (65%) 5 (63%) 1.00
Midline 1 (6%) 1(13%) 1.00

Volume W
Periventricular hemorrhagic Pivalue
infarction (“Grade 4 IVH”)
Term Preterm
N=7 (9%) N=12 (38%) dXB
Parenchymal hemorrhage P-value
Term Preterm 34
N=37 (46%) N=14 (44%) )
Frontal 13 (35%) 6 (43%) 75
Parietal 20 (54%) 9 (64%) 55
Temporal 15 (41%) 5 (36%) 1.00
Occipital 11 (30%) 5 (36%) 74
Posterior fossa 4(11%) 4 (29%) .19

Figure. Locations of ICH in 80 infants born at term and 32 infants born preterm with ICH as a seizure etiology. Percentages do
not add up to 100%, as neonates may have more than 1 location of each type of hemorrhage.

Among neonates born term with ICH as a primary seizure
etiology, we compared primary and secondary outcomes
between infants who had ICH in multiple vs a single site(s)
(Table II). There were no significant differences in
secondary seizure etiologies of HIE or stroke between
infants with ICH in multiple vs a single site(s). More
neonates born term with seizures attributed to multisite vs
single-site ICH had subclinical seizures (93% vs 66%,
P = .05), a greater seizure frequency/burden (P = .03), and
an increased rate of incomplete response to the initial ASM
(100% vs 66%, P = .02).

Lastly, we compared outcomes in neonates born term with
HIE and ICH vs HIE alone (Table III). Status epilepticus was
more common among neonates born term with HIE and
ICH vs HIE alone (38% vs 17%, P = .05). There were no
differences between these groups regarding incomplete
response to the initial ASM or the number of
ASMs administered.

In this report of neonatal seizures attributed to ICH, we pro-
vide a detailed description of the type and site of ICH causing
seizures, from data derived from a prospective, multicenter
cohort of infants born term and preterm. In particular,
although ICH was a more common seizure etiology in infants
born preterm than term, we demonstrate that parenchymal
and IVH most commonly caused seizures in infants born
term and preterm (vs subarachnoid or subdural hemor-
rhage). These detailed data show that across the gestational
age spectrum, seizures caused by ICH have high seizure
severity and poor treatment response, similar to those neo-
nates with focal or diffuse ischemic brain injury, ie, ischemic
stroke or HIE as their primary seizure etiology."’

These data add to the existing literature describing sei-
zures caused by ICH in infants born term and preterm,
which currently consists of case reports and small

Herzberg et al
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Table II. Seizure characteristics, management, and outcome in neonates born at term with ICH in multiple sites vs a
single site
Characteristics Single ICH site (N = 38) Multiple ICH site (N = 14) P value
Seizure characteristics

Presence of subclinical seizures 25 (66) 13 (93) .05
Seizure burden (EEG seizures)
None 0 (26) 0(0) .16
Rare EEG seizures (<7) 6 (16) 3(21)
Many isolated EEG seizures (>7) 8 (21) 1(7)
Frequent recurrent EEG seizures/Status epilepticus 4 (37) 10 (71) .03
Treatment characteristics
Incomplete response to initial ASM 25 (66) 14 (100) .02
Number of ASMs administered 2[1, 3] 2.5[1.75, 3] .51
Outcome
Abnormal examination at discharge 7(18) 2 (14) 74
Disposition
Home 29 (76) 14 (100) 14
Transfer to another hospital/long-term care facility (11) 0(0)
Deceased/hospice 13) 0(0) )
\

Data are presented as No. (%) or median [IQR].
P values in bold indicate statistical significance.

retrospective series.'”'® Previous reports have suggested
seizures were the most common presentation of ICH in
neonates and pediatric patients, with an incidence of
40%-72%.'"'"?° However, this incidence varies by the
type of ICH included, with a greater incidence of seizures
reported in those with parenchymal and TVHs.'”*” These
previous findings are further enhanced by our data demon-
strating that parenchymal and IVHs are the most common
types of ICH contributing to seizures.

Our findings also confirm previous reports that ICH is a
more common seizure etiology among infants born preterm
compared with term, likely attributable to the greater inci-
dence of IVH (with and without associated infarction) in in-
fants born preterm vs term.”'”*' Although our study is
relatively large, it likely underestimated the incidence of sei-
zures related to ICH in infants born preterm, as seizure detec-
tion in this population can be challenging.” In particular, the
reported incidence of seizures among infants born preterm is

4 A
Table III. Seizure characteristics, management, and outcome in neonates born at term with HIE and ICH vs HIE alone
Characteristics HIE with ICH (N = 13) HIE without ICH (N = 188) P value
Clinical characteristics

Apgar score at 1 min 2105, 3] 201, 4] .72
Apgar score at 5 min 412, 6] 5[3,7] 49
Mode of delivery
Vaginal 6 (46) 69 (37) .56
Instrumented vaginal (vacuum or forceps) 18 14 (7)
Scheduled cesarean delivery 2 (15) 14 (7)
Emergent cesarean delivery 4 (31) 91 (48)
Received therapeutic hypothermia 8 (62) 107 (57) .75
Seizure characteristics
Presence of subclinical seizures 11 (85) 123 (65) 16
Seizure burden (EEG seizures)
None 1(8) 34 (18) 37
Rare EEG seizures (<7) 2 (19) 45 (24)
Many isolated EEG seizures (>7) 2 (15) 26 (14)
Frequent recurrent EEG seizures 3(23) 51 (27)
Status epilepticus 5 (38) 32 (17) .05
Treatment characteristics
Incomplete response to initial ASM 9 (69) 113 (60) 35
Number of ASMs administered 2[1,3] 2[1,2] 39
Outcome
Abnormal examination at discharge 6 (46) 63 (34) .23
Abnormal consciousness 7 (54) 41 (22) .01
Assisted ventilation at discharge 6 (46) 41 (22) <.05
All oral feeds at discharge 4 (31) 98 (52) 14
Disposition
Home 6 (46) 120 (64) 33
Transfer to another hospital/long-term care facility (15) 28 (15)
Deceased/hospice 40 (21) )

Data are presented as No. (%) or median [IQR].
Pvalues in bold indicate statistical significance.

Seizure Severity and Treatment Response in Newborn Infants with Seizures Attributed to Intracranial Hemorrhage 5
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highly variable depending on the type and timing of EEG
monitoring and the selection of neonates for monitoring,
with a reported incidence of 4%-48% in single-center studies
of amplitude-integrated electroencephalogram (aEEG) or
cvEEG in the first days after birth.”"***> A greater seizure
incidence has been reported in studies using aEEG compared
with ¢vEEG monitoring in infants born preterm,zz‘23’25
raising questions about the accuracy of aEEG vs cvEEG for
seizure detection in this population. In addition, variations
in inclusion criteria (all infants born preterm vs those with
a clinical indication for ¢cvEEG monitoring such as IVH)
and infant gestational age (<30 weeks vs <37 weeks) likely
contribute to large variability in reported seizure incidence.
Lastly, variable cvEEG monitoring timing and duration,
ranging from 3 to 72 hours of continuous monitoring initi-
ated at different time points over the first week after birth,
may affect reported seizure incidence.

One systematic study found that only 5% of 120 infants
with gestational ages <32 weeks who were screened with
cvEEG monitoring in the first 72 postnatal hours after birth
had electrographic seizures.”” Notably, those infants born
preterm with seizures were more likely to have a grade 3 or
4 TVH in the first 72 hours compared with those without sei-
zures (33% vs 4%, P = .04). Therefore, although the preva-
lence of early-life seizures may be low among unselected
infants born preterm, those with severe IVH are a high-risk
population who would likely benefit from cvEEG screening.
Our data further support this recommendation, given that
among 25 infants born preterm with ICH as the primary
seizure etiology, 32% had ¢cvEEG monitoring initiated based
on encephalopathy or abnormal head imaging rather than
suspected seizures, and had seizures that could have been
missed without a screening cvEEG approach. Experimental
and clinical data also support seizure screening in high-risk
neonates, given the association between seizure burden and
adverse outcomes. Although this relationship has been
most rigorously studied in infants born term with perinatal
asphyxia,”®** a similar relationship has been described in in-
fants born preterm.” Furthermore, new data suggesting a
shorter time to seizure treatment increases the odds of suc-
cessful seizure control further support a screening cvEEG
approach in high-risk neonates.” Although our data showed
high seizure burden and frequent subclinical seizures in in-
fants born both term and preterm, 38% of neonates in the
study had low seizure burden (0-6 EEG-confirmed seizures).
Among these neonates with low seizure burden, 1 of 2 of in-
fants born term but only ~1 of 3 of infants born preterm
received phenobarbital before ¢cvEEG monitoring. These
data show that some term neonates do respond to an initial
ASM and do not require additional ASMs. In contrast, in-
fants born preterm may not respond as well to the initial
ASM or may benefit from more screening cvEEG for earlier
detection and treatment of seizures, because more infants
born preterm with seizures had cvEEG monitoring initiated
for reasons other than suspected seizures.

Another finding of this study was that infants with compli-
cated ICH have greater seizure severity and poorer treatment

6
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response. Specifically, the presence of multiple sites of ICH
was associated with a greater seizure burden compared
with a single site of ICH. Even more striking, all infants
with multiple sites of ICH had a poor response to the initial
ASM, compared with ~2 of 3 of those with single-site ICH.
Furthermore, almost all infants (93%) with multisite ICH
had subclinical seizures. Multisite ICH likely increases the
risk of multiple seizure origins, which may contribute to
greater seizure severity and poorer response to treatment.
Therefore, neonates with multisite ICH may benefit particu-
larly from routine cvEEG monitoring and more aggressive
seizure management.

Our data showed that neonates with HIE complicated by
secondary ICH tended to have greater seizure severity
compared with those with HIE alone. The occurrence of
ICH in neonates with HIE is multifactorial, potentially
involving a progression of hypoxia-related endothelial
dysfunction leading to increased permeability of cerebral ves-
sels and ultimately vascular leakage that occurs with reperfu-
sion injury.” The increased cerebral venous pressure in the
setting of perinatal asphyxia also may play a role in the devel-
opment of IVH, as demonstrated in animal studies of pre-
term fetal sheep.x’31 In term neonates, venous thrombosis is
thought to be a common mechanism leading to IVH.” How-
ever, it is unclear whether the greater seizure severity in neo-
nates with HIE and ICH (vs HIE alone) is related to more
severe ischemic brain injury or the additive effect of the
ICH. Investigators in our study specifically noted ICH as a
secondary seizure etiology in these neonates. Thus, it is
more likely that ICH itself contributed to the higher seizure
severity rather than more severe ischemic brain injury in ne-
onates with HIE complicated by ICH.

The literature evaluating ICH as a complication of HIE is
limited. One study of 138 neonates with HIE found that 18%
had concomitant ICH, which is 3 times greater than our re-
ported rate of ICH complicating HIE, but the authors found
no difference in seizure incidence in neonates with HIE and
ICH vs isolated HIE."® The difference in ICH incidence be-
tween studies may be related to the inclusion of all types of
ICH regardless of potential contribution to seizures in the
study of 138 neonates, particularly because they reported
subdural hemorrhage as the most common site of ICH
complicating HIE (34%). In contrast, our cohort likely in-
cludes neonates with HIE and ICH whose ICH was not
thought to contribute to seizures and therefore not reported,
which could explain why our study showed a lower rate of
ICH complicating HIE. Our data suggest that neonates
with seizures caused by both HIE and ICH are a high-risk
population with regard to seizure severity, and the reasons
for this finding deserve further study.

Although this is a large, multicenter, prospective cohort of
neonates with seizures caused by ICH, our study has several
limitations. First, some subgroup analyses were limited by
small sample sizes, such as infants born preterm with ICH
and those with both HIE and ICH or multisite ICH. Second,
the study relied on the determination of seizure etiologies by
study investigators from available neuroimaging and EEG
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data. Although all data were interpreted by specialists with
expertise (neonatal neurologists, pediatric neurophysiolo-
gists and neuroradiologists), the lack of a central review of
data may have led to variability in assigning seizure etiologies
among centers. Third, in some neonates without an available
magnetic resonance imaging of the brain, ICH type and loca-
tion were determined by ultrasonography of the head only,
which might have limited the ability to distinguish PVHI
from isolated parenchymal hemorrhage. Fourth, we did not
include a specific category for subpial hemorrhages, which
were likely included in the subarachnoid hemorrhage cate-
gory.”” Lastly, we were unable to determine potential contrib-
utors to the differences between neonates with HIE and ICH
vs HIE alone (eg, coagulopathy/bleeding risk or other poten-
tial risk factors for ICH).

Our report provides evidence that ICH is an important
seizure etiology in infants born both term and preterm
with regard to seizure severity and management. These find-
ings support the recommendation for routine cvEEG moni-
toring in neonates with ICH, as recommended by American
Clinical Neurophysiology Society guidelines,'" as the time to
seizure treatment may improve outcome.’* Clinicians should
consider initiating cvEEG monitoring for infants with paren-
chymal hemorrhage and high-grade IVH, even in the absence
of clinical seizures, as our data show high seizure severity with
frequent subclinical seizures in this population. We also iden-
tify several particularly high-risk groups of neonates with
ICH, including infants born preterm with parenchymal hem-
orrhage or high-grade IVH and neonates born term with
multisite ICH or HIE and ICH, and suggest they may benefit
from both a screening cvEEG approach to improve seizure
detection and a multistep treatment plan that considers early
use of ASMs. B
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Contributed to
interpretation
Ann Marie Bergin, MB, ScM, MRCP (UK)
Boston Children’s Hospital
Harvard Medical School
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Contributed to neurophysiology data analysis and
interpretation
Dennis Dlugos, MD, MSCE
Children’s Hospital of Philadelphia
University of Pennsylvania School of Medicine
Philadelphia, PA

study design, data analysis, and

study design, data analysis, and
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