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Abstract

Background: Acute metabolic crises in inborn errors of metabolism (such as urea cycle disorders, organic acidemia,
maple syrup urine disease, and mitochondrial disorders) are neurological emergencies requiring management in the
pediatric intensive care unit (PICU). There is a paucity of data pertaining to electroencephalograms (EEG) characteris-
tics in this cohort. We hypothesized that the incidence of background abnormalities and seizures in this cohort would
be high. Neuromonitoring data from our center’s PICU over 10 years are presented in this article.

Methods: Data were collected by retrospective chart review for patients with the aforementioned disorders who
were admitted to the PICU at our institution because of metabolic/neurologic symptoms from 2008 to 2018. Descrip-
tive statistics (y° test or Fisher's exact test) were used to study the association between EEG parameters and outcomes.

Results: Our cohort included 40 unique patients (8 with urea cycle disorder, 7 with organic acidemia, 3 with maple
syrup urine disease, and 22 with mitochondrial disease) with 153 admissions. Presenting symptoms included altered
mentation (36%), seizures (41%), focal weakness (5%), and emesis (28%). Continuous EEG was ordered in 34% (n=52)
of admissions. Twenty-three admissions were complicated by seizures, including eight manifesting as status epilepti-
cus (seven nonconvulsive and one convulsive). Asymmetry and focal slowing on EEG were associated with seizures.
Moderate background slowing or worse was noted in 75% of EEGs. Among those patients monitored on EEG, 4 (8%)
died, 3 (6%) experienced a worsening of their Pediatric Cerebral Performance Category (PCPC) score as compared to
admission, and 44 (86%) had no change (or improvement) in their PCPC score during admission.

Conclusions: This study shows a high incidence of clinical and subclinical seizures during metabolic crisis in

patients with inborn errors of metabolism. EEG background features were associated with risk of seizures as well as

discharge outcomes. This is the largest study to date to investigate EEG features and risk of seizures in patients with
-
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neurometabolic disorders admitted to the PICU. These data may be used to inform neuromonitoring protocols to
improve mortality and morbidity in inborn errors of metabolism.

Keywords: Inborn errors of metabolism, Acute metabolic crisis, Hyperammonemia, Urea cycle disorders, Organic
acidemias, Maple syrup urine disease, Mitochondrial disorders

Introduction

Metabolic decompensation in inborn errors of metabo-
lism (IEMs) is a life-threatening emergency that frequently
results in admission to the pediatric intensive care unit
(PICU). Most patients recurrently admitted to the PICU
with an IEM have a proximal urea cycle disorder (UCD),
an organic acidemia (OA), maple syrup urine disease
(MSUD), or a mitochondrial disease (MD), including mito-
chondrial encephalopathy, lactic acidosis, and stroke-like
episodes (MELAS) [1, 2]. The mechanism of brain injury in
each disorder is distinct, reflecting differences in biochemi-
cal pathways [3]. UCD is a rare group of disorders caused
by a genetic defect in one of the six enzymes or two carrier
molecules involved in removal of nitrogen in the liver. As
a result, there is accumulation of ammonia, which leads to
astrocyte swelling, dysregulation of glutaminergic neuro-
transmission, and secondary mitochondrial dysfunction [4,
5]. OAs are a heterogenous group of disorders character-
ized by accumulation of toxic organic acid moieties in the
plasma. For example, methylmalonic acidemia and propi-
onic acidemia are inborn errors of the propionate pathway
characterized by accumulation of methylmalonic acid and
propionic acid, respectively, which can lead to metabolic
brain injury in the deep nuclei and cortex. There can be
hyperammonemia (HA) and lactic acidosis due to sec-
ondary inhibition of urea cycle enzymes and the pyruvate
dehydrogenase complex, respectively, which become addi-
tional contributors to brain injury [6-9]. MSUD is caused
by a genetic defect of the enzyme complex branched chain
amino acid (BCAA) dehydrogenase, leading to elevated
levels of leucine (and other BCAASs), which results in
malignant cerebral edema. Pathogenesis is complicated
by depletion of neurotransmitters, such as dopamine,
y-aminobutyric acid, and glutamate, and dysregulation of
vasopressin. The cerebral edema can be difficult to treat
because renal excretion of BCAA leads to obligate sodium
loss [10-13]. MDs are a heterogenous group of conditions
that can present with neurologic or nonneurologic symp-
toms at any age. In MELAS and related conditions, genetic
defect in mitochondrial (or nuclear) DNA leads to impaired

production of the subunits of the electron transport chain.
This in turn leads to defective oxidative phosphorylation in
cerebral vessels, culminating in lactic acidosis and stroke-
like episodes. The area of cortical injury often involves the
parieto-occipital lobes or subcortical nuclei and does not
conform to a vascular territory. The role of nitric oxide
deficiency is well established and becomes the rationale for
treatment with arginine [14—16] (Fig. 1).

Because of the high incidence of acute seizures in these
disorders, we hypothesized that continuous electroen-
cephalogram (cEEG) monitoring could lead to changes
in acute care. cEEG monitoring has been used as a neu-
romonitoring tool in the PICU to guide management
and provide prognostic information for a diverse group
of neurologic disorders, including traumatic brain injury,
stroke, cardiac arrest, and congenital cardiac defects [17—
20]. EEG has not been studied systematically in IEMs,
and therefore there is a lack of data regarding its useful-
ness in these disorders [21]. We present our data over
10 years from a single center studying EEG characteris-
tics in our cohort.

Methods

Data Collection

Data was collected by retrospective chart review for
patients with proximal UCD, OA, MSUD, and MD who
were admitted to the PICU at our institution because of
metabolic or neurologic symptoms from 2008 to 2018.
The study was approved by the Institutional Review
Board of Children’s National Hospital (Pro0001495).
Consent was not required. Study data were collected and
managed using REDCap (Research Electronic Data Cap-
ture) hosted at Children’s National. REDCap is a secure
Web-based application designed to support data cap-
ture for research studies [22]. Inclusion criteria included
a confirmed diagnoses of UCD, MD, OA, or MSUD and
admission to the PICU because of metabolic failure or
neurologic symptoms. Patients with a suspected but not
confirmed metabolic disorder were excluded.

(See figure on next page.)

Fig. 1 Simplified diagram showing mechanisms of brain injury in urea cycle disorder (UCD), organic acidemia (OA), maple syrup urine disease
(MSUD), and mitochondrial disease (MD). ICP intracranial pressure, MMA methylmalonic acidemia, NMDAR N-methyl-D-aspartate receptor, NO nitric

oxide, PA propionic acidemia
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At our institution, cEEG is used in accordance with the
American Clinical Neurophysiology Society consensus
statement on cEEG in pediatric and adult patients [23].
Patients on cEEG are monitored for a minimum of 24 h,
with prolonged recordings for patients with seizures or
other high-risk EEG background features [23]. EEGs are
recorded using the modified 10-20 system of electrode
placement and interpreted by board-certified pediat-
ric epileptologists and neurophysiologists in accordance
with American Clinical Neurophysiology Society stand-
ardized critical care EEG terminology [24]. EEG features
were extracted from reports in the electronic medical
record. EEG features analyzed were as follows: best and
worst background during the first 24 h of cEEG, state
change, reactivity, symmetry, voltage, focal slowing, sleep
spindles, sporadic epileptiform discharges, rhythmic
and periodic patterns, seizures, and status epilepticus.
The background was categorized as follows: mild slow-
ing (slowing of posterior dominant rhythm, intermittent
background slowing), moderate slowing (loss of posterior
dominant rhythm), severe slowing (predominantly 1- to
2-Hz delta activity), discontinuous, burst attenuated and/
or suppressed. We used this scale to further refine the
category of slow/disorganized included in many pedi-
atric critical care EEG studies [25]. Electrographic sei-
zures were defined as follows: abnormal, paroxysmal
EEG events that were distinctly different from the back-
ground activity; longer than 10 s duration or shorter if
associated with a clinical event; and episodes that had
a plausible electric field with evolution in morphology
and spatial distribution. Electrographic seizures included

electrographic (or EEG-only seizures) as well as electro-
clinical seizures.

Neuroimaging data were extracted from the electronic
medical record based on interpretation by board-certi-
fied neuroradiologists. Pediatric Overall Cerebral Per-
formance Category and Pediatric Cerebral Performance
Category (PCPC) were scored by KS, NP, and a research
assistant based on retrospective review of patient charts.

Statistical Analysis

Cohort characteristics and clinical outcomes were sum-
marized with percentages for categorical variables and
means for numerical variables. PCPC outcome data were
categorized into no change in PCPC score, increase in
PCPC score, and in-hospital mortality. Seizure data were
categorized into no seizures and seizures groups. We
compared the associations between the EEG parameters
and the clinical outcomes (PCPC and seizure) using the
x° test or Fisher’s exact test; the corresponding p val-
ues were reported. Data were analyzed using SAS for
Windows version 9.4 (SAS Institute Inc., Cary, NC). A
two-sided test with a significance level of 0.05 was used
throughout all the hypothesis tests.

Results

General Cohort Characteristics

Our cohort included 40 unique patients (8 with UCD, 7
with OA, 3 with MSUD, and 22 with MD) with a total
of 153 PICU admissions (Table 1). Presenting symptoms
included altered mental status (n=55, 36%), seizures
(n=62, 41%), focal weakness (n=8, 5%), and emesis

Table 1 Participant breakdown by demographics (age, sex, ethnicity) and diagnosis

Ethnicity Category Subtype Confirmed
via genetic
testing

0-5 11 White 10 Male 22 MSUD (h=3) Yes (n=32)
6-10 7 African American 8 Female 18 OA(h=7) Disorder of cobalamin metabolism: 1 No (n=7)
GA1: 1
IVA: 1
MMA: 2
PA: 2
11-14 7 Middle Eastern 1 UCD (h=8) ARG deficiency: 2 Unknown (n=1)
ASS1 deficiency: 1
OTC deficiency: 5
15-19 7 Asian 4 MD (n=22) Leigh syndrome: 7
MELAS: 4
Mitochondrial depletion syndrome: 3
Other: 8
20-25 5 Hispanic/Latino 8
25+ 2 Not specified 9
Unknown 1

ARG, Arginase, ASS1, Argininosuccinate Synthetase 1, GA1, glutaric acidemia type 1, IVA, isovaleric acidemia, MD, mitochondrial disease, MELAS, Mitochondrial
Encephalopathy Lactic Acidosis and Stroke-like episodes, MMA, methylmalonic acidemia, MSUD, maple syrup urine disease, OA, organic acidemia, OTC, ornithine

transcarbamylase PA, propionic acidemia, UCD, urea cycle disorder



(n=41, 28%). Biochemical aberrations during admission
included lactic acidosis (55%), HA (37%), and elevated
leucine levels (6%). Seventy-two percent of patients had
a diagnosis of epilepsy before PICU admission, and 63%
of patients with epilepsy were on more than three antisei-
zure medications. Thirty-seven percent of patients had
had a stroke-like episode at any point of time before
PICU admission. Neuroimaging (magnetic resonance
imaging [MRI]) was performed during 25% of admis-
sions, revealing edema (2.4%), cortical and basal ganglia
injury (20% and 2.4%, respectively), and encephaloma-
lacia (49%). Management in the PICU followed stand-
ardized treatment recommendations for the specific
disorders, including intravenous arginine for MELAS,
ammonia scavenger medications and hemodialysis in HA
in OA and UCD, and appropriate dietary and fluid man-
agement. The mean length of stay in the PICU was 5.11
days, and 4% of patients had in-house mortality. Only 8%
of admissions had iatrogenic complications, most com-
monly hyperglycemia or hypotension. Mean Pediatric
Overall Cerebral Performance Category and PCPC scores
at discharge were 3.32 and 3.39, respectively.

EEG Background and Seizure Characteristics

EEG data were available for 52 (34%) admissions. Indica-
tions for ordering EEG were clinical paroxysmal events
suspected to be seizures (n=20, 38%), persistently
altered mental status following status epilepticus (n=11,
21%), acute supratentorial brain injury with altered men-
tal status (n=38, 15%), unexplained alteration of mental
status without known brain injury (n=7, 13%), intrac-
ranial pressure (ICP) monitoring (n=2, 4%), and other
indications (n =13, 25%). Minimum duration of EEG was
2.6 h and maximum duration was 533.5 h with a median
of 22.1 h (interquartile range [IQR] 13.8-56 h). For a
detailed characterization of EEG findings for the cohort
as a whole and for each type of disorder, see Table 2. Most
EEGs showed an abnormal background, most commonly
mild or moderate slowing. There appears to have been a
change in the EEG background severity during at least a
subset of admissions given that the distribution of back-
ground abnormalities for the worst background recorded
differed from that for the best background recorded.
Background asymmetry and focal slowing was associ-
ated with a higher incidence of seizures and these results
were statistically significant (»p=0.01 and 0.03, respec-
tively; Table 3). Background findings led to changes in
care in several situations. For example, a 27-year-old
female patient with MELAS and a history of multiple
stroke-like episodes, refractory epilepsy, and intellectual
disability presented with emesis and breakthrough sei-
zures in the setting of viral infection. Urgent brain MRI
could not be performed overnight, but cEEG showed left

occipital sharp waves and generalized slowing. Based on
clinical presentation, lactic acidosis, and EEG findings, a
stroke-like episode was suspected, and intravenous argi-
nine therapy was initiated. Brian MRI performed the
next morning confirmed new diffusion-weighted imaging
(DWT) changes in the left occipital lobe, and therapy was
continued.

More than half of the EEGs showed sporadic epilepti-
form discharges, and almost half had a rhythmic or peri-
odic pattern and/or seizures. Twenty-three admissions
during which EEG monitoring was performed were com-
plicated by seizures, including eight (35%) manifesting
as status epilepticus (seven nonconvulsive and one con-
vulsive). Ten such admissions (43%) were complicated
by both clinical and subclinical seizures, and 22 (96%)
were complicated by subclinical seizures and/or non-
convulsive status epilepticus. One admission that did
not include EEG monitoring was complicated by clini-
cal seizures. Seizures were<5 min in duration (=21,
91%) and focal (n=14, 61%) in most patients who had
seizures. The number of seizures per patient ranged
from 1 to 201, with a median of 13.5 (IQR 5.3-77.5), and
seizure minutes in the worst hour ranged from 1 to 60
min, with a median of 5 (IQR 3-14.5) minutes. Of note,
both asymmetry (p=0.01) and focal slowing (»p=0.03)
on EEG were associated with the presence of seizures.
No other background EEG features were associated with
seizures. New seizure medications were started in 18
(78%) patients who underwent EEG monitoring and had
seizures. The most frequently used medications were
phenytoin in 11 (21%) patients and phenobarbital in 9
(17%) patients monitored on EEG. Midazolam infusion
was required in 21% of these admissions per the status
epilepticus protocol in our PICU, suggesting the refrac-
tory nature of seizures during acute metabolic crisis in a
subset of these patients. Statistical comparison of seizure
and EEG characteristics across the four groups of dis-
orders was not feasible because of the small number of
patients with OA, UCD, and MSUD monitored on EEGs
who also had seizures.

EEG Features Associated with Outcome

Patient outcomes were assessed at discharge. Among
those patients monitored on EEG with a known outcome
at discharge (n=51), 4 (8%) died, 3 (6%) experienced a
worsening of their PCPC score as compared to admis-
sion, and 44 (86%) had no change (or improvement) in
their PCPC score during admission. EEG features asso-
ciated with outcome included the best background cat-
egory (p=0.01), reactivity (p=0.03), and amplitude
(p=0.04) (Table 4). No other EEG background feature,
including rhythmic and periodic patterns or seizures, was
significantly associated with outcome. The association



Table 2 EEG features in patients with IEM admitted to the pediatric intensive care unit

Total (N=52) MSUD (n=3) Mitochondrial dis- Organic acidemia Urea cycle
ease (n=45) (n=2) disorder

(n=2)

Normal 3 0 3 0 0
Mild slowing 19 1 15 0 2
Moderate slowing 26 1 25 1 0
Severe slowing 1 0 1 0 0
Discontinuous 1 0 0 1 0
Burst attenuation and/or suppression 2 1 1 0 0
Unknown 0 0 0 0 0

‘

Normal 2 0 0 0
Mild slowing 10 1 7 0 2
Moderate slowing 27 1 26 0 0
Severe slowing 7 0 7 0 0
Discontinuous 3 0 1 2 0
Burst attenuation and/or suppression 2 1 1 0 0
Unknown 1 0 1 0 0

‘

Present
Absent
Unknown

(G2 N RENON)
oo
o -
> o W
w

o O
o —

Present 31 2 27

Absent 4 1 3 0 0
Unknown 17 0 15 1 1
Yes 25 2 20 2 1
No 24 1 23 0 0
Unknown 3 0 2 0 1
Yes 22 0 22 0 0
No 30 3 23 2 2

o
(@)
(@)

Unknown 0

‘

Normal 42 2 37 2 1
Low (10-20 pV) 6 0 6 0 0
Suppressed (< 10 pV) 2 1 1 0 0
Unknown 2 0 1 0 1

Present and symmetric 16 2 14 0 0
Present and asymmetric 4 0 4 0 0
Absent 25 1 23 0 1
Unknown 7 0 4 2 1

Present 32 2 29 1 0
Absent 17 1 15 0
Unknown 3 0 1 1 1

Rhythmic or periodic patterns
Present 24 0 22 1 0




Table 2 (continued)

Total (N=52)

MSUD (n=3)

Absent 24 3

Unknown 4 0
Seizures

Present 23 1

Absent 28

Unknown 1

Status epilepticus

Present 8 1
Absent 43
Unknown 1

Mitochondrial dis- Organic acidemia Urea cycle

ease (n=45) (n=2) disorder
(GEP)]

21 0 1

2 1 1

21 0 1

23 2 1

1 0 0

7

37

EEG, electroencephalogram, IEM, inborn errors of metabolism, MSUD, maple syrup urine disease

results are made based on univariate analysis; because of
the limitation of sample size, no covariates/cofounders
are included.

Discussion

The study shows a high incidence of seizures, especially
subclinical seizures, in intoxication type and energy defi-
ciency IEMs. Asymmetry and focal slowing of the EEG
background were associated with an increased risk for
seizures. In addition to subclinical seizures, our neu-
romonitoring data also revealed a high incidence of
encephalopathy during metabolic crisis as character-
ized by background slowing, lack of state change, and
lack of reactivity. EEG features associated with outcome
included the best background category during the first 24
h of recording, reactivity, and voltage.

Almost half of the admissions for acute metabolic
crisis in our cohort were characterized by seizures,
and a significant subset showed subclinical seizures.
Twenty-three admissions were complicated by seizures,
including eight manifesting as status epilepticus (seven
nonconvulsive and one convulsive). Ten admissions
were complicated by both clinical and subclinical sei-
zures, 22 were complicated by subclinical seizures and/
or nonconvulsive status epilepticus, and one was com-
plicated by clinical seizures not captured on EEG. Our
data also suggest that asymmetry (p=0.01) and focal
slowing (p=0.03) of the EEG background are associ-
ated with seizures. Close attention to asymmetry and
focal slowing may help identify patients who are at
increased risk for seizures. Asymmetry and focal slow-
ing in patients with IEMs may predict metabolic brain
injury and should prompt consideration for neuroim-
aging. As demonstrated in the case of the patient with
MELAS who presented with breakthrough seizures,

EEG background and focal sharp waves led to changes
in inpatient management by initiation of appropriate
therapy, and ischemic injury was identified on MRI
subsequently. It is of utmost importance to identify
patients who are at increased risk of seizures because
seizures lead to a vicious cycle of increased cerebral
metabolism, oxidative stress, and further mitochondrial
dysfunction [26-28]. For example, HA is associated
with status epilepticus, coma, respiratory failure, and
death [29]. Verma et al. reported that EEG abnormali-
ties can be seen in HA and that subclinical seizures are
common during acute metabolic crisis [30]. In an orni-
thine transcarbamylase (OTC) murine model, the etiol-
ogy of seizures was attributed to desynchronized Ca*"
signaling and impaired Kt buffering [31]. The higher
incidence of focal seizures in patients with MELAS and
other MDs is not unexpected given the injury caused
by stroke-like episodes is often focal, leading to corti-
cal irritability. Seizures in a patient with MELAS should
be considered a sign of a potential stroke-like episode
and not as a breakthrough seizure even if they have a
known history of epilepsy [15, 16]. The incidence of
acute provoked seizures and development of long-term
epilepsy in OA have not been studied systematically.
In a cohort reported by Jiang et al. [32], seizures were
reported in 14.64% and 14.50% of hospitalized patients
with methylmalonic acidemia and propionic acidemia,
respectively.

The most common indications for ordering EEG were
paroxysmal events concerning for seizures or altered
mental status following prolonged seizures. Moderate
slowing or worse was noted in 75% of EEGs. Change in
EEG background and increase in interburst intervals can
predict worsening in metabolic failure, such as HA and
lactic acidosis [33]. Previous studies have shown that the



Table 3 EEG background features associated with seizures

EEG feature Seizures No

(n=23) seizures

(n=28)

Best background 0.70
Normal
Mild slowing

N O

Moderate slowing

Severe slowing

Discontinuous

Burst attenuation and/or suppression

OO oo == —
O N = O = O N

Unknown
Worst background 0.15

Normal

Mild slowing

N
w

Moderate slowing
Severe slowing
Discontinuous

Burst attenuation and/or suppression

o o —- o = M O
o NN = = O N

Unknown
State change 0.89
Present 18 20
Absent 3 6
Unknown 2 2
Reactivity 0.15
Present 14 17
Absent 0 4
Unknown 9 7
Symmetry 0.01
Yes 7 18
No 16 8
Unknown 0 1
Focal slowing 0.03
Yes 14 8
No 9 20
Unknown 0 0
Amplitude 0.14
Normal 22 20
Low (10-20 pv) 1 5
Suppressed (<10 pV) 0 2
Unknown 0 1
Sleep spindles 0.31
Present and symmetric 9
Present and asymmetric 3 1
Absent 1
Unknown 1
Sporadic epileptiform discharges 0.54
Present 16 16
Absent 7 10
Unknown 0 2
Rhythmic or periodic patterns 0.21
Present 14 10
Absent 8 16
Unknown 1 2

Table 3 (continued)

Bold values indicate statistically significant of p values

EEG, electroencephalogram

EEG background in UCD and OA complicated by HA
comprises low voltage slow waves with asymmetric delta
and theta waves and may reveal burst suppression [5].
A case series from our center describing eight neonates
with HA demonstrated that all patients lacked state
changes on EEG, and there was correlation between
interburst interval duration and degree of HA [34].

Consideration can also be given to using EEG as a non-
invasive means of monitoring for increased ICP second-
ary to cerebral edema from HA, hyperleucinemia, or
other metabolic brain injury when more invasive modali-
ties are not an option. In our cohort, ICP monitoring was
noted to be the reason for ordering an EEG in a small sub-
set of patients (4%). For example, acute suppression ratio
on quantitative EEG can be used to predict and monitor
raised ICP. Sansevere et al. [35] published a retrospective
review of 13 patients with clinical or neuroimaging signs
of raised ICP who were monitored on cEEG. They noted a
median time of 3.12 h from an increase in the suppression
ratio on quantitative EEG to signs of raised ICP on exami-
nation or neuroimaging. Based on these findings, quanti-
tative EEG may be a useful tool for management of acute
crises in IEMs. The disorders included in that publication
included epileptic encephalopathy and cardiac arrest, and
therefore whether these results are applicable to patients
with IEMs remains to be determined.

We also identified EEG features associated with out-
come in our population. The best background category,
reactivity, and voltage were associated with a PCPC score
at discharge that was the same as or improved compared
to the baseline PCPC score. A normal or mildly abnormal
background, the presence of reactivity, and a normal volt-
age background are all more likely to be seen in patients
without new brain injury. This is keeping with prior stud-
ies that have examined the association of EEG background
features with outcome after pediatric cardiac arrest [17]
and traumatic brain injury [18]. EEG background features
may be used to screen for new metabolic injury and/or to
identify patients at high risk of metabolic injury for tar-
geted neuroprotective and other therapeutic measures.

There are several limitations to this study. First, this
was a single-center retrospective study with a relatively
small number of patients. Therefore, a comparison of sei-
zure and EEG characteristics across the four groups of
disorders was not statistically feasible. Furthermore, the
X test or Fisher’s exact test was used to test for the asso-
ciations between EEG features and clinical outcomes.
However, our conclusion is made based on the univariate



Table 4 EEG features associated with outcome

Death (n=4) Worsening PCPC (n=3) No change in PCPC
(n=44)

Normal 0 0 3
Mild slowing 1 3 15
Moderate slowing 1 0 25
Severe slowing 0 0 1
Discontinuous 0 0 0
Burst attenuation and/or suppression 2 0 0
Unknown 0 0 0

‘

Normal 0 0

Mild slowing 0 1

Moderate slowing 2 2 23
Severe slowing 0 0 7
Discontinuous 0 0 2
Burst attenuation and/or suppression 2 0 0
Unknown 0 0 1

N
w
w
N

Present
Absent
Unknown 0

o N
o
[SaEEN|

Present 2 3 25
Absent 2 0 2

Unknown 0 0 17
Yes 4 1 19
No 0 2 22

Unknown 3

o
o

Yes 0 1 21
No 2 23
Unknown 0 0 0

Normal
Low (10-20 pV)
Suppressed (< 10 pV)

o N O N
o O O w

Unknown

‘

Present and symmetric 1 2 13
Present and asymmetric 0 0 4
Absent 3 1 21
Unknown 0 0 6

N
N
O

Present
Absent
Unknown 0 2

—
w

‘

Present 0 2 22
Absent 4 1 19




Table 4 (continued)

EEG feature Death (n=4) Worsening PCPC (n=3) No changein PCPC P value
(n=44)
Unknown 0 0 3
Seizures 0.25
Present 0 2 21
Absent 1 22
Unknown 0 0 1
Status epilepticus 0.10
Present 0 1 6
Absent 38
Unknown 0 0
Bold values indicate statistically significant of p values
EEG, electroencephalogram, PCPC, pediatric cerebral performance category
analysis without adjusting any covariates because of the = Conclusions

small sample size. In addition, many patients were intu-
bated and sedated, which could have played a confound-
ing role on the EEG background. Moreover, there were
multiple EEG readers, and our analysis relied on EEG
reports rather than rereview of the recordings.

We aim to use the data from this article to form a for-
mal neuromonitoring protocol for acute crisis in IEMs
[21]. The results of our study suggest that EEG should be
considered when these patients are being managed for
acute metabolic crisis, regardless of occurrence of clini-
cal seizures because identification of subclinical seizures
as well as background abnormalities can lead to changes
in care. However, risk/benefit analysis and a thorough
review of clinical data are indispensable because cEEG
monitoring may not be easily available at some centers
that are not tertiary care children’s hospitals. At most
centers, medical geneticists take the lead in manage-
ment of acute metabolic crisis in patients with IEMs. Our
study reiterates that early consultation with a pediatric
neurology team and collaborative care models can lead
to improvement in neuromonitoring, which may con-
tribute to better outcomes. Further studies are required
to understand the importance of neuromonitoring in
IEMs and to meaningfully improve the survival and long-
term outcomes. Understanding the biochemical basis of
brain injury in these IEMs will help in establishing tailor-
made neuromonitoring protocols and improving the out-
comes in this patient population. For instance, seizures
were noted to be extremely common during stroke-like
episodes in MELAS; therefore, consideration should be
given to monitoring these patients on cEEG throughout
their management. On the other hand, seizures are not
very common during metabolic crisis in MSUD, but EEG
may be invaluable in monitoring ICP using the acute sup-
pression ratio or other similar measures.

We report the largest study to date investigating seizure
characteristics and EEG attributes of patients with neu-
rometabolic disorders admitted to the PICU. This study
identified a high prevalence of seizures, especially sub-
clinical seizures, for patients presenting with metabolic
decompensation. Three quarters of EEGs showed moder-
ate slowing or worse, and asymmetry and focal slowing
were both associated with seizures. There are currently
no standardized guidelines for neuromonitoring in IEMs.
These data can serve to establish standardized protocols
to improve the recognition, stabilization, and recovery
of patients with IEMs. This study also emphasizes the
importance of collaborative clinical care between inten-
sivists, pediatric neurologists, and biochemical geneti-
cists for this patient population. Lastly, we advocate for
a multicenter registry for patients with IEMs where fea-
tures of EEG and other advanced neuromonitoring tech-
niques can be researched and studied systematically.
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