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Abstract Few studies exist describing resources and care of pediatric patients with inborn errors of
metabolism (IEM)admitted to pediatricintensive care unit (PICU). This study aims to characterize
the PICU admissions of these patients to provide better diagnostic and therapeutic care in the
future. Retrospective analysis of pediatric patients with IEM admitted to the PICU of a tertiary care
center at a metabolic referral university hospital from 2009 to 2019 was included. Clinical
information and demographic data were collected from PICU clinical records. During this period,
2% (n = 88 admissions, from 65 children) out of 4,459 PICU admissions had clinical features of
[EM. The median age was 3 years (range: 3 days-21 years) and 33 were male. Median age at
diagnosis was 3 months; 23/65 patients with intoxication disorders, 21/65 with disorders of
energy metabolism, 17/65 with disorders of complex molecules, and 4/65 with other metabolic
diseases (congenital lipodystrophy, Menkes’ disease, hyperammonemia without a diagnosis).
From a total of 88 admissions, 62 were due to metabolic decompensation (infection—38,
neonatal period decompensation—14, external accident—5, prolonged fasting—2, and thera-
peutic noncompliance—3) and 26 elective admissions after a scheduled surgery/elective
procedure. The most frequent clinical presentations were respiratory failure (30/88) and
neurological deterioration (26/88). Mechanical ventilation was required in 30 patients and
parenteral nutrition in 6 patients. Extracorporeal removal therapy was required in 16 pediatric
patients (12 with maple syrup urine disease and 4 with hyperammonemia) with a median
duration of 19 hours. The median length of PICU stay was 3.6 days (3 hours-35 days). Eight
patients died during the studied period (cerebral edema—2, massive hemorrhage—5, and
malignant arrhythmia—1). Acute decompensation was the main cause of admission in PICU in
these patients. The complexity of these diseases requires specialized human and technical
resources, with an important impact on the recovery and survival of these patients.
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Introduction

Inborn errors of metabolism (IEM) are an uncommon and widely
assorted group of inherited diseases in childhood. However,
these disorders are being increasingly identified, and are respon-
sible for significant morbidity and mortality in intensive care
units."”” IEM can present as acute metabolic emergencies that
require a significant amount of pediatric intensive care unit
(PICU)resources. Prompt and adequate intensive care supportive
management and specific metabolic crisis treatment play an
important role in improving outcomes.>>

From a physiological point of view, [EM diseases can be
classified in three major groups: the intoxication disorders
that results from defects in the intermediary metabolic
pathway with an accumulation of toxic compounds proximal
to the metabolic block manifested by metabolic crises (e.g.,
urea cycle disorders [UCDs], organic acidurias [OAs], and
aminoacidopathies); disorders of energy metabolism that
results from deficient energy production with compromised
involvement of the organs with higher energetic demand
such as the skeletal muscle, heart, and brain (e.g., fatty acid
oxidation disorders, mitochondrial cytopathies), and finally,
disorders of complex molecules that are due to the lack of an
enzyme that degrades the accumulating metabolite leading
to chronic and progressive symptoms with enlargement of
solid organs and dysmorphic features (e.g., lysosomal and
peroxisomal storage diseases).*

Because of the clinical, biochemical, genetic heterogene-
ity, and the increasing number of new disorders, updated
data on the occurrence of IEM is lacking. Characterization of
patients with IEM when admitted to PICU, the impact of
specific therapeutic interventions together with mortality
numbers, is all necessary to find out how to respond to these
patients with correct diagnostic and efficient therapeutic
modalities.>* An earlier recognition of IEM followed by early
and prompt therapeutic intervention®? has the potential to
reduce the mortality rate in children,? prevent progressive
neurologic damage, and reduce morbidity.%8-12

We report a retrospective analysis of pediatric patients
with a suspected or confirmed diagnosis of IEM who were
admitted over the past 10 years to a PICU at a metabolic
disorder referral university hospital. We intended to describe
the clinical profile and outcome of pediatric patients with
IEM admitted to a tertiary PICU.

Methods

This retrospective descriptive study was conducted from
January 1, 2009, to December 31, 2019, in a tertiary care
center at a metabolic disorder referral university hospital,
Centro Hospitalar Universitario Lisboa Norte, Lisbon,
Portugal.

Centro Hospitalar Universitario Lisboa Norte is the largest
center for management and treatment of inherited metabol-
ic disorders in Portugal, which has cared for more than 4,700
patients.10 Centro Hospitalar Universitario Lisboa Norte was
named Inherited Metabolic Disorders Portuguese Referral
Unit for the southern region and islands in 1984, and since

2016, it is a National Referral Center and member of the
European Reference Network for Hereditary Metabolic Dis-
orders (MetabERN). A global assistance, 24/7, is assured by
pediatric emergency department (with continuous and pri-
ority support of all specialties including neonatology, inten-
sive care, and access to specific techniques such as
mechanical ventilation, hemodynamic support, dialytic
techniques, and extracorporeal membrane oxygenation)
supported by highly specialized and qualified teams. Hospi-
tal pharmacy has the technical experience and specific
equipment for cofactors, scavengers, enzymatic therapy,
and orphan drugs management.10

The clinical charts of children and adolescents admitted to
the PICU with a diagnosis of IEM were reviewed, regardless of
whether the diagnosis was previously known or made during
the PICU stay. Diagnosis of IEM was based on biochemical,
molecular analysis, and newborn screening for inherited
metabolic disorders. In Portugal, newborn screening using
tandem mass spectrometry tests 24° treatable biochemical
disorders.

Charts with incomplete data were excluded. Data were
collected retrospectively from the PICU electronic registry.
Clinical parameters collected included the age at presenta-
tion, whether the disease was known at the time of admis-
sion, age at diagnosis, gender, consanguinity, relevant family
history, decompensation cause, clinical manifestations dur-
ing the presentation, treatment, and outcome in terms of
mortality or discharge. Decompensation management
details were collected, including substrate reduction specific
measures, cofactors supplementation, toxic metabolites re-
moval, and supportive measures. The pediatric patients were
categorized as intoxication disorders, disorders of energy
metabolism, and disorders of complex molecules.

Categorical data were expressed as number and numeri-
cal data as a median. Statistical analysis was performed in
Microsoft Excel 2013 and in IBM SPSS Statistics 25. We have
used chi-square nonparametric test to compare mortality
and the need of continuous venovenous hemodiafiltration
(CVVHDF) between the different types of IEM, and to com-
pare the length of stay, we have used Kruskal-Wallis’ H test.

Results

There was a total of 4,459 admissions in our PICU during the
study period; out of which, 88 admissions had IEM, repre-
senting 2%. These 88 admissions corresponded to 65 differ-
ent patients, 33/65 were male, 12/65 were born from
consanguineous marriage, and 10/65 had a positive family
history. Out of 65, 54 of the patients had been diagnosed
before PICU admission, 20 of which were diagnosed by
newborn screen. The median age at diagnosis was 3 months
(range: 3 days-9 years) and the median age at PICU admis-
sion was 3 years (range: 3 days-21 years).

The spectrum of IEM presenting in PICU was as follows
(~Tables 1 and 2): 23/65 patients with intoxication

2 http://www?2.insa.pt/sites/INSA/Portugues/DiagnosticoPrecoce/
Paginas/DoencasRastreadas.aspx
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Table 2 Classification of diagnosis (n = 65)

Metabolic Patients in a Portuguese PICU Lipari et al.

2

Positive
family history (n)

Consanguinity (n) Mortality

Intoxication MSUD

w

6/13 3/13 113

disorders

(n=23) Propionic aciduria

0

Methylmalonic aciduria

111

Glutaric aciduria type 1

0

OTC deficiency

11

Citrullinemia

0
0
0
0
0

11

3-Hydroxy-3-methylglutaric aciduria

o|]o|lo|lo|o| o

0

Disorders of energy | Mitochondrial cytopathy

1/5 1/5

metabolism

(n=21) PDH deficiency

1/4 0

MCAD deficiency

33 2/3

Glycogen storage disease 1A

13 13

Glycogen storage disease IV

o
o

Glutaric aciduria type 2

—
—_

Fumaric aciduria

LCHAD deficiency

CPT Il deficiency

Leigh’s syndrome

Disorders of MPS type VI

—_
—
—_
o|lo|lo|lOo|Oo|=,|O|OC|OC|O ]| O

o|lo|o| o

complex

molecules MPS type I

—_
—
w
—_
—
w

(n=17) MPS type |

—
w

Gaucher’s disease

Pompe’s disease

NCL 2

—
—_

Zellweger’s syndrome

Lipofuscinosis

Peroxisome disorder

Smith-Lemli-Opitz’s syndrome

Other diagnosis Menkes’ disease

—
—_

(n=4) Congenital lipodystrophy

[} Nl Hol Joll ol Holl Holl HNoll Ho ) K

Hyperammonemia without a diagnosis

Nf=]==m]=aa]l==NINwWwwWIN] =] m]ma]lmlw]lwlparla] === N=a] =
o|o|o|o|o|o|lo|~,|o|l]lo|lo|lo|lo|lo|o|lo|lo|o
o|lo|,|o|lo|o|lo|lo|lo|lo] o

NN

Abbreviations: CPT, carnitine palmitoyltransferase; LCHAD, long-chain L-3 hydroxyacyl-CoA dehydrogenase; MCAD, medium-chain acyl-coenzyme A
dehydrogenase; MPS, mucopolysaccharidosis; MSUD, maple syrup urine disease; NCL, neuronal ceroid lipofuscinosis; OTC, ornithine trans-

carbamylase; PDH, pyruvate dehydrogenase.

disorders, 21/65 with disorders of energy metabolism, 17/65
with disorders of complex molecules, and 4 with other
metabolic diseases (congenital lipodystrophy, Menkes’ dis-
ease, hyperammonemia without a diagnosis). There is also a
table (~Table 3) describing all fatalities.

The intoxication disorders (~Tables 1 and 4) accounted for
31 admissions, corresponded to 23 different patients. Almost
half (10/23) had been diagnosed in the neonatal period
(median age at diagnosis 6 days), 14/23 by newborn screen,
and 8 had no diagnosis before admission. Ten out of the 31
admissions were neonates. The median age at admission was
1.5 years (range: 3 days-12 months). The most frequent

Journal of Pediatric Intensive Care

clinical presentation on admission was coma (10/31). The
main causes of decompensation were infection (13/31) and
metabolic stress during the neonatal period (11/31). This was
the group with more mortalities, 4/23 (1 due to cerebral edema
and 3 due to massive hemorrhage, = Table 3), and with more
severe complications: 7/31 with neurological repercussions,
5/31 with neuroimaging abnormalities, and 5/31 with coagul-
opathy. Concerning supportive and specific treatments: 11/31
patients required respiratory support (invasive ventilation in
9), and 14 needed CVVHDE. This group of intoxication disor-
ders also showed the longest median of PICU stay, which was
2 days (range: 1-16 days).

Vol. 11 No. 3/2022 © 2020. Thieme. All rights reserved.
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The second most common IEM was the group of disorders
of energy metabolism (~Tables 1 and 4).” In our study, 2 of
the 21 patients were neonates and the median age at
diagnosis was 12 months (range: 6 days-3.5 years); 6/21
were diagnosed by newborn screen, 2/21 had no diagnosis
before admission. The median age at admission was 3 years
(range: 14 days-21 years). The most frequent clinical pre-
sentations were lethargy with severe dehydration (5/21),
respiratory failure (4/21), and coma (4/21), whereas the
main cause of decompensation was infection (11/21). Eight
were elective admissions after a scheduled surgery (gastro-
stomy feeding tube insertion [two], central venous catheter
insertion [one], ventriculoperitoneal shunt revision [one],
orthopaedic surgery [one], cholecystectomy [one], orchid-
opexy [one], and Nissen fundoplication [one]). Regarding
associated complications: two had seizures, two had coagul-
opathy, and three had cardiac abnormalities. Five patients
needed mechanical ventilation and one needed CVVHDF
(mitochondrial cytopathy with hyperammonemia). All of
them received highly concentrated dextrose intravenous
infusion. One mortality was recorded after elective gastro-
stomy feeding tube insertion due to malignant arrhythmia
and cardiac arrest in a glutaric aciduria type 2 patient
(=Table 3). The median length of PICU stay was 1 day (range:
1-19 days).

In the group of disorders of complex molecules (~Tables 1
and 4), consisted of 17 patients, there were no neonates, 2/17
had no diagnosis before admission, and the median age at
diagnosis was 21 months (range: 1 month-2.5 years). The
median age at admission was 3 years (range: 3.5 months-16
years). The most frequent clinical presentation on admission
was respiratory failure (12/17), 11 due to infection. Eight were
elective admissions after a scheduled surgery (gastrostomy
feeding tube insertion [three], central venous catheter inser-
tion [four], and ventriculoperitoneal shunt placement [one]).
Concerning repercussions in different organs, six had seizures,
two showed neuroimaging abnormalities, and seven had
cardiac abnormalities. Regarding organ support treatment,
11 pediatric patients needed mechanical ventilation. Two
patients died (=Table 2), both with mucopolysaccharidosis
types I and II, respectively, one concomitantly had a lympho-
proliferative syndrome after bone marrow transplant and died
from massive pulmonary hemorrhage. The second mortality
case was related to sepsis with severe thrombocytopenia and
alveolar hemorrhage after an elective gastrostomy feeding
tube insertion and Nissen fundoplication. The median length
of PICU stay was 1 day (range: 1-35 days).

Comparing statistically the three groups, mortality was
higher in the admitted patients with intoxication disorders
(four deceased patients with intoxication disorders vs. one
with disorders of energy metabolism vs. two with disorders
of complex molecules), p <0.0001. Patients with intoxica-
tion disorders needed CVVHDF more than the ones with
disorders of energy metabolism and disorders of complex
molecules (12 vs. 0 vs. 0), p < 0.0001. There was not statisti-
cally significant difference in hospitalization length of stay
between the different types of IEM (mean hospitalization
length of stay: intoxication disorders 4.6 days vs. disorders of

energy metabolism 3.4 days vs. complex molecules 4 days,
p=0.085).

Considering nutrition therapy, specific nutritional care
was performed and 80/88 of the patients received only
enteral nutrition. Parenteral nutrition (PN) was used in 8/
88 of the pediatric patients.

Regarding CVVHDF, 16 patients (12 with maple syrup urine
disease, 1 with hyperammonemia without defined etiology, 1
with methylmalonic aciduria and hyperammonemia, 1 with
citrullinemia, and 1 with mitochondrial cytopathy and hyper-
ammonemia) underwent 18 sessions, 11 in the newborn
period. The median duration of CVVHDF was 19 hours (5-
72 hours). Anticoagulation was performed with unfractio-
nated heparin (11) and citrate (7), and bleeding complications
were present in three sessions with heparin anticoagulation.
The median leucine and ammonia levels were, respectively,
1,675 umol/L (900-4,000 umol/L) and 1,834.4 umol/L (898-
4,758 umol/L) before and 400 pmol/L (30-505 umol/L) and 350
umol/L (29.9-1,000 umol/L) at the end of treatment. In 12
sessions, there was a good response to treatment with neuro-
logical improvement. Five patients died (~Table 2), three due
to bleeding complications related to the technique and the
underlying disease (citrullinemia and methylmalonic acidu-
ria); two due to disease progression with cerebral edema and
refractory intracranial hypertension.

Discussion

In this study, we report that, in a referral hospital in Portugal,
the incidence of IEM in the population of patients admitted
to our PICU was 2%, a figure quite similar to that previously
reported by Jouvet et al'> from Montreal, Canada (referral
center for metabolic disorders) and higher than the figure
reported by Sivaraman et al' from South India (accredited
level IIl referral PICU) and by Ruttimann et al'* from 16
different PICUs in the United States, where IEM constituted in
both < 1% of admissions. We also report that the most
common type of IEM is intoxication disorders, and overall
mortality was 12% (8/65). As in our results, in the studies by
Sivaraman et al' and Kamate et al, intoxication disorders
were also the most common group of IEM present as a
metabolic crisis. Additionally, the median length of PICU
stay in our study was similar to that described in the
literature, >35> but the mortality in our study was lower
(20/70'3-7/11" vs. 8/65). Lower mortality is probably due to
the higher percentage of diagnosis by newborn screen in our
study, when compared with other geographic locations
where newborn screen does not exist or includes fewer
diseases.”>'> In our study, an important percentage of
pediatric patients was diagnosed with newborn screen.
Only one with severe hyperammonemia died without a
conclusive diagnosis. When a child with undiagnosed IEM
dies, the postmortem findings are crucial to the diagnosis of
an IEM.'® So, it is important to consider IEM in advance, to
collect DNA and skin and/or hepatic biopsies for accurate
diagnoses in the future genetic counseling for parents. It is
consistent in the literature that aggressive and immediate
management is essential in these disorders."-
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Related to our specific results, about the age at PICU
admission, exceptionally, there was included one single
patient with more than 17 years and 364 days (21 years
old) due to his long follow-up in the pediatric department of
this hospital with very poor weight and height (<third
percentile). Regarding the intoxication disorder group, the
usual clinical presentation is a metabolic crisis and that could
be one of the reasons for being the most common disorder
requiring PICU assistance.”? In our study, newborn screen
played a major role in the early identification of these
patients. The neonatal period might be considered the front
line of the clinical manifestations because, before delivery,
the neonate has the advantage of maternal support via the
placenta to clear certain metabolites along with reduced
change through many pathways.'” Central nervous system
was the main and severely affected organ, with a high
incidence of coma in this group. Apart from being the group
with the most severe clinical spectrum and with the highest
mortality, it was the group with the highest need for sup-
portive and specific treatments. We can conclude that for
those disorders associated with acute metabolic toxicity,
such as OAs and UCDs, extracorporeal procedures to remove
toxins are necessary when less invasive methods prove
insufficient.*'8 In our study, 16 patients needed CVVHDF
(14 with intoxication disorders), for reduction of neurotoxic
metabolites, as quickly as possible (ammonia and leucine) in
metabolic decompensations, to prevent irreversible brain
damage. Indeed, we noted a rapid decrease of neurotoxic
metabolites with clinical improvement (12/18 sessions),
decisive for the suspension of the technique. Like any extra-
corporeal technique, CVVHDF includes a major risk of bleed-
ing, which was the cause of mortality in three of the patients.
It is important to highlight that, after the introduction of
citrate as preferred anticoagulation, there was a reduction in
bleeding complications. Citrate seems safer because it pro-
vides only regional anticoagulation of the circuit, while
heparin causes systemic anticoagulation, with increased
risk of bleeding. On the contrary, considering the number
of filters used, jugular vein access allowed longer filter life
and less technical interruptions. Additionally, with the help
of a bedside ultrasound device, the safety and ease of
insertion of the internal jugular line has increased, making
the technique safer and more effective. In our hospital,
CVVHDF is available only in PICU, so neonatal patients
who need this technique are transferred from the neonatal
intensive care unit to our PICU. Analyzing our results, and
according to the literature, it is obvious that these patients
suffered from a more severe spectrum within the IEM, with
longer PICU stay.

In the group of disorders of energy metabolism, metabolic
decompensation may be provoked by poor caloric intake,
emesis, prolonged fasting, and intercurrent illness/infection.’
However, frequent critical metabolic decompensations and
neonatal presentations were not as frequent as in the first
group. Additionally, the group of intoxication disorders was
diagnosed earlier than the disorders of energy metabolism, with
a median age at diagnosis of 6 days versus 12 months. The
median length of PICU stay was shorter than in the first group.

Metabolic Patients in a Portuguese PICU Lipari et al.

These patients needed less aggressive organ support. Besides
the involvement of central nervous system, heart is also a major
target organ in these diseases. In fact, it should be noted that,
although this is a heterogeneous group of metabolic disorders,
any patient with a disorder of energy metabolism is at risk of
sudden death if not treated promptly.

In the third group—disorders of complex molecules—
clinical manifestations are cumulative, independent of ex-
ternal events, and are not related to diet.'® Due to the
cumulative nature, repercussions in different and multiple
organs are expected. Less aggressive organ support treat-
ment was used in the management of these patients. How-
ever, the mortality of two patients in this group shows the
need for specific care and close clinical monitoring, despite
rare decompensations.

Regarding nutritional support, in our study, almost all
patients underwent specific nutritional care. Critically ill
patients have a high risk of malnutrition because of stress-
induced changes in intermediary metabolism. These facts
result in an amplified basal metabolic percentage and severe
protein catabolism.'® Nutrition care studies have proposed
that timely nutritional intervention can prevent or minimize
the complications of malnutrition.'®2? Although the consen-
sus is that nutrition therapy is essential in the care of
critically ill patients, especially during the acute phase of
stress, its implementation remains the major challenge in
IEM due to dietary specificities that vary depending on the
disease. It is important to highlight the challenges that exist
in adapting PN, considering the nutritional requirement of
each of these diseases.

While it is true that our hospital is a referral center for
metabolic disorders, which may have contributed to an
increase in the number of patients with inherited metabolic
disorders admitted to our PICU, there is almost no informa-
tion available on the exact incidence of inherited metabolic
disorders in national PICUs. A large national multicentric
approach would be necessary to obtain precise knowledge.

Conclusion

Clinical presentation of acute decompensations of IEM is
generally multisystemic and unspecific. It is crucial for IEM,
to be identified and treated in the early phase of decompen-
sation, especially in the intoxication disorders. The disorders
of energy metabolism are a heterogeneous group of meta-
bolic disorders, in which it is important to pay attention to
complications such as neurological deterioration in situa-
tions such as illness and perioperative period. In the group of
disorders of complex molecules, metabolic decompensations
are rare, but we must consider the associated comorbidities
in “stress periods,” like after surgery. We believe that the
concentration of patients in a major center, where highly
specialized human and technical resources are available 24/7
for their treatment, contributed to the high survival rate. But
we also believe that multidisciplinary approach and retro-
spective review of bad outcome cases lead to innovation in
therapies and techniques, which meant major achievements
in the management of these patients.
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What Is New in This Study?

We present the largest Portuguese series of pediatric
patients with IEM admitted to a tertiary PICU.

Newborn screen allows the possibility of prompt treat-
ment for many diseases that otherwise are characterized
by severe morbidity and high risk of fatality.

Good intensive care supportive management and specific
metabolic crisis treatment play an important role in
improving the outcomes of these patients.

The concentration of highly specialized human and tech-
nical resources in the treatment of patients with IEM
contributed to a high survival rate.
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