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Abstract: Partial deletion of the long arm (q) in chromosome 21 is an extremely rare condition with
various phenotypes, including microcephaly, neurodevelopmental delay, dysmorphic features, and
epileptic seizures. Neonatal hypoxic-ischemic encephalopathy (HIE) is an encephalopathy associated
with a hypoxic-ischemic event in the brain where seizures usually occur in the earliest days of life.
Neonatal encephalopathy is a distinct entity resulting from metabolic disorders, congenital infections
or genetic abnormalities that could often mimic HIE features, leading to a misdiagnosis of HIE. Here,
we present a case of a newborn who was initially misdiagnosed with HIE due to HIE-like features,
and eventually was diagnosed to have a de novo ring chromosome 21 with 21q microdeletion.
Clinical findings, including severe hypotonia with respiratory/feeding difficulties and intractable
seizures, and radiologic findings of ischemic encephalopathy were discovered. Subsequent atypical
findings of the clinical presentation ultimately led to her undergoing genetic testing confirming that
she had a neonatal encephalopathy with a genetic abnormality. Our case highlights the importance
of identifying non-HI neonatal encephalopathy by careful and structured evaluation for current
history with a clinical course and a multidisciplinary approach including genetic testing, to provide
an accurate diagnosis, treat curable inherited disorders, and develop future genetic counseling.

Keywords: 21q deletion; hypoxic-ischemic encephalopathy; ring chromosome; microdeletion; refrac-
tory seizure

1. Introduction

Partial deletion of the long arm (q) in chromosome 21 is an infrequent chromosome
abnormality that occurs in less than one per million births. Most cases of 21q deletions are
attributed to chromosomal abnormalities. Roberson et al. [1] found that the majority of the
cases of chromosome 21q deletion were related to rearrangements including translocations,
deletions and duplications involving chromosomes other than 21. However, chromosome
21q deletion in the current study occurred during the formation of ring chromosome 21.
Clinical manifestations such as short stature, microcephaly, neurodevelopmental delay, dys-
morphic features, skeletal and cardiac defects, and epileptic seizures have been commonly
observed in chromosome 21q deletion [1,2]. Malformation of the brain (dysplasia of corpus
callosum and holoprosencephaly), the most severe phenotype, has also been reported, but
less frequently [3].

Neonatal hypoxic-ischemic encephalopathy (HIE) is a specific diagnosis occurring
worldwide and applies only if an encephalopathy is associated with decreased oxygena-
tion or reduced blood flow to the brain resulting in a hypoxic-ischemic event [4,5]. Early
assessment using a combination of clinical variables, including neurologic status, labo-
ratory values, and neuroimaging, plays a critical role in promptly initiating therapeutic
hypothermia to mitigate the secondary brain injury caused by the hypoxic event. HIE is

Children 2023, 10, 1461. https://doi.org/10.3390/children10091461 https://www.mdpi.com/journal/children

https://doi.org/10.3390/children10091461
https://doi.org/10.3390/children10091461
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/children
https://www.mdpi.com
https://orcid.org/0000-0002-9942-4609
https://doi.org/10.3390/children10091461
https://www.mdpi.com/journal/children
https://www.mdpi.com/article/10.3390/children10091461?type=check_update&version=1


Children 2023, 10, 1461 2 of 7

one of the well-known leading causes of brain injury that might cause neonatal seizures or
encephalopathy during the earliest days of life [6]. Seizures usually occur in approximately
40 to 60% of the infants with HIE [5] within the first 1–2 days of birth and then subside after
a few days as the condition improves. However, seizures might be clustered/prolonged or
recur for weeks or years in some severe cases.

Recent technological advances in genomics have shown that neonatal-onset seizures
are not only associated with HIE, but also with neonatal encephalopathy, a distinct entity [7].
Neonatal encephalopathy could be broadly defined as a disturbed neurologic function
manifesting in disturbance of consciousness, decreased spontaneous activity, abnormal tone,
respiratory depression, impaired feeding, epileptic seizures, and abnormal reflexes together
with abnormal brain imaging study or/and EEG [8]. However, neonatal encephalopathy
due to other etiologies presenting HIE-like features could easily mask a diagnosis of HIE.

Herein, we present a rare case of a newborn who was initially under suspicion of HIE
until subsequent clinical findings led to a final diagnosis of ring chromosome 21 associated
with 21q microdeletion.

2. Case Description

A 40+1-week gestation female baby was born via normal vaginal delivery at a local
obstetric clinic. Birth weight was 3300 g (50th centile), length 52 cm (50th centile), and head
circumference 35 cm (10–50th centile). The mother was 32 years old with parity of 1-0-0-1
and uneventful prenatal conditions. At birth, the baby was thickly meconium-stained but
vigorous, resulting in Apgar scores of 9 at 1 min, then 10 at both 5 and 10 min.

At 3 h of life, she was transferred to our neonatal intensive care unit (NICU) due to
grunting, tachypnea, and swirling movements of her arms. Upon clinical examination
on arrival, she presented increasing respiratory distress with desaturation requiring a
humidified high-flow nasal cannula. There were no dysmorphic features or other bony de-
formities. She was mildly hypotonic, irritable, and difficult to comfort, but had no problems
in other neurologic examinations including primitive reflexes. The amplitude-integrated
electroencephalogram (aEEG) showed a continuous pattern without electrographic seizure
waves. However, she subsequently developed a generalized tonic seizure a few hours
from admission and required ventilator support. As the aEEG presented typical status
epilepticus waveforms, she was investigated and initially managed under the suspicion of
HIE. Blood tests, including arterial blood gas, glucose, electrolyte levels, and screening for
metabolic disorders such as ammonia and lactate, were unremarkable. Other examinations
including chest X-ray, echocardiography, and urine analysis were all normal.

According to the neonatal status epilepticus treatment, anti-seizure medication (ASM)
was administrated without any delay. Although two consecutive loading doses of phe-
nobarbital, levetiracetam as well as fosphenytoin, and additional continuous infusion of
midazolam were subsequently administered intravenously, her seizures were difficult
to control. The brain magnetic resonance imaging (MRI) performed on day 3 revealed
multifocal hypoxic-ischemic lesions in both putamen and thalami, as well as in the right
occipital and left frontal subcortical white matter (Figure 1). The initial bedside electroen-
cephalogram (EEG) performed on day 4 showed a prolonged interval of absent cortical
activity and frequent multifocal epileptiform discharges with interhemispheric asynchrony.
A repeat EEG on day 7 showed a worsening background activity with two episodes of
electrographic seizures. Both clinical and electrographic seizures remained despite addi-
tional multiple ASM regimens. Neither the cerebral spinal tap nor the follow-up brain
MRI revealed particular findings likely responsible for the uncontrolled seizures. Although
the frequency of myoclonic movements was reduced after starting valproic acid and topi-
ramate, electrographic seizures were still found on a follow-up EEG, so clonazepam and
pyridoxine were added. Apart from continued bedside physiotherapy and occupational
therapy, severe generalized hypotonia and poor sucking/swallowing eventually led to
feeding and respiratory problems. Short-repeated epileptic seizures remained regardless of
multiple combinations of ASMs, resulting in intractable seizures. Her seizure frequency
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became responsive to medications over time, but not completely resolved. The current
regimen includes valproic acid and clonazepam.

Children 2023, 10, x FOR PEER REVIEW 3 of 7 
 

 

and occupational therapy, severe generalized hypotonia and poor sucking/swallowing 

eventually led to feeding and respiratory problems. Short-repeated epileptic seizures re-

mained regardless of multiple combinations of ASMs, resulting in intractable seizures. 

Her seizure frequency became responsive to medications over time, but not completely 

resolved. The current regimen includes valproic acid and clonazepam. 

 

Figure 1. Brain MRI T1-weighted axial images on day 3 showing multifocal hypoxic-ischemic lesions 

in both putamen and thalami (blue arrows), right occipital (red arrow) and left frontal (yellow ar-

row) subcortical white matter. 

Since the clinicians deemed that she deviated from the typical clinical course of HIE, 

genetic evaluation was performed with the parents’ informed consent. Conventional cy-

togenetic investigations on lymphocytes from her peripheral blood revealed ring chromo-

some 21, resulting in a karyotype of 46,XX,r(21) (Figure 2A). Further array-based compar-

ative genomic hybridization (aCGH) was conducted to detect the size and location of ge-

netic deletion/gains which are often accompanied by chromosomal aberration. She was 

finally confirmed as having ring chromosome 21 with a 5.4 Mb length of deletion at the 

21q22.3 (42622651_48056450) region (Figure 2B). There was no abnormality in her parents’ 

genetic testing, confirming a de novo chromosome 21q deletion.  

 

Figure 2. A ring chromosome 21 (A, red arrow) with a 5.4 Mb microdeletion (B) identified on chro-

mosome analysis and microarray, respectively. 

Figure 1. Brain MRI T1-weighted axial images on day 3 showing multifocal hypoxic-ischemic lesions
in both putamen and thalami (blue arrows), right occipital (red arrow) and left frontal (yellow arrow)
subcortical white matter.

Since the clinicians deemed that she deviated from the typical clinical course of HIE,
genetic evaluation was performed with the parents’ informed consent. Conventional cyto-
genetic investigations on lymphocytes from her peripheral blood revealed ring chromosome
21, resulting in a karyotype of 46,XX,r(21) (Figure 2A). Further array-based comparative
genomic hybridization (aCGH) was conducted to detect the size and location of genetic
deletion/gains which are often accompanied by chromosomal aberration. She was finally
confirmed as having ring chromosome 21 with a 5.4 Mb length of deletion at the 21q22.3
(42622651_48056450) region (Figure 2B). There was no abnormality in her parents’ genetic
testing, confirming a de novo chromosome 21q deletion.
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Figure 2. A ring chromosome 21 (A, red arrow) with a 5.4 Mb microdeletion (B) identified on
chromosome analysis and microarray, respectively.

With the parents’ consent, she was discharged from the NICU with the assistance of
an orogastric tube on day 56. At 10 months, she still required multiple ASMs and an oro-
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gastric tube for feeding as well as physiotherapy/occupational therapy at the rehabilitative
medicine department due to severe hypotonia.

3. Discussion

Ring chromosome 21, first described by Lejeune in 1964 [9], is a chromosome aberra-
tion resulting from breakage and reunion at the breakpoints on the long and short arms
of chromosome 21 to form a ring, resulting in the deletion of a variable amount of chro-
mosomal segments distal to the breakpoints. Previous studies have reported that patients
with ring chromosome 21 present with inconsistent phenotypes [9,10]. Its phenotype has a
diverse range from almost asymptomatic to severe depending on the amount of missing
genetic material in the critical region at the two ends of chromosome 21. Typical phenotypes
identified in children with ring chromosome 21 include distinctive dysmorphic features,
congenital anomalies, and cognitive impairment. Other phenotypes, such as microcephaly,
growth retardation, heart defects, cleft lip/palate, and hematologic disorders including
thrombocytopenia, have also been reported [1,10–13].

Chromosomal aberrations frequently identified in relation with epilepsy were involved
with ring chromosomes 14, 17 and 20 [14]. However, only a few cases of ring chromosome
21 accompanied with epilepsy as well as poor description of EEG findings have been
reported until now. Seizure types, including both focal and generalized onset and multifocal
or generalized slow epileptiform abnormalities on EEG, have previously been described
in the literatures [11,13,15–19]. Given that some cases representing seizures/epilepsy
in ring chromosome 21 were associated with loss of 21q genetic materials [15,16], we
deemed that these deleted portions could harbor potential candidate epilepsy genes. We
hypothesize that these genes or genes with unclear function have been primarily responsible
for the refractory seizures in the current case. Specchio et al. [16] discussed a boy with
46,XY,r(21)(p13q22.3)/45,XY,-21 karyotype and the phenotype of epilepsy, intellectual
disability, and mild dysmorphic features similar to our case. This also supports potential
pathogenic epileptic genes associated with chromosome 21 might be located in region 3,
near to the telomere in the long arm. Among the genes located in 21q22.3, a variant in
SIK1 was rated as an important factor related with epileptic encephalopathy, and it was
demonstrated in an in vitro neuronal model that the SIK1 mutation resulted in synaptic
dysregulations and reduced neurites causing epilepsy in some cases [20]. Simsek-Kiper
et al. identified pathogenic variants in subunits of collagen VI (COL6A1, COL6A2 and
COL6A3) involving the deletion in region 3, especially 21q22.3, which subsequently led
to marked muscle weakness as well as cardiac anomaly, global developmental delay
and mild dysmorphic features in a boy diagnosed with collagen VI-related muscular
dystrophies [21]. Since the boy was also confirmed as having ring chromosome 21, marked
muscle weakness which is consistent with severe hypotonic manifestation in our case
implies that heterogenous phenotypes of 21q deletion not only depend on the deleted region
(21q22.3) but they are also affected by concordant chromosomal anomalies. Partial deletion
in 21q22.2–22.3 has been reported to disturb cortical development resulting in structural
brain malformations, including hypoplasia of the corpus callosum, polymicrogyria, and
cerebellar hypoplasia [3]. Even though our case had some overlapped genes contributing
to brain morphological changes, no such structural brain malformation was confirmed by
brain MRI except hypoxic ischemic lesions. This difference could be explained by multiple
“unknown” genes mapped in this region regulating brain development. Moreover, Ehiling
et al. demonstrated the variability in morphogenetics with genetic mutations supporting the
various phenotypes in similar deletions in the same region [22]. Overall, the heterogeneity
of 21q deletion attributed to the region and extent of deletion, presence of concordant
chromosomal abnormalities as well as unrecognized epistatic factors indicating further
advances on genetic testing in specific deletion regions, could offer an opportunity to
identify potential genes and allow early therapies and interventions.

Neonates manifesting neurological abnormalities at or shortly after birth could easily
lead to misdiagnosis as HIE. The underlying etiologies of non-HI neonatal encephalopa-
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thy include genetic abnormalities, metabolic disorders, vascular lesions (e.g., stroke), and
congenital/early-onset infection [23]. Previous studies demonstrated that the pathogenic
genetic variants contributing to neonatal encephalopathy have been accounted for between
10 and 40% [8,24]. It is important to distinguish non-HI neonatal encephalopathy from
HIE in terms of the treatable inherited genetic disorder. Apart from refractory seizures,
genetic abnormalities should be considered in newborns with encephalopathy presenting
dysmorphic features, multiorgan dysfunction, severe hypoglycemia, and unexplained
respiratory insufficiency [24]. Although there were no dysmorphic features suggesting
particular syndromes in our case, the absence of anoxic events at birth, ASM-resistant
seizures, and ensuing neuromuscular features such as hypotonia prompted us to perform
a genetic evaluation in search of other underlying etiologies contributing to the atypical
clinical course. We cannot explain these phenotypes by specific genes since the relation-
ship between genotype and phenotype is still not well described in the 21q22.3 region.
However, numerous pathogenic genetic conditions have been reported to be linked to
HIE-like features as well as having increased susceptibility to hypoxic injury [8,25], such as
genetic syndrome (e.g., Prader–Willi syndrome), inhered metabolic disorders, and genetic
epileptic encephalopathies (SIK1 gene) [25]. The neuropathogenesis of non-HI neonatal
encephalopathy is also unclear. HIE-like manifestations could be explained by the in-
creased susceptibility toward hypoxic brain injury. Genetic abnormalities associated with
the activation of cytokines, increased neuroinflammation, mitochondrial dysfunction, and
activation of neuronal apoptosis [26] have been reported to be predisposing conditions
toward brain hypoxia, irrespective of obvious hypoxic insults.

Overall, non-HI neonatal encephalopathy resulting from a genetic cause could be
easily overlooked and often lead to diagnostic confusion because of subtle differences in its
clinical presentation [23]. Our case highlights the importance of distinguishing HIE from
non-HI neonatal encephalopathies by carefully considering the current history and their
clinical course to determine appropriate standardized care such as therapeutic hypothermia.
Even with a high index of suspicion of HIE, newborns with dysmorphic features, neonatal
seizures, neuromuscular features or MRI findings of non-typical HIE should undergo
genetic testing to identify a treatable inherited disorder. Likewise, in the case of neonates
having clinical signs similar to HIE without obvious hypoxic insult in the perinatal period,
we should delve further into possible secondary causes. Moreover, given the rarity of this
chromosomal abnormality, more studies are needed to clarify certain genotype–phenotype
correlations and minimize the candidate regions to provide the basis for precision diagnosis,
gene-targeted therapy, and future genetic counseling.

In conclusion, we present a newborn with de novo 21q deletion in ring chromosome 21
who initially manifested HIE-like variables that could easily lead to misdiagnosis. This case
contributes to the further clinical recognition of this rare 21q deletion in ring chromosome
21 as well as emphasizing the importance of multidisciplinary approach and clinical
follow-up to disclose other underlying etiologies causing non-HI neonatal encephalopathy.
Furthermore, advanced technology in investigating genomics such as bridging clinical
phenotype–genotype in chromosome 21 and identifying putative pathogenic genes in the
21q region is expected to play a critical role in the near future.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical approval was given exemption by the institutional
review board without the patient’s informed consent, because this was a case report of a retrospective
study. This study was approved by the Institutional Review Board (IRB) of the Catholic University of
Korea, Seoul St Mary’s Hospital (IRB No. KC19ZESI0651).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author. The data are not publicly available due to privacy restrictions.



Children 2023, 10, 1461 6 of 7

Acknowledgments: The author is grateful to the College of Medicine of The Catholic University of
Korea for their assistance in performing the present study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Roberson, E.D.; Wohler, E.S.; Hoover-Fong, J.E.; Lisi, E.; Stevens, E.L.; Thomas, G.H.; Leonard, J.; Hamosh, A.; Pevsner, J. Genomic

analysis of partial 21q monosomies with variable phenotypes. Eur. J. Hum. Genet. 2011, 19, 235–238. [CrossRef] [PubMed]
2. Burmeister, M.; Kim, S.; Price, E.R.; de Lange, T.; Tantravahi, U.; Myers, R.M.; Cox, D.R. A map of the distal region of the long

arm of human chromosome 21 constructed by radiation hybrid mapping and pulsed-field gel electrophoresis. Genomics 1991, 9,
19–30. [CrossRef] [PubMed]

3. Yao, G.; Chen, X.N.; Flores-Sarnat, L.; Barlow, G.M.; Palka, G.; Moeschler, J.B.; McGillivray, B.; Morse, R.P.; Korenberg, J.R.
Deletion of chromosome 21 disturbs human brain morphogenesis. Genet. Med. 2006, 8, 1–7. [CrossRef] [PubMed]

4. Ronen, G.M.; Penney, S.; Andrews, W. The epidemiology of clinical neonatal seizures in Newfoundland: A population-based
study. J. Pediatr. 1999, 134, 71–75. [CrossRef]

5. Thayyil, S.; Montaldo, P.; Krishnan, V.; Ivain, P.; Pant, S.; Lally, P.J.; Bandiya, P.; Benkappa, N.; Kamalaratnam, C.N.; Chandramo-
han, R.; et al. Whole-Body Hypothermia, Cerebral Magnetic Resonance Biomarkers, and Outcomes in Neonates with Moderate or
Severe Hypoxic-Ischemic Encephalopathy Born at Tertiary Care Centers vs Other Facilities: A Nested Study within a Randomized
Clinical Trial. JAMA Netw. Open 2023, 6, e2312152. [CrossRef]

6. Tekgul, H.; Gauvreau, K.; Soul, J.; Murphy, L.; Robertson, R.; Stewart, J.; Volpe, J.; Bourgeois, B.; du Plessis, A.J. The current
etiologic profile and neurodevelopmental outcome of seizures in term newborn infants. Pediatrics 2006, 117, 1270–1280. [CrossRef]

7. Douglas-Escobar, M.; Weiss, M.D. Hypoxic-Ischemic Encephalopathy: A Review for the Clinician. JAMA Pediatr. 2015, 169,
397–403. [CrossRef] [PubMed]

8. Yang, L.; Chen, X.; Liu, X.; Dong, X.; Ye, C.; Deng, D.; Lu, Y.; Lin, Y.; Zhou, W. Clinical features and underlying genetic causes in
neonatal encephalopathy: A large cohort study. Clin. Genet. 2020, 98, 365–373. [CrossRef] [PubMed]

9. Lejeune, J. The 21 Trisomy—Current Stage of Chromosomal Research. Prog. Med. Genet. 1964, 23, 144–177.
10. Lindstrand, A.; Malmgren, H.; Sahlen, S.; Schoumans, J.; Nordgren, A.; Ergander, U.; Holm, E.; Anderlid, B.M.; Blennow, E.

Detailed molecular and clinical characterization of three patients with 21q deletions. Clin. Genet. 2010, 77, 145–154. [CrossRef]
11. Aronson, D.C.; Jansweijer, M.C.; Hoovers, J.M.; Barth, P.G. A male infant with holoprosencephaly, associated with ring chromo-

some 21. Clin. Genet. 1987, 31, 48–52. [CrossRef]
12. Chen, C.P.; Lin, Y.H.; Chou, S.Y.; Su, Y.N.; Chern, S.R.; Chen, Y.T.; Town, D.D.; Chen, W.L.; Wang, W. Mosaic ring chromosome 21,

monosomy 21, and isodicentric ring chromosome 21: Prenatal diagnosis, molecular cytogenetic characterization, and association
with 2-Mb deletion of 21q21.1-q21.2 and 5-Mb deletion of 21q22.3. Taiwan J. Obstet. Gynecol. 2012, 51, 71–76. [CrossRef] [PubMed]

13. Schmid, W.; Tenconi, R.; Baccichetti, C.; Caufin, D.; Schinzel, A. Ring chromosome 21 in phenotypically apparently normal
persons: Report of two families from Switzerland and Italy. Am. J. Med. Genet. 1983, 16, 323–329. [CrossRef] [PubMed]

14. Battaglia, A.; Guerrini, R. Chromosomal disorders associated with epilepsy. Epileptic Disord. 2005, 7, 181–192. [PubMed]
15. Pardal Fernandez, J.M.; Jerez Garcia, P.; Carrascosa Romero, M.C.; Marco Giner, J. Chromosome 21 ring (r21) and epilepsy. An.

Pediatr. (Barc) 2004, 60, 379–381.
16. Specchio, N.; Carotenuto, A.; Trivisano, M.; Cappelletti, S.; Digilio, C.; Capolino, R.; Di Capua, M.; Fusco, L.; Vigevano, F. Ring 21

chromosome presenting with epilepsy and intellectual disability: Clinical report and review of the literature. Am. J. Med. Genet.
Part A 2011, 155, 911–914. [CrossRef]

17. Kunze, J.; Doose, H.; Tolksdorf, M. A dysplasia-epilepsy syndrome in a patient with ring chromosome 21. Neuropadiatrie 1975, 6,
398–402. [CrossRef]

18. Palmer, C.G.; Hodes, M.E.; Reed, T.; Kojetin, J. Four new cases of ring 21 and 22 including familial transmission of ring 21. J. Med.
Genet. 1977, 14, 54–60. [CrossRef]

19. Serra, A.; Singh-Kahlon, D.P. 21 ring chromosome in a girl with stigmata of Down’s and G deletion I syndromes. Hum. Genet.
1976, 33, 47–53. [CrossRef]

20. Pröschel, C.; Hansen, J.N.; Ali, A.; Tuttle, E.; Lacagnina, M.; Buscaglia, G.; Halterman, M.W.; Paciorkowski, A.R. Epilepsy-causing
sequence variations in SIK1 disrupt synaptic activity response gene expression and affect neuronal morphology. Eur. J. Hum.
Genet. 2017, 25, 216–221. [CrossRef]

21. Simsek-Kiper, P.O.; Oguz, S.; Ergen, F.B.; Utine, G.E.; Alikasifoglu, M.; Haliloglu, G. A Revisited Diagnosis of Collagen VI
Related Muscular Dystrophy in a Patient with a Novel COL6A2 Variant and 21q22.3 Deletion. Neuropediatrics 2020, 51, 445–449.
[CrossRef] [PubMed]

22. Ehling, D.; Kennerknecht, I.; Junge, A.; Prager, B.; Exeler, R.; Behre, B.; Horst, J.; Schmitt-John, T.; Bartsch, O.; Wirth, J. Mild
phenotype in two unrelated patients with a partial deletion of 21q22.2-q22.3 defined by FISH and molecular studies. Am. J. Med.
Genet. A 2004, 131, 265–272. [CrossRef] [PubMed]

23. Chalak, L.; Ferriero, D.M.; Gressens, P.; Molloy, E.; Bearer, C. A 20 years conundrum of neonatal encephalopathy and hypoxic
ischemic encephalopathy: Are we closer to a consensus guideline? Pediatr. Res. 2019, 86, 548–549. [CrossRef]

https://doi.org/10.1038/ejhg.2010.150
https://www.ncbi.nlm.nih.gov/pubmed/20823914
https://doi.org/10.1016/0888-7543(91)90216-2
https://www.ncbi.nlm.nih.gov/pubmed/2004760
https://doi.org/10.1097/01.gim.0000195892.60506.3f
https://www.ncbi.nlm.nih.gov/pubmed/16418593
https://doi.org/10.1016/S0022-3476(99)70374-4
https://doi.org/10.1001/jamanetworkopen.2023.12152
https://doi.org/10.1542/peds.2005-1178
https://doi.org/10.1001/jamapediatrics.2014.3269
https://www.ncbi.nlm.nih.gov/pubmed/25685948
https://doi.org/10.1111/cge.13818
https://www.ncbi.nlm.nih.gov/pubmed/32712949
https://doi.org/10.1111/j.1399-0004.2009.01289.x
https://doi.org/10.1111/j.1399-0004.1987.tb02766.x
https://doi.org/10.1016/j.tjog.2012.01.014
https://www.ncbi.nlm.nih.gov/pubmed/22482972
https://doi.org/10.1002/ajmg.1320160305
https://www.ncbi.nlm.nih.gov/pubmed/6228144
https://www.ncbi.nlm.nih.gov/pubmed/16162426
https://doi.org/10.1002/ajmg.a.33899
https://doi.org/10.1055/s-0028-1091680
https://doi.org/10.1136/jmg.14.1.54
https://doi.org/10.1007/BF00447285
https://doi.org/10.1038/ejhg.2016.145
https://doi.org/10.1055/s-0040-1714125
https://www.ncbi.nlm.nih.gov/pubmed/32663882
https://doi.org/10.1002/ajmg.a.30361
https://www.ncbi.nlm.nih.gov/pubmed/15534873
https://doi.org/10.1038/s41390-019-0547-9


Children 2023, 10, 1461 7 of 7

24. Bruun, T.U.J.; DesRoches, C.L.; Wilson, D.; Chau, V.; Nakagawa, T.; Yamasaki, M.; Hasegawa, S.; Fukao, T.; Marshall, C.;
Mercimek-Andrews, S. Prospective cohort study for identification of underlying genetic causes in neonatal encephalopathy using
whole-exome sequencing. Genet. Med. 2018, 20, 486–494. [CrossRef] [PubMed]

25. Sandoval Karamian, A.G.; Mercimek-Andrews, S.; Mohammad, K.; Molloy, E.J.; Chang, T.; Chau, V.; Murray, D.M.; Wusthoff, C.J.;
Newborn Brain Society, G.; Publications, C. Neonatal encephalopathy: Etiologies other than hypoxic-ischemic encephalopathy.
Semin. Fetal Neonatal Med. 2021, 26, 101272. [CrossRef]

26. Allen, K.A.; Brandon, D.H. Hypoxic Ischemic Encephalopathy: Pathophysiology and Experimental Treatments. Newborn Infant
Nurs. Rev. 2011, 11, 125–133. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/gim.2017.129
https://www.ncbi.nlm.nih.gov/pubmed/28817111
https://doi.org/10.1016/j.siny.2021.101272
https://doi.org/10.1053/j.nainr.2011.07.004
https://www.ncbi.nlm.nih.gov/pubmed/21927583

	Introduction 
	Case Description 
	Discussion 
	References

