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A B S T R A C T   

Neonatal encephalopathy (NE) describes the clinical syndrome of a newborn with abnormal brain function that 
may result from a variety of etiologies. HIE should be distinguished from neonatal encephalopathy due to other 
causes using data gathered from the history, physical and neurological exam, and further investigations. Iden
tifying the underlying cause of encephalopathy has important treatment implications. This review outlines 
conditions that cause NE and may be mistaken for HIE, along with their distinguishing clinical features, path
ophysiology, investigations, and treatments. NE due to brain malformations, vascular causes, neuromuscular 
causes, genetic conditions, neurogenetic disorders and inborn errors of metabolism, central nervous system 
(CNS) and systemic infections, and toxic/metabolic disturbances are discussed.   

1. Introduction 

Encephalopathy in neonates is broadly defined as brain dysfunc
tion in a newborn manifesting as alteration in mental status and 
abnormal neurologic examination. Altered mental status (including 
irritability, decreased responsiveness, lethargy, or stupor), respiratory 
depression, abnormal tone and/or movements, abnormal reflexes, 

seizures, and impaired feeding may be present in varying degrees in an 
encephalopathic neonate [1]. Neonatal encephalopathy (NE) de
scribes a clinical syndrome without attributing a specific cause. NE 
may result from acute or chronic hypoxic-ischemic injury, brain 
malformations, vascular injuries (including stroke), inborn errors of 
metabolism, and other causes. Hypoxic-ischemic encephalopathy 
(HIE) is a specific diagnosis and applies only when a neonate has 
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encephalopathy that is known or highly suspected to be due to a 
hypoxic-ischemic event [1–3]. 

The term birth asphyxia, indicating impaired placental perfusion and 
gas exchange resulting in hypoxia, ischemia and acidosis, historically 
was used to describe HIE [2,4]. Current guidelines from the American 
College of Obstetricians and Gynecologists (ACOG) and endorsed by the 
American Academy of Pediatrics (AAP) use instead the term HIE, and 
suggest this specific diagnosis should be reserved for cases with clear 
evidence of an acute peripartum or intrapartum event [3]. Fetal and 
neonatal signs consistent with an acute peripartum or intrapartum event 
include: 1) Apgar scores less than 5 at 5 and 10 min, 2) cord or early 
neonatal acidemia with pH < 7.0 and/or base deficit ≥12 mmol/L, 3) 
pattern of brain injury on magnetic resonance imaging or spectroscopy 
consistent with hypoxia-ischemia, and 4) multisystem organ failure, 
including renal injury, hepatic injury, hematologic abnormalities, car
diac dysfunction, metabolic derangements and gastrointestinal injury. 
Additional factors consistent with an acute peripartum or intrapartum 
event include: 1) the presence of a sentinel event immediately before or 
during labor and delivery (uterine rupture, placental abruption, um
bilical cord prolapse, amniotic fluid embolus with associated severe 
maternal hypotension and hypoxemia, maternal cardiovascular 
collapse, fetal exsanguination from fetomaternal hemorrhage, vasa 
previa, or shoulder dystocia), 2) fetal heart rate abnormalities consistent 
with an acute peripartum or intrapartum event, and 3) no evidence of 
other contributing factors such as abnormal fetal growth, maternal 
infection, neonatal sepsis, or chronic placental lesions [3]. 

HIE may be distinguished from neonatal encephalopathy due to 

other causes using the history, physical and neurological exam, and 
investigations, as summarized in Table 1 [5,6]. Neonatal encephalopa
thy due to any cause may feature exam findings of depressed level of 
consciousness, decreased reactivity, decreased spontaneous activity, 
abnormal tone, poor suck and/or diminished primitive reflexes. An 
etiology other than HIE should be considered when the exam also re
veals congenital anomalies, microcephaly, contractures, spasticity, ab
sent deep tendon reflexes, hepatomegaly, or rash/stigmata of infection 
[7]. By contrast, isolated hypoglycemia may cause NE in the absence of 
HIE. Neuroimaging may reveal findings suggestive of a cause other than 
hypoxic-ischemic injury [6,8,9]. EEG may reveal neonatal seizures in NE 
due to any cause, but may also provide evidence of early infantile 
epileptic encephalopathy in some cases. Placental pathology can be 
helpful in providing evidence of a chronic process such as placental 
insufficiency, or more acute processes including chorioamnionitis or 
placental abruption [5]. 

It is important to note that encephalopathy can be acute or chronic. 
Subacute or remote in utero events may cause chronic encephalopathy 
that is recognized after birth. It may be difficult to distinguish whether 
encephalopathy is chronic or acute in the hours after delivery; subse
quent evolution of the condition is often informative. 

Furthermore, it is helpful to distinguish that meeting eligibility 
criteria for therapeutic hypothermia is not the same as confirming a 
diagnosis of HIE. Therapeutic hypothermia is the standard of care for 
suspected HIE; eligibility criteria for hypothermia are intentionally 
broad to include any neonate who might benefit, as the benefits of 
cooling for potential HIE outweigh the risks of treating a neonate who is 
subsequently discovered a different etiology for NE [10]. Thus, eligi
bility for or receipt of therapeutic hypothermia in the neonatal period 
does not confirm a diagnosis of HIE. Therapeutic hypothermia is rec
ommended for all neonates with encephalopathy who meet institutional 
eligibility criteria, even when the cause of NE is unknown in the first 
hours after birth. 

This review focuses on causes of NE that could potentially be 
confused for HIE. It does not include those conditions which cause en
cephalopathy, but have a presentation clearly distinct from that of HIE 
in a newborn. We summarized numerous causes as well as key features 
and investigations in Fig. 1. 

1.1. Vascular conditions 

Vascular malformations and injuries can present with acute findings 
similar to HIE, with potential distinguishing features outlined in Table 2. 
Differentiating cerebral vascular lesions from HIE is important as they 
may require immediate interventions other than therapeutic hypother
mia and may warrant further investigation for underlying risk factors 
[11,12]. 

The most common vascular injury mimicking HIE is arterial ischemic 
stroke (AIS); this diagnosis shares some overlapping risk factors and 
delivery room presentations with HIE [13,14]. Neonatal AIS and HIE can 
coexist in 4–6% of cases [15,16]. Unlike HIE, however, infants with AIS 
are less likely to have fetal heart tracing abnormalities, sentinel events, 
or perinatal acidosis. Other non-specific features, such as failure to 
progress or prolonged labor, may be seen in both. AIS presents most 
frequently in neonates not as immediate, severe encephalopathy, but 
rather as focal seizures several hours after birth, typically in the first or 
second day of life. Seizures may be apparent as mostly unilateral clonic 
motor jerks, but also may manifest as unexplained apnea in the setting of 
lethargy or mild encephalopathy. In AIS, EEG typically demonstrates 
asymmetry [15,17,18]. Management of AIS focuses on acute seizure 
control and later rehabilitation. 

Cerebral sinus venous thrombosis (CSVT) leading to hemorrhagic 
infarct and/or intraventricular hemorrhage (IVH) is another abnor
mality that can mimic HIE or occur in critically ill neonates with NE of 
any cause, typically with later onset of symptoms [19]. Infants with NE 
who present with refractory seizures, coagulopathy, or persistent 

Table 1 
Features distinguishing HIE from other causes of NE.   

Suggestive of HIE Suggestive of other NE 

History  - Sentinel event during labor or 
immediately before/during 
birth  

- Fetal heart rate abnormalities 
consistent with an acute event  

- Need for resuscitation at birth  
- Apgar <5 at 5 and 10 min  
- Encephalopathy evident 

immediately from birth  

- IUGR  
- Oligohydramnios or 

polyhydramnios  
- Maternal infection  
- Maternal medication or substance 

use  
- Family history of genetic 

disorders, neonatal illness, or 
seizures  

- Delayed onset of symptoms after 
birth 

Exam  - Abnormal Sarnat exam in 
isolation 

Abnormal Sarnat exam in 
association with:  
- Congenital anomalies  
- Microcephaly  
- Macrocephaly  
- Contractures  
- Spasticity  
- Absent deep tendon reflexes  
- Hepatosplenomegaly  
- Rashes/stigmata of infection 

Labs  - Cord pH or blood gas with 
acidosis (pH < 7.0)  

- Elevated lactate  
- Evidence of multisystem end- 

organ dysfunction (abnormal 
CK, BUN/Cr, LFTs)  

- Electrolyte derangements 
(hypoglycemia, 
hypermagnesemia)  

- Elevated WBC count, 
inflammatory markers  

- Positive urine or meconium 
toxicology screens  

- Hyperammonemia, hypouricemia 
Imaging  - HUS or MRI showing pattern 

of brain injury consistent with 
HIE  

- HUS or MRI with evidence of 
chronic injury (e.g., cystic 
changes, atrophy) soon after birth  

- HUS or MRI with other brain 
abnormality or injury (brain 
malformations, stroke, 
hemorrhage, meningitis/ 
encephalitis) 

Other 
studies  

- Acute/subacute placental 
lesions on placental 
pathology, with or without 
chronic changes  

- Chronic placental lesions on 
placental pathology  
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unexplained thrombocytopenia should be investigated for possible 
CSVT. Additional risk factors for CSVT include sepsis/infection and 
dehydration. MR venography is helpful to evaluate for CSVT [20]. Early 
transcranial color doppler ultrasonography is a reasonable bedside 
alternative in unstable infants to help evaluate for thrombosis in the 

major cerebral sinuses [21,22]. These diagnoses have unique treatment 
implications, as CSVT may require treatment with anticoagulation in the 
acute phase when there are no contraindications and there is ongoing 
risk of thrombosis or progression of the CSVT [23]. IVH may require 
monitoring for post hemorrhagic hydrocephalus. 

Fig. 1. Approach to the evaluation of the encephalopathic neonate, with key etiologies, clinical features, and investigations.  
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Hemorrhage may also develop in the absence of CSVT. Intracranial 
hemorrhages may result from specific genetic mutations (apoptosis- 
inducing factor mitochondrion-associated 1 (AIFM1) [24], collagen type 
IV alpha 1 and 2 chain (COL4A1 and COL4A2)[25,26]) or vascular 
malformations such as a vein of Galen malformation [27], arteriovenous 
malformation in neonates with hereditary hemorrhagic telangiectasia 
[28], or pial arteriovenous fistulae [29]. Some congenital syndromes 
such as Sturge-Weber syndrome may present with encephalopathy, 
intracranial hemorrhages, or refractory seizures, though imaging in
dicates the etiology in these cases [11,30]. 

Subgaleal hemorrhage is a life-threatening emergency which may 
require immediate intervention with fluid resuscitation and blood 
products [31]. Infants with a history of traumatic birth or 
vacuum/forceps-assisted delivery should be checked and monitored 
closely for the presence and/or progression of subgaleal hemorrhage 
[12]. 

1.2. Neuromuscular disorders 

Because much of the neonatal neurologic exam relies on tone and 
general movements, neuromuscular conditions presenting with hypo
tonia at or immediately after birth can be initially mistaken for HIE [3]. 
The characteristic signs of HIE, i.e., depressed mental status, hypotonia, 
abnormal posture, decreased or absent primitive reflexes, and apnea, are 
also common in many neonatal neuromuscular conditions. History and 
exam may indicate a neuromuscular disorder. Polyhydramnios (sug
gesting abnormal fetal suck and swallow), poor fetal growth, reduced or 
absent fetal movements, and/or joint contractures are clinical features 
often seen with congenital neuromuscular disorders rather than HIE 
[32]. Accurate assessment of encephalopathy, weakness, and tone in a 
newborn is difficult: at this age, movements are predominantly defined 
by brainstem and spinal cord reflexes and do not indicate full alertness 
or awareness. Conversely, the absence of movement does not necessarily 
indicate reduced consciousness, as in conditions where profound 
weakness prevents motor response. Clinical findings such as poor suck 
and/or swallow are non-specific and should be assessed in context of the 

overall exam. Muscle tone is most comprehensively assessed in 
active-awake, quiet-awake and sleep states, and should be placed in the 
context of the newborn’s gestational age. Typically, weakness in HIE is 
diffuse and symmetric, while facial or bulbar weakness related to 
dysfunction of the lower cranial nerves out of proportion to appendic
ular weakness is more suggestive of a neuromuscular etiology. For 
example, facial sparing weakness is typical of congenital spinal muscular 
atrophy; prominent facial-bulbar weakness and/or ophthalmoparesis 
may be seen with congenital myopathies or myasthenic syndromes [33]. 
Distal hypotonia or weakness out of proportion to the degree of en
cephalopathy on exam is suggestive of neuromuscular disorders. A 
common pitfall is that ptosis, prominent in Prader Willi, congenital 
myasthenic syndromes, and congenital myopathies, can give the 
appearance of encephalopathy because the eyes remain closed despite 
stimulation. Presence of reduced muscle bulk, spasticity, or joint con
tractures/arthrogryposis typically suggest a peripheral nervous system 
condition and are not signs of an acute peripartum or intrapartum event. 
Deep tendon reflexes are usually decreased or absent with neuromus
cular disorders, but also typically reduced immediately following acute 
brain injury before transitioning to hyperreflexia. Reduced or lack of 
spontaneous movements are non-specific as this can be associated with 
severity of encephalopathy rather than a neuromotor finding. 

Congenital muscular dystrophies with associated brain malforma
tions can present with mild to moderate encephalopathy in the neonatal 
period. Mild dysmorphic facial features including myopathic facies 
(elongated face, dolichocephaly, ptosis, tented mouth, high-arched 
palate) may be present in neuromuscular disorders. A hypophonic cry 
or tongue fasciculations can be seen with congenital myopathies or 
spinal muscular atrophy, respectively. Percussion myotonia, which is 
myotonia elicited by percussion of the thenar eminence or finger 
extensor muscles, may or may not be present in neonates with myotonic 
dystrophy, but is more easily elicited on exam of the mother [34,35]. 
Fluctuating weakness or fatigability may indicate a congenital myas
thenic syndrome. 

Serum studies, nerve conduction studies (NCS) and electromyog
raphy (EMG), muscle ultrasound, muscle biopsy, brain MRI and genetic 

Table 2 
Vascular causes of encephalopathy, compared to HIE.   

Perinatal 
risk factors 

Encephalopathy Associated 
hemodynamic 
instability 

Seizures/EEG background Brain imaging Management 

HIE Common Common within 
6 h of birth 

Common due to poor 
cardiac contractility 
and/or decreased 
vascular tone 

Seizures can start any time in 
the first 24 h after birth. EEG 
background with symmetric 
discontinuity and or 
suppression 

HIE brain injury patterns on 
MRI (bilateral watershed, white 
matter, or deep gray matter 
injury) 

TH, Seizure management, 
and multisystem support 

Arterial 
Ischemic 
Stroke 

Uncommon Uncommon 
within 6 h of birth 

Uncommon Commonly seizures start 1–2 
days after birth. EEG may 
show asymmetry with 
normal EEG background in 
the non-affected area 

Focal ischemia in an arterial 
distribution 

Seizure control 

Cerebral 
sinovenous 
thrombosis 
(CVST) 

Uncommon Common if 
symptomatic 

Uncommon Seizures can occur. EEG 
background can be normal, 
show excess vertex sharps, or 
may show asymmetric 
background 

May show IVH and/or 
intraparenchymal hemorrhage, 
hydrocephalus, thrombosis on 
MR venogram 

Seizure control, may 
require heparin therapy 

Cerebral 
vascular 
malformation 

Uncommon If rupture/ 
hemorrhage 
occurs 

Uncommon, except 
for vein of Galen 
malformation 

May present with seizures 
when close to the cortex or 
complicated with 
hemorrhage 

MRI shows the vascular 
malformation. Cranial 
ultrasound doppler is helpful to 
show flow turbulence through 
the malformation 

May require surgical or IR 
intervention 

Subgaleal 
Hemorrhage 

Common Uncommon in 
early stages 

May present with 
hypovolemic shock 

EEG amplitudes can be 
suppressed due to scalp 
edema and subgaleal 
hemorrhage at electrodes, 
with normal continuity of 
EEG background 

Usually no lesion unless 
secondary to hypovolemia 

Cardiovascular 
resuscitation: volume 
replacement with normal 
saline, FFP, and blood 
transfusion 

Abbreviations: HIE = Hypoxic Ischemic Encephalopathy, EEG = electroencephalogram, MRI = magnetic resonance imaging, IR = interventional radiology, TH =
therapeutic hypothermia, IVH = intraventricular hemorrhage, FFP = fresh frozen plasma. 
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testing can be useful tools to establish a precise neuromuscular diagnosis 
[32]. Selecting and prioritizing additional studies should be done in 
consultation with a pediatric neurologist or neuromuscular specialist. 
Elevated creatine kinase (CK) levels are seen with muscular dystrophies 
but are often normal or minimally elevated in congenital myopathies. A 
normal neonatal CK does not exclude a neuromuscular disorder, and CK 
may be elevated with HIE, especially in the first days of life. Brain MRI 
may be normal in neuromuscular conditions, or with mild non-specific 
findings. Absence of acute brain injury is typical. Some congenital 
muscular dystrophies include both muscle involvement and CNS mal
formations, such as dystroglycanopathies. Similarly, merosin deficiency 
may be accompanied by diffuse white matter abnormalities [36]. 
EMG/NCS can help localize symptoms to the nerve, muscle or neuro
muscular junction and are ideal for immune myopathies and congenital 
myasthenic syndromes. Muscle biopsies are less common as they are 
replaced with more rapid genetic testing, but are still useful in the 
diagnosis of immune myopathies, dystrophies (characterized by prom
inent degeneration-regeneration or fibrous fatty replacement), and 
congenital myopathy (characterized by small muscle fibers with central 
nuclei, nemaline rods, central cores or fiber type disproportions) [33]. 
Muscle ultrasound or MR imaging may provide enough information to 
direct genetic testing and potentially avoid muscle biopsy. 

In some countries, newborn screens may now test for Pompe, spinal 
muscular atrophy, or Duchenne muscular dystrophy given the avail
ability of enzyme and/or genetic therapies which require prompt initi
ation to maximize functional outcome [37]. The importance of rapid 
precise genetic diagnosis of newborns with neuromuscular disorders is 
rising as targeted enzyme treatments, gene therapies, and clinical trials 
become available. Of note, gene panels or whole exome/genome se
quences will not identify all neuromuscular disorders. Nucleotide repeat 
disorders, such as myotonic dystrophy type 1, require specific testing, 
such as PCR or Southern blot, for identification. 

1.3. Central nervous system malformations 

Malformations of the CNS are an uncommon cause of neonatal en
cephalopathy. Severe malformations of the brain are often diagnosed 
prenatally on ultrasound; yet it remains possible for the first suspicion to 
arise after birth. The cardinal clinical features include neonatal hypo
tonia, which may cause feeding or respiratory difficulties. With the ex
ceptions of congenital muscular dystrophies, CNS features dominate the 
clinical presentation. 

Tubulinopathies comprise a wide range of brain malformations caused 
by mutation of one of seven genes encoding different isotypes of tubulin. 
One of the pathognomonic MRI features is an unusual orientation of the 
basal ganglia, found in 75 % of cases [38,39]. It is suspected to result 
from abnormal axon guidance of the corticospinal tract through the 
internal capsule, leading the head of the caudate to protrude into the 
ventral horn of the ventricles (“hooked aspect” of the anterior horn). 
Other associated anomalies include partial or complete agenesis of the 
corpus callosum (40 %) and cortical dysgenesis (>60 %), such as lis
sencephaly, microlissencephaly or generalized polymicrogyria-like 
cortical dysplasia. 

Lissencephaly (or agyria) is a congenital disorder of cortical devel
opment wherein cerebral convolutions are absent, giving a smooth 
appearance to the cortex. Affected children with classic lissencephaly 
have profound developmental and cognitive delays, early and persisting 
hypotonia, opisthotonus, poor feeding, and seizures [40]. Lissencephaly 
can be associated with several genetic disorders; one of the most com
mon is Miller-Dieker syndrome, recognized clinically by its distinctive 
dysmorphic features. In Miller-Dieker syndrome, lissencephaly is always 
severe [41]. 

Holoprosencephaly is a malformation characterized by abnormal 
separation of the cerebral hemispheres or lobes, ranging from “alobar” 
to “lobar” forms, with “semi-lobar” an intermediate form [42]. In lobar 
or semi-lobar (incomplete) holoprosencephaly, the hemispheres are 

variably separated. As a result, the falx cerebri appears hypoplastic and 
the interhemispheric fissure is incomplete in frontal and occipital re
gions. Similarly, structures of the posterior fossa are variably developed. 
Midline craniofacial anomalies, such as hypotelorism or (less frequently) 
hypertelorism, nasal abnormalities (e.g., single nostril, choanal atresia, 
or arrhinia), thin lip with indistinct philtrum, cleft lip and/or palate, or 
micrognathia, can be seen. Most holoprosencephalic infants are hypo
tonic; spastic diplegia becomes evident later in life. Epilepsy and 
cognitive impairments are variable [43]. 

Joubert syndrome and related disorders are a group of ciliopathies 
sharing the “molar tooth sign”, which results from hypo-dysplasia of the 
cerebellar vermis, abnormally deep interpeduncular fossa at the level of 
the isthmus and upper pons, and horizontalized, thickened and elon
gated superior cerebellar peduncles [44,45]. Joubert syndrome and 
related disorders are clinically heterogeneous with variable multiorgan 
involvement (mainly the retina, kidneys, liver and skeleton). The most 
characteristic neonatal neurological features are hypotonia, often asso
ciated with altered respiratory pattern in the neonatal period [46]. 

The dystroglycanopathies are a heterogeneous group of autosomal 
recessive disorders characterized by hypoglycosylation of alpha- 
dystroglycan. The phenotype varies. Three conditions are known to be 
associated with congenital brain malformations, in addition to congen
ital muscular dystrophy. Walker-Warburg syndrome is the most severe 
form. Brain abnormalities include complete severe cobblestone lissen
cephaly (type 2), marked hydrocephalus, dysplastic cerebellum, kinking 
of the brainstem at the pontomesencephalic junction, and complete or 
partial callosal dysgenesis. Eye abnormalities include congenital cata
racts, microphthalmia, and buphthalmos. Motor development is mini
mal or absent, and death before 1 year of age is usual [47]. 
Muscle-eye-brain disease was originally reported in the Finnish popula
tion. Affected neonates present with hypotonia and poor visual alert
ness. On MRI, pachygyria and polymicrogyria can be seen. Other 
anomalies include cerebellar and brain stem abnormalities. Structural 
eye abnormalities may include congenital glaucoma, progressive 
myopia, retinal atrophy, and juvenile cataracts [47]. Fukuyama 
congenital muscular dystrophy is mainly seen in Japan, due to the pres
ence of a FKTN founder mutation. Structural brain involvement includes 
cobblestone lissencephaly, white matter abnormalities, midbrain hy
poplasia, and cerebellar abnormalities. Clinically, affected patients 
show a combination of generalized muscle weakness, severe brain 
involvement with cognitive impairment, frequent seizures, and 
abnormal eye function (e.g., poor visual pursuit, strabismus, myopia/
hyperopia, cataracts) [48]. Pseudohypertrophy of the tongue, calves, 
and quadriceps muscles can be seen [49]. 

Dandy-Walker syndrome, consisting of hypoplasia, elevation, and 
rotation of the cerebellar vermis and cyst like dilatation of the fourth 
ventricle, with variable degree of posterior fossa enlargement and hy
drocephalus, is a rare cause of neonatal encephalopathy; most neonates 
are asymptomatic or mildly symptomatic at birth [50,51]. 

1.4. Genetic disorders 

Next generation sequencing technologies have identified several 
genetic etiologies of neonatal encephalopathy, including a group of 
genetic disorders that mimic the clinical and neuroimaging features of 
HIE [52]. In studies undertaken to identify genetic disorders in neonatal 
encephalopathy, the diagnostic yield of whole exome sequencing (WES) 
or whole-genome sequencing (WGS) was between 10 and 40 % [53–56]. 
Detailed investigations identified underlying genetic etiologies in a 
limited number of patients and can confirm a diagnosis of cytochrome 
oxidase deficiency [57], pyridoxine-dependent epilepsy [58], molyb
denum cofactor deficiency [59], glycogen storage disease type IV [60], 
and X-linked centronuclear myopathy [61]. It is important to include 
genetic and inherited metabolic disorders in the differential diagnosis of 
neonatal encephalopathy, particularly to guide treatment and counsel 
families regarding prognosis and recurrence risks. 
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There are several important signs and symptoms to suggest the 
possibility of underlying genetic disorders in neonates with encepha
lopathy. Prenatal history of oligohydramnios, polyhydramnios, 
decreased fetal movements, increased fetal movements or hiccups, brain 
malformations and/or anatomical defects in prenatal ultrasounds and 
fetal MRI can suggest underlying genetic disorders. Genetic disorders 
should be considered in encephalopathic neonates with dysmorphic 
features, refractory seizures, respiratory insufficiency, multiorgan 
dysfunction, severe hypoglycemia, hyperammonemia, or metabolic 
acidosis with elevated anion gap and lactic acidemia. A family history of 
consanguinity of parents, recurrent pregnancy losses, recurrent neonatal 
or infantile deaths, developmental delay, cognitive dysfunction, epi
lepsy, or congenital malformations may also suggest underlying genetic 
disorders. 

Genetic disorders presenting with neonatal encephalopathy are 
summarized in Table 3 [62], including broad categories of genetic 
syndromes, neonatal onset neurodegenerative disorders, genetic 
epileptic encephalopathies and inherited metabolic disorders for their 
clinical and neuroimaging features. Suggested investigations for the 
diagnosis of inherited metabolic disorders are listed in Table 3. In neo
nates with dysmorphic features, karyotype and/or chromosomal 
microarray should be chosen as the first-line genetic investigation. In 
infants with neonatal seizures, neuromuscular findings, or MRI features 
which are not typical for HIE, targeted next generation sequencing 
panels or WES should be applied if basic metabolic investigations do not 
identify a treatable inherited metabolic disease. Despite extensive in
vestigations, an underlying genetic diagnosis is not confirmed in about 
two-third of the patients with neonatal encephalopathy. 

It is important to consider treatable inherited metabolic disorders in 
the differential diagnosis of neonatal encephalopathy. The confirmation 
of the diagnosis allows appropriate and early treatment to prevent se
vere neurodevelopmental consequences. 

1.5. Central nervous system infections 

Systemic infection, inflammation, and particularly CNS infection can 
co-exist with HIE, or may cause neonatal encephalopathy without 
accompanying HIE. Infections represent an important cause of NE due to 
the potential immediate treatment implications, therefore a complete 
sepsis evaluation is imperative in neonates presenting with encepha
lopathy. The decision to perform a lumbar puncture should be made on a 
case by case basis based on the level of clinical suspicion for meningitis/ 
encephalitis, taking into account the patient’s clinical presentation, and 
individual and regional risk factors for CNS infection. In many cases, 
antibiotics are initiated in neonates with encephalopathy prior to an 
opportunity for lumbar puncture, which may necessitate a course of 
empiric treatment if subsequent evaluation raises a question of CNS 
infection. Interpretation of the sepsis evaluation in neonates undergoing 
therapeutic hypothermia must be cautious, as cooling delays the rise in 
CRP and may cause decreased leukocyte and neutrophil counts [63]. 
Broad spectrum antibiotics are often commenced until inflammatory 
markers and blood cultures are available. In addition, viral PCR and 
further investigations may be required depending on other features such 
as known maternal herpes simplex virus (HSV) infection, or associated 
microcephaly and intracranial calcifications. In a study from Uganda, 
multiplex real-time PCR assays for pathogens (gram positive and gram 
negative bacteria, CMV, herpes simplex virus (HSV) and P. falciparum) 
were performed on whole blood taken from 202 encephalopathic and 
101 control infants. Culture alone yielded 3.6 %, increasing to 8.95 % 
with PCR in combination; more infants with NE had pathogenic bacteria 
than controls [64]. 

Infection has been commonly described in the etiology of NE and 
administration of endotoxin in animal models of neonatal HIE has been 
shown to sensitize the brain to increased hypoxic-ischemic injury 
[65–68]. The combination of infection and HIE has also been associated 
with increased cerebral palsy (CP) in children [69]. Neonates who 

developed CP in the context of maternal infection were more likely to 
have a history of NE, a requirement for inotropic support, seizures 
without meningitis, need for intubation and lower Apgar score at 5 min 
compared to CP without maternal infection [69]. Increased inflamma
tory cytokines such as IL-6 and IL-8 are associated with abnormal neu
roimaging in infants with NE [70]. There is also a strong association 
between chorioamnionitis, NE, and CP in the term infant [71,72]. 
Clinical, imaging, and laboratory features of specific diagnoses are 
included in Table 4. 

Group B Streptococcal (GBS) infection was associated with NE in 0.58 
% of cases and there was a higher mortality when GBS and NE were 
combined [73]. Parker et al. found that infants with NE had cho
rioamnionitis in 40 % and in 11 % also had a sentinel event [74]. In 24 % 
of cases of NE on the Vermont Oxford network, there also was an 
associated antenatal inflammatory issue [75]. A comparison of neonates 
with GBS and E. coli meningitis found similar CSF lab values, but on 
neuroimaging, infarcts were more frequent with GBS, while hydro
cephalus was more common with E. coli [76]. The hydrocephalus 
following infection can occur in the absence IVH, primarily related to 
damage to the arachnoid granulations and impaired CSF reabsorption. 
Falck et al. showed that the neuroprotective effect of therapeutic hy
pothermia in an animal model was dependent on the pathogen and was 
more protective in gram-positive versus gram-negative infections [77]. 
Similarly, it was questioned if therapeutic hypothermia was less efficient 
in neonates with HIE in the context of chorioamnionitis [78]. 

Congenital syphilis can present with intracranial hematoma and 
disseminated intravascular coagulation, although this is very rare and 
usually would not present with encephalopathy [79]. The stigmata of 
congenital syphilis are not always obvious and serological testing is 
required. Listeria monocytogenes can present with symptoms of central 
nervous disease in the newborn [80]. A recent report from the United 
Kingdom surveillance network (neonIN) has a case fatality rate of 21 % 
and an incidence of 3.4 per 100,000 live births [81]. Lee et al. reviewed 
outcomes following ECMO for neonatal listeriosis and found 86 % sur
vival [82]. 

TORCH infections are associated with white matter injury and, 
although linked with neonatal seizures, microcephaly, and intrauterine 
issues, they do not commonly present as neonatal encephalopathy [83]. 
In a small NE cohort, clinical and blood culture positive sepsis was 
detected, but PCR results for neurotrophic viruses were negative [79]. 
HSV can present with early-onset seizures, more common after the first 
few days of life. Herpes infection is usually asymptomatic in the mother, 
but ascending infection is possible after prolonged rupture of mem
branes. CNS disease occurs in half of the infected neonates. Symptoms 
typically occur at the end of the second week, including irritability, 
feeding difficulties, lethargy, seizures and sometimes coma. The diag
nosis requires HSV DNA detected by PCR from CSF, but testing may need 
to be repeated as it is not detected in 30 % of cases in the early stages; 
and conjunctivae, nasopharynx, anus and suspected vesicles should all 
be swabbed. On MRI, there are three main patterns of injury associated 
with HSV including watershed distribution, which is a similar pattern to 
the injury seen after moderate prolonged hypoxia in term HIE, fron
tal/temporal lobes, or corticospinal tracts [84]. A three week course of 
intravenous acyclovir is used for HSV encephalitis with repeat lumbar 
puncture at 21 days to ensure clearance [85]. Renal function monitoring 
and adequate hydration are important to prevent nephrotoxicity asso
ciated with acyclovir [86]. 

Severe anemia and fetal hydrops can result from infection in preg
nancy with parvovirus and potentially present as NE. Anti-non- 
structural protein 1 (NS1) antibodies suggests a recent infection (Qin J 
et al., 2017). Neuroimaging may reveal cortical dysplasia, heterotopia, 
hydrocephalus, calcifications, or cerebellar hemorrhage [87]. Although 
parechovirus, enterovirus, rotavirus, and Chikungunya virus are usually 
postnatally acquired, the latter can present immediately following birth. 
Chikungunya virus is mosquito-borne and signs of infection can occur 
immediately during or after birth, although it typically evolves over 
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Table 3 
Neurogenetic and inherited metabolic disorders presenting with neonatal encephalopathy are summarized for disease category, genetic defect and clinical features.  

Category of genetic 
conditions 

Disease Clinical features Neuroimaging or EEG features Genetic Investigations 
and Findings 

Syndromes Prader-Willi syndrome Hypotonia, dysmorphic features (bitemporal 
narrowing, almond-shaped eyes, strabismus, 
upslanting palpebral fissures, thin upper lip, 
small mouth, down-turned corners of mouth, 
hypoventilation, genital abnormalities, small 
hands and feet, syndactyly), breech 
presentation, decreased fetal movements, 
weak cry 

Ventriculomegaly, decreased volume of the 
parietal-occipital lobe, sylvian fissure 
polymicrogyria, and incomplete insular 
closure 

Microarray deletion or 
maternal uniparental 
disomy of 15q11.2-q12 

Congenital central 
hypoventilation syndrome 

Hypoventilation (described as monotonous 
respiratory rates and shallow breathing in 
sleep or awake), autonomic nervous system 
dysregulation, in some newborns neural crest 
tumors or Hirschsprung disease 

Multiple white matter abnormalities, 
hypothalamus, posterior thalamus, 
midbrain, caudal raphe, locus coeruleus, 
lateral medulla, parabrachial pons, 
cerebellum, insular and cingulate cortex 
changes 

Sanger sequencing and 
deletion/duplication 
analysis of PHOX2B or 
multigene panel or WES 

Aicardi-Goutières syndrome Intrauterine growth retardation, neonatal 
seizures, jitteriness, poor feeding, 
hepatosplenomegaly, thrombocytopenia, 
anemia (resembles congenital infections) 

Frontotemporal white matter changes, 
increased T2 signal intensity around 
ventricular horns, basal ganglia 
calcification (on ultrasound and CT) 

Multigene panel or WES 
of ADAR 
RNASEH2A 
RNASEH2B 
RNASEH2C 
SAMHD1 
TREX1 

Neonatal onset 
pontocerebellar 
hypoplasia (PCH) 

PCH type 1 Muscle weakness, hypotonia, respiratory 
insufficiency, congenital contractures 

Cerebellum hypoplasia, corpus callosum 
hypoplasia, cortical atrophy, immature 
myelination 

Multigene panel or WES 
of VRK1 
EXOSC3 
EXOSC8 
SLC25A46 

PCH type 2, 4, 5 Generalized clonus, suck and swallowing 
incoordination, congenital contractures, 
polyhydramnios, 

Supratentorial atrophy homozygous p. 
A307S variant ‘dragonfly’ configuration of 
cerebellum severely affected hemispheres 
and relative sparing of the vermis 

Sanger sequencing of 
TSEN54 or multigene 
panel or WES 

PCH type 6 Hypotonia, seizures, Progressive cerebral, pons, cerebellum 
atrophy 

Sanger sequencing of 
RARS2 or multigene 
panel or WES 

PCH type 9 Neonatal clonus, brisk deep tendon reflexes 
and truncal hypotonia 

Pontocerebellar hypoplasia, corpus 
callosum hypoplasia, characteristic ‘Fig. 8’ 
shape of the mesencephalon with 
hypoplastic cerebral peduncles, ventricular 
dilatation 

Sanger sequencing of 
AMPD2 or multigene 
panel or WES 

Genetic neonatal 
epileptic 
encephalopathies 

KCNQ2 disease Asymmetric tonic seizures, apnea, hypotonia Multifocal epileptiform abnormalities with 
random attenuation or burst suppression 
on EEG 

Sanger sequencing of 
KCNQ2 or multigene 
panel or WES 

KCNT1 disease Focal seizures with unilateral motor onset, 
alternating from one side to other side, lateral 
deviation of head and eyes, limb myoclonic 
jerks, increased tone, apnea 

Diffuse slowing, abnormal with lack of 
organization, frequent seizures with 
shifting laterality on EEG 

Sanger sequencing of 
KCNT1 or multigene 
panel or WES 

SCN2A disease Clustering focal tonic, focal clonic seizures, 
apnea, hypotonia 

Burst-suppression pattern or multifocal 
spikes on EEG 

Sanger sequencing of 
SCN2A or multigene 
panel or WES 

BRAT1 disease Diffuse hypertonia, microcephaly, multifocal 
myoclonic jerk, apnea, bradycardia 

Normal initial EEG Sanger sequencing of 
BRAT1 or multigene 
panel or WES 

GNAO1 disease Focal seizures Burst-suppression pattern or multifocal 
sharp waves in EEG 

Sanger sequencing of 
GNAO1 or multigene 
panel or WES 

STXBP1 disease Hypotonia, epileptic spasms, refractory focal 
seizures 

Burst-suppression pattern, sometimes 
multifocal abnormalities 

Sanger sequencing of 
STXBP1 or multigene 
panel or WES 

SLC13A5 disease Refractory epilepsy Normal initial EEG 
Multiple punctate white matter lesions 
with diffusion restriction on early MRI 

Sanger sequencing of 
SLC13A5 or multigene 
panel or WES 

Inherited metabolic 
disorders 

Nonketotic hyperglycinemia Myoclonic jerks, hiccups, hypotonia, 
lethargy, apnea, seizures, coma 

Posterior limb of the internal capsule, 
anterior brain stem, posterior tegmental 
tracts, and cerebellum diffusion restriction 
on MRI 
Dysplastic corpus callosum 
Glycine peak on MRS 
Burst suppression on EEG 

Sanger sequencing of 
GLDC 
AMT 
GCSH or multigene panel 
or WES 

Sulfite oxidase deficiency Neonatal refractory seizures, feeding 
difficulties, rapidly progressive 
encephalopathy 

Loss of gray-white matter differentiation, 
cerebral edema, progression to cystic 
encephalomalacia on MRI 
Low-amplitude, disorganized background, 
multifocal epileptiform discharges, burst 
suppression on EEG 

Urine s-sulfocysteine 
(elevated) 
Sanger sequencing of 
SUOX 

(continued on next page) 
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several days. In half of affected infants, encephalopathy is present and 
neuroimaging reveals periventricular white matter involvement [88]. 
Diagnosis is made by PCR for viral RNA. 

1.6. Metabolic derangements 

Other factors which may affect the neurological status of a neonate 
are metabolic abnormalities related to electrolyte abnormalities. Many 

electrolyte imbalances are transient, and are related to the interplay of 
mother and fetus. Few are primarily due to intrinsic metabolite control 
in the neonate. All infants presenting with neonatal encephalopathy 
should have a glucose level and electrolytes checked at presentation. It is 
important to remember that electrolyte abnormalities frequently co- 
exist with HIE [89,90]. With the exception of profound hypoglycemia 
resulting in injury, if the level of encephalopathy is out of proportion to 
the electrolyte disturbance or persists following correction, alternative 

Table 3 (continued ) 

Category of genetic 
conditions 

Disease Clinical features Neuroimaging or EEG features Genetic Investigations 
and Findings 

Molybdenum cofactor 
deficiency 

Refractory neonatal seizures, feeding 
difficulties, rapidly progressive 
encephalopathy 

Loss of gray-white matter differentiation, 
cerebral edema, extensive diffusion 
restriction on early MRI, progression to 
cystic encephalomalacia 

Urine s-sulfocysteine 
(elevated) 
Sanger sequencing of 
MOCS1 
MOCS2 

Urea cycle disorders 
Carbamoylphosphate 
synthetase I, 
N-acetyl glutamate 
synthetase, 
Ornithine transcarbamylase, 
Argininosuccinate 
synthetase, 
Arginosuccinate lyase 
deficiencies 

After being normal at birth, progressive 
lethargy, anorexia, hyper- or hypoventilation, 
hypothermia, seizures, neurologic posturing, 
coma (hyperammonemic encephalopathy due 
to brain edema) 

Insular cortex, parietal, occipital, and 
frontal white matter diffusion restriction 
on MRI 

Plasma amino acids, urine 
orotic acid. 
Based on biochemical 
profile, Sanger 
sequencing of CPS1 
OTC 
ASS 
ASL 

Maple syrup urine disease 
(MSUD) 

Irritability, hypersomnolence, anorexia, 
progressive encephalopathy characterized 
with lethargy, apnea, opisthotonos, and 
reflexive “fencing” or “bicycling” movements, 
coma, central respiratory failure 

Increased signal in cerebellar white matter, 
corticospinal tract, dorsal, brainstem, 
thalami on T2-weighted MRI images 
Extensive diffusion restriction involving 
white matter tracts 

Plasma amino acids 
Sanger sequencing of 
BCKDHA 
BCKDHB 
DBT 

Organic acidurias 
Methylmalonic acidemia 
Propionic acidemia 
Isovaleric acidemia 

After being normal at birth, progressive 
lethargy, poor feeding, vomiting, hypotonia, 
progress to encephalopathy and 
cardiorespiratory failure (hyperammonemic 
encephalopathy due to brain edema) 

Increased signal in putamina and caudate, 
lobar infarcts, cerebellar bleed on T2- 
weighted MRI images 

Acylcarnitine profile, 
urine organic acids 
Based on biochemical 
profile, Sanger 
sequencing of PCCA, 
PCCB 
MMUT 
IVD 

Pyridoxine-dependent 
epilepsy due to biallelic 
variants in ALDH7A1 

NE, refractory seizures Thin corpus callosum, mega cisterna 
magna 

Urine AASA (elevated) 
Sanger sequencing of 
ALDH7A1 

Pyridoxamine 5′ oxidase 
(PNPO) deficiency 

NE, refractory seizures Normal Sanger sequencing of 
PNPO 

Pyridoxal phosphate binding 
protein deficiency 

NE, refractory seizures Normal Sanger sequencing of 
PLPBP 

Multiple carboxylase 
deficiency 

NE, refractory seizures, hypotonia, vomiting White matter abnormalities or cystic 
changes 

Acylcarnitine profile, 
urine organic acids 
Based on biochemical 
profile, Sanger 
sequencing of HLCS 

Pyruvate dehydrogenase 
complex deficiency 

NE, seizures, hypotonia, dysmorphic features 
(e.g. temporal narrowing, microcephaly, 
frontal bossing, wide nasal bridge, long 
philtrum) 

Corpus callosum agenesis, 
ventriculomegaly, cerebral atrophy 
Subependymal pseudocysts 

Lactic acidosis, normal 
lactate/pyruvate ratio 
Sanger sequencing of 
PDHA1 
PDHX 
DLAT 
PDP1 or multigene panel 
or WES 

GABA transaminase 
deficiency 

NE, seizures, hypotonia Dysmyelination, cerebral atrophy on MRI 
Multifocal spikes, diffuse slowing, burst 
suppression in EEG 

CSF free GABA (elevated) 
Sanger sequencing of 
ABAT or multigene panel 
or WES 

Zellweger spectrum disorder NE, seizures, hypotonia, feeding difficulties, 
dysmorphic features (wide open anterior 
fontanelle, split sutures, hypertelorism, flat 
face, broad nasal bridge), hepatomegaly, liver 
and kidney cysts, jaundice 

Cortical gyral abnormalities, germinolytic 
cysts 
Lipid peak on MRS in some cases 

Plasma VLCFA (elevated), 
RBC plasmalogens 
Multigene panel for PEX 
genes or WES 

NDUFS4 disease 
NDUFS6 disease 
SUCLA2 disease 
MTFMT disease (Leigh 
syndrome) 

NE, hypotonia, seizures Bilateral symmetrical lesions within the 
brainstem and basal ganglia structures 

Multigene panel or WES 

AbbreviationsAASA = alpha-aminoadipic semialdehyde; CSF = cerebrospinal fluid; EEG = electroencephalogram; GABA = gamma aminobutyric acid; RBC = red 
blood cell; VLCFA = very long chain fatty acids; WES = whole exome sequencing. 
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causes must be considered. 
Any infant with reduced alertness or oscillatory tremor of upper and 

lower limbs (jitteriness) should have a blood glucose check and mea
surement of electrolytes (including calcium, phosphate and magne
sium). Transient hypotonia can be associated with reversible systemic 
conditions, such as electrolyte or endocrine abnormalities. One of the 
most common metabolic abnormalities seen in the neonatal period is 
hypoglycemia, due to the propensity of neonates to have a poor fasting 
tolerance, delay in initiation of feeding, or secondary to maternal 
diabetes. 

Hypo- or hypercalcemia may also present in infants soon after birth 
with jitteriness, hyperreflexia, hypertonia and occasionally, seizures. In 
an infant with hypo- or hypercalcemia, measurement of serum calcium, 
parathyroid hormone, phosphorous, alkaline phosphatase, magnesium, 
25-hydroxyvitamin D, and 1,25-dihydroxyvitamin D levels, as well as 

urinary calcium excretion, can help to identify the underlying diagnosis. 
Common causes of hypercalcaemia include maternal vitamin D toxicity 
[91], subcutaneous fat necrosis [92], idiopathic infantile hypercalcemia 
[93], and Williams syndrome. In infants with hypocalcaemia, this may 
be secondary to transient hypoparathyroidism in growth-restricted in
fants or more persistent hypoparathyroidism (e.g. DiGeorge syndrome), 
infants of diabetic mothers, or maternal vitamin D deficiency. Inacti
vating and activating mutations of the calcium sensing receptor can 
present with neonatal hyper- or hypo-calcaemia, respectively [94]. 

Maternal administration of magnesium sulfate for pre-eclampsia 
may led to neonatal hypermagnesemia and hyporeactivity at birth; 
lower Apgar scores and hypotonia have been described [95]. The 
duration of symptoms of neonatal hypermagnesemia is dependent on 
the renal function of the neonate, as magnesium is primarily renally 
excreted. 

1.7. Toxic exposures 

Exposure to maternal drugs and toxins may also affect the neuro
logical status of a neonate. A thorough history of maternal medications 
during pregnancy, or administered during labor or delivery should be 
sought in any infant with a reduced conscious level at birth. Both pre
scribed and illicit drugs can cause neurological symptoms in the infant. 
Any infant with hypertonia, hyperreflexia, or irritability not improving 
after 24–48 h of life should be screened for toxins and a further assess
ment of maternal recreational drug use should be performed. Recrea
tional drugs inducing infant effects may include amphetamines, opiates, 
methadone, benzodiazepines, cannabinoids, cocaine metabolites and 
barbiturates. An infant with neonatal abstinence syndrome (NAS) may 
present with a continuous high-pitched cry, reduced sleep, poor feeding, 
overactive Moro reflex, tremors, and increased muscle tone. A thorough 
examination will differentiate from HIE, where tone is more typically 
reduced and Moro reflex is reduced or absent. 

Obstetric administration of magnesium sulfate, opiates or general 
anesthesia may all suppress the infant’s initial neurological status, 
leading to suppressed respiratory drive and need for resuscitation. 
However, this is usually short-lived and can be differentiated from HIE 
based on the history of administration and rapid recovery of the infant. 

Neonatal effects have also been described with maternal use of anti- 
depressants, including both tricyclic antidepressants (TCAs) and selec
tive serotonin reuptake inhibitors (SSRI) [96]. Maternal TCA use during 
pregnancy may result in an infant with irritability and abnormal tone. 
Serotonin toxicity may occur if a baby is breastfed by a mother on a high 
dose of an SSRI. Signs and symptoms may include tachypnea, jitteriness, 
irritability, hypertonia, fever, and compensated metabolic acidosis. 
However, for the majority of infants whose mothers are receiving SSRIs, 
neonatal abstinence does not occur [97]. Maternal use of anti-psychotic 
medication for schizophrenia may also cause neonatal effects, including 
low Apgar scores, hypotonia, or hypertonia, somnolence, and poor 
feeding [98]. However, many of these mothers have co-existing health 
morbidities and additional drug use, making it difficult to truly measure 
the direct effect of the anti-psychotic medications [99]. Maternal use of 
mood stabilizers such as lithium may also result in neonatal hypotonia 
and decreased deep tendon reflexes, in addition to more serious effects 
such as respiratory distress, apnea, cyanosis, cardiomegaly, cardiac ar
rhythmias [100]. 

2. Conclusions 

Neonatal encephalopathy has a wide variety of etiologies. When 
taking care of a newborn with encephalopathy, it is important to 
consider conditions that may mimic HIE, including vascular conditions, 
neuromuscular disorders, brain malformations, genetic conditions, in
fections, metabolic and toxic disturbances. It is also important to 
consider that HIE can co-exist with other causes of NE, including elec
trolyte derangements and vascular injury. While there are distinguishing 

Table 4 
Clinical, imaging, and laboratory features of CNS Infectious causing neonatal 
encephalopathy.  

Organism Clinical features Neuroimaging Laboratory 
testing 

E. coli Chorioamnionitis 
Clinical sepsis 

Hydrocephalus, 
cerebritis, infarction, 
brain abscess, 
subdural effusion or 
empyema, sinus 
thrombosis, 
ventriculitis 

Blood and 
CSF culture 
PCR 

GBS Chorioamnionitis 
Clinical sepsis 

Infarction, cerebritis, 
infarction, brain 
abscess, subdural 
effusion or empyema, 
sinus thrombosis, 
ventriculitis and 
hydrocephalus. 

Blood and 
CSF culture 
PCR 

Listeria Lethargy, irritability, 
diarrhoea, poor 
feeding, vomiting, 
respiratory distress, 
characteristic skin 
rash (granulomatosis 
infantiseptica) 

Hydrocephalus, 
abscesses, white 
matter injury 

Blood and 
CSF culture 

HSV Seizures, skin-eye- 
mouth lesions, feeding 
difficulties, lethargy, 
irritability, tense 
fontanelle 

Injury in watershed 
distribution, frontal & 
temporal lobe, 
corticospinal tracts 
involvement 

CSF PCR 
HSV DNA 
Surface and 
lesion swabs 

TORCHS Seizures, 
microcephaly, fever, 
petechiae, deafness 

Calcification, white 
matter injury 

TORCH 
screen 
CMV PCR 
CSF VDRL 

Parvovirus Severe anemia, 
hydrops fetalis 

Cortical dysplasia, 
heterotopia, 
hydrocephalus, 
calcifications, 
cerebellar hemorrhage 

anti-NS1 
antibodies, 
PCR 

Parechovirus/ 
Enterovirus 

Sepsis/shock 
Fever, irritability, 
diarrhoea, rash 

Diffuse echogenicity 
periventricular and 
deep white matter, 
central gray nuclei and 
corticospinal tracts, 
cystic evolution 

PCR EV and 
HPeV serum 
and CSF 

Chikungunya 
virus 

Poor feeding, rash, 
diarrhoea, brown skin 
discoloration 

Periventricular 
leukomalacia, 
intraparenchymal 
haemorrhages 

PCR viral 
RNA 

Abbreviations: CSF = cerebrospinal fluid; E.coli = Escherichia coli; EV =
enterovirus; GBS = group B Streptococcus; HPeV = human parechovirus; HSV =
herpes simplex virus; NS1=Non-Structural Protein 1, the main non-structural 
protein in parvovirus B19; PCR = polymerase chain reaction; TORCHS =
Toxoplasma gondii, rubella, cytomegalovirus (CMV), herpes simplex, syphilis, 
and others (human immunodeficiency virus, hepatitis B and C), VDRL=Venereal 
Disease Research Laboratory test. 
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features of the clinical history and physical examination, there can often 
be considerable similarities in the presentation of various causes of NE. 
Targeted investigations guided by clinical suspicion can help to differ
entiate these causes, and tailor the treatment to the specific diagnosis. 
Therapeutic hypothermia should not be withheld in cases where the 
cause of NE is unknown and HIE is suspected, as the substantial benefits 
of cooling for HIE outweigh the risks of this therapy in cases where a 
different cause for NE is ultimately found. 

3. Practice points  

• Neonatal encephalopathy (NE) is a clinical diagnosis which may 
arise from numerous etiologies  

• HIE may be distinguished from NE due to other causes using the 
history, physical and neurological exam, and investigations 

4. Research directions  

• Evaluate the yield of broad genetic testing, such as WES or WGS, in 
all neonates with NE  

• Develop and validate bedside tools for rapid, accurate diagnosis of 
various causes of NE 
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