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Although bilateral injury to the thalami is often seen in (near)term infants with hypoxic
ischemic encephalopathy (HIE), symmetrical thalamic lesions (STL) is a different, very
rare condition, seen both in full-term and preterm infants often after an antenatal
insult, although the history is not always clear. These lesions are usually ﬁrst detected
using cranial ultrasound (cUS). They may not always be seen on the ﬁrst (admission)
scan, but become apparent in the course of the 1st week after birth. Clinically, these
infants present with hypo- or hypertonia, absence of sucking and swallowing reﬂexes,
and they may have contractures and facial diplegia. Neuropathology commonly
demonstrates a thalamic lesion with additional and variable involvement of basal
ganglia and brainstem. The prognosis is very poor, the condition often leads to severe
disabilities and/or death within the ﬁrst years of life. The clinical course and neuroimaging ﬁndings of 13 patients with symmetrical thalamic lesions (STL) are reported.

Introduction
Symmetrical thalamic lesions (STL) were ﬁrst described in
1962 by Rosales and Riggs.1 This condition has also been
referred to as symmetrical thalamic calciﬁcations (STC).2,3
STL is a speciﬁc neuropathological entity, often following an
acute antenatal insult but the etiology is not always known and
still a matter of debate. It differs from a postnatal (mostly
unilateral) hemorrhage or bilateral ischemic injury in the
thalamus following a severe perinatal hypoxic-ischemic
event.4 It is thought that the vulnerability of the central gray
matter to injury at term age is related to rapid myelination and
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thus high metabolic demands in this region at that age. The
ﬁrst parts of the central gray matter to myelinate are the
ventrolateral and subthalamic nuclei where myelination starts
in the early preterm period.5 Histopathology in STL shows
bilateral lesions with gliosis, neuronal mineralization, and loss
of neurons, mostly involving the lateral part of the thalami. The
histological abnormalities of the affected neurons do not differ
from typical hypoxic-ischemic injury, and can be seen after
severe hypoglycemia or a toxic insult as well. Sparing of other
parts of the brain with a similar sensitivity to hypoxic-ischemic
injury, might argue against a hypoxic-ischemic event.
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Because STL is uncommon and not always easy to recognize, we hereby present our case series including the clinical
history and neuroimaging ﬁndings of 13 patients.

Methods
The clinical course and cranial ultrasound (cUS) and magnetic resonance imaging (MRI) ﬁndings of all 13 neonates
with STL admitted between 1991 and 2017 to two level three
neonatal intensive care units (NICUs) in the Netherlands and
one NICU in Slovenia are presented and compared with
available data in the literature. cUS was performed on
admission and then repeated regularly until discharge
home or death. MRI, using a 1.5 or 3 Tesla’s magnet was
performed in the neonatal period in 11 cases. One patient
underwent a computed tomography (CT) scan and one had
no MRI because the infant died before the MRI could be
performed. The MRI protocol included at least T1- and T2weighted sequences and in more recent cases also diffusionand susceptibility-weighted imaging.

Results
Patient Characteristics and Clinical Symptoms
Polyhydramnios and reduced fetal movements were present in
4/13 pregnancies. An episode of acute and/or recurrent severe
fetal hypoxia was recorded in 9/13 pregnancies. Median gestational age of the neonates was 346/7 weeks (range, 256/7–396/7
weeks). There was a striking female preponderance (11/13).
One patient was small for gestational age (SGA) and nine
patients were born prematurely (gestational age < 37 weeks).
Low Apgar’s scores ( 6 at 5 minutes) were present in ﬁve. Five
patients needed insufﬂation breaths and one (case 7) was
intubated after 15 minutes because of lack of spontaneous
respiration. Intubation and ventilation were subsequently
required in 6/13 infants. Clinical symptoms included marked
central hypotonia in all, followed by hypertonia in seven
patients, contractures in four, failed neonatal hearing test in
six (ﬁve automated auditory brainstem response [AABR]; two
brainstem evoked response audiometry [BERA]; one patient
failed both) and swallowing problems in all but one. Amplitude
integrated electroencephalography (aEEG) recordings were
performed in eight patients. In one of them seizure activity
was demonstrated. Ten infants died, ﬁve in the neonatal period
and ﬁve in the 1st year beyond the neonatal period. The three
surviving infants had a severely abnormal neurological outcome at 12 to 48 months, with absent sucking and swallowing,
lack of visual interaction, abnormal hearing, and hypertonia
and contractures in all extremities.

Neuroimaging Findings
cUS showed abnormal, mostly progressive echogenicity in the
thalami in all patients. In 6/13 cases this was seen on the ﬁrst
scan after birth and in the other cases within 1 week after
birth. The most prominent abnormalities on the ﬁrst cUS scan
were seen in the most premature infants. In 5/13 cases the
echogenicity increased further over time. We did not ﬁnd a
relationship between the severity of the cUS abnormalities and
Neuropediatrics

the clinical symptoms. In the 11 patients in whom MRI was
performed, T1-weighted sequences showed increased signal
intensity in the thalami in all. T2-weigthed images also showed
signal abnormalities in the thalami, but this was less obvious
than on the T1-weighted images. Diffusion weighted images
showed no diffusion restriction, probably related to the long
time period between the MRI and the presumed insult. When
the MRI was performed or repeated at or beyond term
equivalent age, delayed myelination was seen in the posterior
limb of the internal capsule. There was no obvious other
maturational delay. Additional abnormalities were seen in
the white matter in two, the globus pallidus in another two,
and the cerebellum in one infant.

Histopathology Findings
Autopsy was performed in four cases. Histology showed loss of
neurons in the thalami with mild calciﬁcations and iron
staining of individual neurons in all of them. Case 9 showed
extensive calciﬁcations. In case 3, there was massive loss of
neurons in the thalami with some additional neuronal loss and
gliosis in the hippocampus. In case 6, the nuclei of the cranial
nerves showed loss of neurons and iron staining of neurons
(►Fig. 1A and B). Case 7 showed abnormalities in both thalami
with neuronal mineralization and involvement of the reticular
formation. Also, both nuclei of the facial nerve were severely
damaged. Cases 6 and 7 show some overlap with expanded
Möbius’s syndrome as described by Peleg et al.6

Ophthalmological Findings
An ophthalmological examination was done in 7/13 patients
and unremarkable in all.
►Table 1 provides clinical and neuroimaging data of the
13 patients. Below we describe details of the clinical presentation and neuroimaging ﬁndings of two of our recent
patients.

Case Description
Case 1
The mother was admitted at 235/7 weeks gestation because of
recurrent vaginal blood loss due to placenta praevia, premature
rupture of membranes, and severe oligohydramnios. Corticosteroids were administered to promote fetal lung maturation.
At 256/7 weeks gestation an emergency caesarean section
was performed because of acute, massive vaginal blood loss,
and pronounced fetal distress. A girl was born with a birth
weight of 700 g. Apgar scores were 4, 6, and 8 at 1, 5, and
10 minutes, respectively. The arterial umbilical cord pH was
7.15 with a base excess of 10 mmol/L. The ﬁrst hemoglobin
after birth was 8.7 mmol/L with a hematocrit of 0.41 L/L. On
physical examination she had contractures of both elbows and
her left knee, probably related to the oligohydramnios.
She initially received insufﬂation breaths, followed by
nasal continuous positive airway pressure (CPAP) with supplemental oxygen and was transported to the NICU. She was
intubated shortly after admission because of insufﬁcient
breathing efforts and respiratory failure due to pulmonary
hypoplasia.
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Because of severe hypotension she received two ﬂuid
boluses and low dose dopamine (5 µg/kg/min).
On the 1st postnatal day she was uncomfortable and
restless for which she was treated with a loading dose of
phenobarbitone (20 mg/kg, intravenously). In addition, she
received morphine (maximum 10 µg/kg/h) during the period
of assisted ventilation.
The ﬁrst two cUS scans, respectively performed a
few hours after birth and on the 2nd day, did not show
abnormalities. cUS on day 4 showed abnormal bilateral
echogenicity of the basal ganglia and thalami (Fig. 2A).
Her further stay on the NICU was characterized by development of bronchopulmonary dysplasia and recurrent
atelectasis for which long-term respiratory support (2.5
weeks) and eventually hydrocortisone administration was
needed. She also suffered from recurrent infections. She
failed the neonatal hearing test (AABR).
She had severe neurological symptoms, consisting of disturbed swallowing and sucking, abnormal tone, and hyperreﬂexia. These symptoms were ascribed to the deep gray matter
abnormalities. Possible causes for the abnormalities seen on
cUS were hypoxic-ischemic injury, kernicterus, congenital
infection, hemorrhage, metabolic disease, sulﬁte oxidase deﬁciency, mitochondrial disorders, and maternal vitamin B12
deﬁciency. TORCHeS (Toxoplasmosis, Other, Rubella, Cytomegalovirus, Herpes) serology was negative. Extensive metabolic
screening (including amino acids, organic acids, acylcarnitine,
transferrin) was normal; sulﬁte oxidase deﬁciency and maternal vitamin B12 deﬁciency were also excluded. Kernicterus
was very unlikely as bilirubin levels remained far below the
exchange transfusion levels throughout the neonatal period
(maximum 114 µmol/L). In addition, the abnormalities were
mainly located in the thalami and less in the basal ganglia. MRI
of the brain, performed on postnatal day 17 at a postmenstrual
age (PMA) of 282/7 weeks showed only subtle abnormalities of
the basal ganglia and thalami. The white matter appeared
normal. There were two small hemorrhages in the cerebellum

(►Fig. 2B). Serial cUS examinations of the brain showed
increasingly abnormal echogenicity of the basal ganglia and
thalami (►Fig. 2C). Because severe neurological symptoms
were present immediately after birth, the cord pH and base
excess were not very low and the abnormalities in the thalami
were much more severe on early cUS than MRI, hypoxicischemic brain injury after perinatal asphyxia seemed less
likely and the diagnosis STL was made.
At term equivalent age (PMA 41 weeks) MRI was repeated
(►Fig. 2D) and showed bilateral inhomogeneous signalintensity in the globus pallidus, putamen, ventrolateral
thalamic nuclei, and hippocampi. The extracerebral ﬂuid
spaces were enlarged, related to white matter volume loss.
There were multiple punctate hemorrhages in both cerebellar hemispheres and there was only sparse myelination of the
posterior limb of the internal capsule. The cerebellar myelination was also delayed.
She was discharged home at the corrected age of 2 months
and was readmitted several times because of respiratory infections. At the age of 4 years she has severe feeding and swallowing difﬁculties. She has developed cerebral palsy (GMFCS level
IV) and a marked cognitive delay, but is showing some developmental progression with normal vision and hearing.

Case 2
A boy was born at 343/7 weeks of gestation with a birthweight
of 2,155 g (P50 Hindi-curve) and Apgar scores of 4, 6, and 8 at
1, 5, and 10 minutes respectively. He was the ﬁrst child of
nonconsanguineous Indian parents. Ten days before birth the
mother felt reduced fetal movements.
The membranes ruptured at 342/7 weeks of gestation. The
amniotic ﬂuid was meconium stained. Labor was induced
and the mother received antibiotics. Labor was uneventful.
The umbilical cord was very short without strangulation.
The infant had some dysmorphic features: hypertelorism,
micrognathia, and low set ears. He was hypotonic, which
resolved after a few hours. He had some cyanotic spells,
Neuropediatrics
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Fig. 1 Case 6. (A) High power view (H and E stain) of the thalamus with extensive loss of neurons and ferrugination of neurons (arrows). (B) Low
power view of the brainstem with inferior olivary nucleus with normal aspect. Inset is high power view of the nuclei of the cranial nerves with loss
of neurons and ferrugination of neurons (arrows). Published in color online. H and E stain, hematoxylin and eosin

Pols et al.

Fig. 2 Case 1. (A) Bilateral abnormal echogenicity of the basal ganglia and thalami on coronal cUS on postnatal day 4. (B) Subtle abnormalities of
the basal ganglia and thalami and a small hemorrhage in the cerebellum on sagittal MRI T1-weighted sequence on day 17. (C) Increasingly
abnormal echogenicity of the basal ganglia and thalami on serial cUS examinations (parasagittal scan) of the brain. (D) Transverse MRI T1weighted sequence at term equivalent age at midventricular level shows small areas of increased signal intensity in the ventrolateral thalami and
reduced thalamic volumes. cUS, cranial ultrasound; MRI, magnetic resonance imaging.

thought to be related to the prematurity and the micrognathia, for which an oropharyngeal airway was placed and
he was started on caffeine. He had difﬁculties swallowing
and was tube fed. After 24 hours he developed clinical
seizures with head deviation toward the right side and tonic
clonic movements of his right arm and leg. This was successfully treated with phenobarbitone. The clinical seizures were
not conﬁrmed on the aEEG.
Laboratory-examination revealed no signs of an underlying cause; hypoglycemia and electrolyte-disturbances
were excluded. Metabolic tests (including amino acids,
organic acids, acylcarnitine, and transferrin) were all negative. Lactate was within the normal range. cUS on admission
showed abnormal echogenicity of both thalami (►Fig. 3A).
Neuropediatrics

An MRI conﬁrmed symmetrical thalamic lesions suggestive
of acute hypoxic-ischemic injury (►Fig. 3B).
The MRI was repeated at term equivalent age and showed
symmetrical thalamic lesions, lack of myelination and signal
intensity changes in the white matter (►Fig. 3C).
Genetic testing was done because of the multiple congenital anomalies. A duplication of 210 kb of chromosome
4q35.1q35.2 was found. This duplication was not considered
to be the cause of his problems. Ophthalmological examination revealed no eye abnormalities.
The hearing screening test (AABR) was abnormal and a
BERA was performed which showed a bilateral, mixed hearing loss of 0 to 30 dB, with abnormal auditive processing of
the brainstem.
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At 6 weeks of age his general movements showed lack of
variation and there was increased tone of his upper and
lower limbs. He was discharged home, being tube fed and
died at 2.5 months of age. No permission for postmortem
examination was obtained.

Discussion
In neonates with symmetrical abnormalities in the thalami
and without a clear history of perinatal asphyxia the diagnosis STL should be considered. Clinical symptoms are present at birth and cUS abnormalities may be present at birth
but it may also take some time before these are clearly
recognized. The echogenicity tends to increase over time
and is mainly present in both thalami while less or even
absent in the basal ganglia. It may be difﬁcult to distinguish
between hemorrhage and hypoxic-ischemic injury and MRI
will contribute to making this distinction.7 Unlike thalamic
injury in HIE, the abnormalities in the thalami are more
prominent than in the basal ganglia and best seen on cUS.
This is probably related to calciﬁcation in that area which is
readily detected by cUS. In addition, seizures and (a)EEG
abnormalities are rare because the major lesions are located
deep in the brain, the cortex is usually unaffected and the
acute event happened days or weeks before birth.
In preterm neonates the symmetrical thalamic echogenicity should not be confused with physiological echogenicity
of the deep gray matter as is often seen in preterm neonates
before term equivalent age.8 This physiological echogenicity
is more diffuse and subtler and mainly located in the basal
ganglia.
Conventional (T1- and T2-weighted) MRI, performed at or
after term equivalent age will show absent or delayed
myelination of the posterior limb of the internal capsule.
Signal intensity changes in the thalami, basal ganglia, and/or
brainstem may be seen and are more outspoken on T1- than
on T2-weighted images.9,10 In our case series 4 patients had
additional abnormalities in the white matter (mainly punc-

tate white matter lesions) and/or cerebellum (mainly small
hemorrhages). CT may be helpful in showing the mineralization in the thalami, but is not recommended in neonates
because of the radiation hazard. In addition, unless it is done
in a unit with a lot of experience in neonatal CT, it will not
improve the detection of calciﬁcation as compared with cUS.
Clinical symptoms in the neonatal period consist of
abnormal tone (mostly hypertonia, sometimes preceded by
hypotonia), absent sucking and swallowing reﬂexes, often
facial diplegia and sometimes seizures. A prenatal cause for
STL is considered most likely because of the abnormal tone,
often associated with contractures and swallowing difﬁculties already present at birth or soon thereafter, and the cUS
abnormalities that are striking at or soon after birth. The time
needed to develop tissue calciﬁcation after a hypoxicischemic event is approximately 1 week and it will take at
least this time period for the cUS abnormalities to evolve to
their maximum extent.11
The selective vulnerability of the thalamus and basal
ganglia for a severe hypoxic-ischemic event has been documented clinically as well as experimentally.12–14
In about one-third of all the STL-cases described so far
there was polyhydramnios, a sign of abnormal fetal swallowing. In many cases, there was a severe antenatal event,
probably leading to acute and severe fetal hypoxia and/or
ischemia. Possible other causes of STL may be genetic,
infectious, metabolic, and toxic. We found a case report in
the literature of two siblings with STL, suggestive of a
possible mutant autosomal recessive gene in both parents.15
We found no cases in the literature describing an infectious
or a metabolic cause. We found two cases of a toxic cause, one
of them was a salicylate-intoxication.16
In our cases, we found no evidence for a toxic, metabolic,
or infectious cause. Two patients had a genetic defect (a small
deletion on single nucleotide polymorphism [SNP] array in
one and a short duplication in another one), but these were
considered unlikely explanations for the STL seen in these
patients. A recent case series, using next generation
Neuropediatrics
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Fig. 3 Case 2. (A) Increased echogenicity of both thalami on cUS on admission. (B) MRI, sagittal T1-weighted sequence, conﬁrmed symmetrical
thalamic lesions. (C) MRI, axial T1-weighted image at term equivalent age showed increased signal intensity in both thalami, lack of myelination
of the posterior limb of the internal capsule and reduced thalamic volumes. cUS, cranial ultrasound; MRI, magnetic resonance imaging.

Pols et al.

sequencing techniques (whole exome sequencing, WES) was
unable to identify a genetic defect in three patients with
STL.17
In all our cases, the most likely cause was severe antenatal
hypoxia-ischemia, supported by a clear history in nine
infants.
There was a striking female preponderance in our caseseries, but we did not ﬁnd this in the existing literature.
Hearing loss was present in six of our cases and has previously been described in the literature, but it is not a
consistent ﬁnding.18
The prognosis of STL is very poor. Most children die within
the 1st year of life. The cause of death is usually aspiration
pneumonia or severe apnea. So far, only one case has been
reported who survived beyond 3 years of age. In our case
series, two children survived beyond 3 years of age: case 1,
described above and case 5 who had severe developmental
delay and developed spastic quadriplegia, GMFCS level III.
On histopathology bilateral lesions of the thalamus,
mostly the lateral part, with gliosis, neuronal mineralization,
and loss of neurons have been reported.11,16 There may be
some histopathological overlap with Möebius’s syndrome.6
This is in agreement with our autopsy data.

Conclusion
In infants with progressive symmetrical increased echogenicity in the thalami on cUS, STL should be considered. STL
diagnosed in the neonatal period carries a poor prognosis. A
thorough pregnancy history is needed to identify an acute
antenatal insult which is the most likely underlying etiology.
Note
A statement of the location where the work was performed: this work has been performed at the NICU of Isala
Women and Children’s Hospital in close collaboration
with two other European institutions.
Conﬂict of Interest
None.
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