Review Article Open Access

Cranial Ultrasound: A Nove Approach of Neuroimaging in Preterm | nfants Suffering
from Perinatal Birth Injury
Saba Fatima, Amber Goraya, Abid Ali Qureshi, HinaAzhar

ABSTRACT:

I ntroduction: Preterm birth isacommon cause of neonatal mortaity with an additiona burden of adverse neurodevel opmental
outcomes. It is caused by different factors that can be either perinatal, natal or postnatal leading to white matter
injury/intracranial hemorrhages. These lesions can be readily assessed by cranial ultrasound which provides cost-effective,
radiation-free, bedside imaging.

Conclusion: Cranial ultrasound is an innovative method to assess brain injury in preterm infants. Ultrasonographic evaluation
of preterm brain is recommended as early as possible after birth with interval follow up. Three distinct patterns of brain
injury can be seen in preterm infants: Periventricular leukomalacia (PVL), Germinal Matrix-Intraventricular hemorrhage
(GMH-1VH) and cerebellar hemorrhages. Germinal matrix hemorrhage is found to be most common pattern with cystic
PVL being next among three patterns of brain injury. Ultrasound is an operator-dependent technique with poor visualization
of few abnormalities on two-dimensional images. The limitation of conventional ultrasonography opens up new aspects
of 3 D scanning with better imaging outcomes.
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INTRODUCTION:

Preterm birth is defined as neonatal birth lessthan 37 weeks
of gestation.! It is divided into extremely preterm (less than
28 weeks GA), very preterm (28-32 weeks GA) and late
preterm birth (more than 32 weeks GA).? Epidemiologically
it causes an annual birth rate of 11% globally with an
estimated 15 million preterm births.? It is one of the major
causes of childhood mortality and causes amost one million
deaths each year and overall accounts for arisk factor in
about 50% of neonatal deaths.* Economic burden caused by
preterm birth was studied to be more than 2.9 hillion pounds
in terms of neonatal admissions, health care and educational
assistance.”
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These premature neonates are prone to develop multiple
problems because of immature organ systems like respiratory,
gastrointestinal, cardiac and neurological complications.
Premature brain is more prone to injury from multiple pre,
peri and postnatal causes due to ischemia, infection or
inflammation. The common maternal causesinclude maternal
hypertension, maternal diabetes and anemia while the com-
mon fetal causes include birth asphyxia, chorioamnionitis,
respiratory distress and sepsis.” Perinatal injury causes
neurological damage by cumulative effects of hypoxic-
ischemic, inflammatory and metabolic processes, which
lead to immature auto regulation of cerebral vasculature to
hypoxia and thus results in cellular damage.®

Damageto premature brain causes intellectual and psychiatric
disabilities, like development of cerebral palsy in 15% and
behavioral disturbanceswith impaired academic performance
in 30 to 50% of patients.® Another study depicts that 10%
of patients develop CP with hearing and visual problems
while 40% develop cognitive defects, language and educa-
tional difficulties.” Because of this high incidence of neu-
rodevelopmental problems, prompt and accurate neuroim-
aging isindicated in preterm neonates. There are multiple
techniques for brain imaging with cranial ultrasound being
the first-line modality for imaging of neonatal brain as it
provides fast, radiation free, cost effective, bedside screening
method of imaging. Cranial ultrasound also helpsin serial
imaging to look for progression of disease process.? Three
dimensional ultrasound is a new technique of performing
cranial imaging which helpsin visualization of the brain
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parenchymain multiple planes a ong with reduced scanning
time.®

In this review article, we will discuss the basic physical
aspects of ultrasound, technique of performing cranial
ultrasound with normal anatomical description of neonatal
brain and anatomic variants. Various patterns of brain injury
in preterm neonates with their ultrasound manifestations
will be discussed along with indications for further imaging
evaluation

DISCUSSION:

Cranial ultrasound is an important tool that is used for the
evaluation of normal and abnormal brain in preterm infants.
Asit is abedside screening tool and does not require long
sedation as compared to MRI, it is being increasingly used
for neuroimaging in neonatal intensive care units.?

Technique of cranial ultrasound:

High-frequency sound waves are used to produce images
in cranial ultrasound.’ Sector scanning is the most common
mode of imaging in cranial ultrasonography™ however an
article published in AJR recommends the use of linear array
transducer.™ An acoustic window is needed to transmit sound
waves from the scan head and the most commonly used
window is anterior fontanelle.***® Scanning is performed
with a scan head/transducer of 7.5 Hz frequency in sagittal
and coronal planes with scanning from frontal to occipital
regions and from right to left side of the head.'? Studies
recommend taking 6-8 coronal viewswith 5 sagittal views**
Supplemental acoustic windows have also been described
to aid in the visualization of the preterm brain like posterior
and mastoid fontanelles.™ Posterior and mastoid fontanelles
allow accurate visualization of occipital lobes, atria of
ventricles and infra-tentorial structures.*®

There are many recommendations on timings of cranial
ultrasound in preterm infants for early recognition of any
brain injury but controversies exist in these recommendations.
Perlman et d. gave a scanning protocol based on the weights
of preterm infants described in Table 1.

In 2001, the American Academy of Neurology reviewed
this protocol and recommended routine cranial ultrasound
in preterm infants of <30 weeks gestational age at between
7 and 14 days after birth with repetition of scan between 36
and 40 weeks postmenstrual age.’® Another study devised
scanning protocol based on the gestational age of infants as
described in Table 2.

Table 1. Timing protocol for cranial ultrasound based on birth

weight 7
<1000 grams |1000-1250 grams| 1250 and 1500 grams
Days 3-5 Days 3-5 Days 3-5
Days10-14 Around day 28 Pre discharge
Around day 28 | Predischarge Pre discharge

Table 2. Timing protocol for crani gll 9Ultrasound based on gestational
&g

Gestational age < 32 weeks Gestational age >32 weeks

Shortly after birth Third day of life

Third day of life Weekly thereafter until discharge]

Seventh-day of life

Weekly thereafter until discharge

Normal anatomy and anatomical variants on cranial
ultrasound:

In the coronal plane, most anterior section passes through
frontal horns of lateral ventricles and it reveals frontal lobes
separated by falx cerebri and fluid-filled cavum septum
pellucidum which isanormal structure in preterm infants.
Corpus callosum is also seen at thislevel above the frontal
horns. Posterior to the frontal horns, there are septum
pellucidum, frontal horns indented by the head of caudate
nuclei which are separated from the lentiform nucleus by
internal capsules with Sylvian fissures and temporal lobes
more laterally. Vascular anatomy at this plane includes the
bifurcation of internal carotid arteries into anterior and
middle cerebral arteries. Moving posteriorly, there are bodies
of lateral ventricles, thalami, tentorium and brainstem with
the lateral part being occupied by basal ganglia, internal
capsule and deep white matter of parietal lobes. Further
posterior plane of imaging includes trigone and atria of
lateral ventriclesfilled by choroid plexus, cerebellar vermis,
quadrigeminal cistern and splenium of the corpus callosum.
The most posterior image reveals occipital lobes and optic
pathway. In the sagittal plane, midline imaging reveals
pulsatile branches of anterior cerebral artery coursing over
the cavum septum pellucidum, inferior to which lies the
third ventricle, the aqueduct of Sylvius and 4" ventricle. All
components of the brainstem with cerebellar vermis can
also be visualized at this level. Parasagittal images reveal
lateral ventricles with thalami lying at their floor and brain
parenchyma of frontal and occipital lobes. The most parasag-
ittal images reveal occipital and temporal horns of lateral
ventricles with temporal lobes seen bilaterally. Echogenic
choroid plexusis seen filling the ventriclesin all sections.®

Various anatomic variants are commonly found due to
improvement in technique and technology of ultrasound and
these variants areimportant to know to avoid misinterpretation
as pathologies.?* Persistent fetal fluid spaces are commonly
found and to name as added cavum septum pellucidum,
cavum verge and cavum interpositum. Most of these spaces
are close by birth in full-term infants while 85% of cavum
septum pellucidum closes by 3-6 months of age.?” These
spaces are differentiated from their anatomical location,
space anterior to the foramen of Monro and between frontal
horns is cavum septum pellucidum while one posterior to
foramen of Monro and fornices is cavum verge.” Smaller
choroid plexus cysts less than 1 cm are commonly found in
aneonatal autopsy but are insignificant® while multiple,
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bilateral and larger cysts have significance due to association
with chromosomal abnormalities. L enticul ostriate vascul -
opathy is a nonspecific finding which can both be a normal
variant and pathological with later due to thickening of walls
of arteries secondary to TORCH infections, chromosomal
abnormalities and metabolic disorders.®

Patterns of brain injury in preterm neonates and their ultra-
sound features:

Various patterns of acquired perinatal brain injury have been
described in preterm neonates with three types of structural
abnormalities including white matter injuries, intracranial
hemorrhages and cerebellar injuries.® White matter injury
isthe most common of brain injury and according to a study,
it encompasses periventricular leukomalacia, punctuate
white matter injury, intraparenchymal hemorrhage, ischemia
and ventriculomegaly with volume loss.?” While a particular
terminology has been devised by Joseph Volpe in 2009 to
cover the neuropathological spectrum of preterm infants
called “ Encepha opathy of Prematurity”. Thisentity consists
of periventricular leukomalacia (PVL) and severe germinal
matrix-intraventricular hemorrhage (GMH-1VH) with its
complications.? Out of these defined patterns, PVL with its
associated neuronal/axonal diseases is the most common
pattern found in 50 %or more of preterm infants while
GMH-IVH isonly found in 5% of infants born prematurely.?
Another important component of preterm brain insult is
cerebellar injury which accounts for 19% of the cases as
proved in a study.*

1. Periventricular leukomalacia: Periventricular leukoma-
lacia (PVL) relatesto theinjury to cerebral white matter in
preterm infants. It consists of two components: 1) a focal
necrotic component which is further of two typesand 2) a
diffuse gliotic component which is due to astrogliosis and
microgliosis. Macroscopic necrotic components in combi-
nation with gliotic changes evolve into cystic lesions hence
referred to as cystic PVL while microscopic necrotic foci
with surrounding diffuse gliosis changeinto glial scarsand
known as non-cystic PVL.?®* The overall incidence was
proved to be 26.4%* and 16.3 %™ in two different studies.
The former study was based on the preterm African popula-
tion with the role of genetic and environmental factors
leading to higher incidence and hence making it a less
reliable study than later.

Cystic PVL iseasily seen by crania ultrasound however it
ispresent in only 3% of preterm infants® while the EPIPAGE
study demonstratesit in 5% of infants. The later EPIPAGE
study is a better one asit includes alarge sample size with
more accurate results. Non-cystic PVL is difficult to assess
on ultrasound however itsincidence is reportedly high as
compared to cystic PVL. Cystic PVL progresses from areas
of in homogeneously increased echogenicities on ultrasound
to evolve into complete cystic lesions.® These commonly
occur along the distribution of long penetrating arteries

Table 3. Ultrasound grading for Cystic PVL*

GRADE | ULTRASOUND APPEARANCE

I Increased echogenicity areasin the periventricular
region

[ Increased echogenicities evolving into small
frontoparietal cysts

1 Periventricular frontoparietal and occipital lobe cysts

v Extensive subcortical cysts

particularly in watershed areas al ongside trigone of lateral
ventricles. They appear as multiple small variable-sized
cysts having anechoic fluid.*® Generally, cystic PVL is
categorized by four grades described in table 3.

Non-cystic PVL also called as diffuse PVL is difficult to
image on ultrasound however it is found in the mgjority of
cases as proved to be 69%> and 80%* in two different
studies. It isdifficult to assess on ultrasound however its
incidence is reportedly high as compared to cystic PVL.
Miller et a concluded that non-cystic PVL is present in 69%
of patients® while Leijser et a in their study proved it to be
present in 80% of infants.*” However both these studies had
various limitations, like small and limited sample size with
timings of performing ultrasound not following any estab-
lished protocols.

It can be seen as periventricular echogenicities with no
progression into cystic lesions.*® However several studies
demonstrate that diffuse white matter injury can progress
into brain atrophy which manifestsin the form of enlarged
ventricles and subarachnoid spaces, widening of Sylvian
fissure with reduced gyral folding. Brain atrophic changes
had been described in particular in 18% of patients by Horsch
et al* while Skiold et al proposed these changes to be found
in 4.8% patients.* The work done by later is more reliable
as it provides a quantitative scoring system for different
features of brain atrophy.

Generally, the diagnostic accuracy of ultrasound for PVL
is variable as proposed to be 68 % by Debellion et al** and
90% by Trounce et al*2. The later study appears to be more
appropriate as it compared the ultrasound findings with
histopathol ogical sampling at autopsy while in the former
study MRI brain was used as a reference standard tool.

2. Germinal matrix —intraventricular hemorrhage and
its complications:

Germinal matrix hemorrhage is one of the common abnor-
malities in the preterm brain which are diagnosed on ultra-
sound. Germinal matrix itself consists of proliferated neurons
and glial cells having vessels of single-cell origin. It starts
involution by the end of second trimester and only a small
amount remainstill 32 weeks in the region of caudothalamic
groove. By term age almost complete involution occurs
causing decreased risk of hemorrhage in term infants.
Germina matrix hemorrhage has been divided into 4 different
grades by Papile et a described in table 4.
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Table 4. Grading for Germinal Matrix Hemorrhage®™

Grades | Description
Grade| | Subependymal hemorrhage
Gradell | Intraventricular hemorrhage without dilatation

Grade Il | Intraventricular hemorrhage with dilatation

Grade IV | Intraventricular hemorrhage with parenchymal
extension

The overal incidence of hemorrhage was proved to be 44.6
% and 64.4 % in two different studies. These studies also
documented individual incidences of different grades which
were 52.4 and 40% for grade |, 30.9 and 11 % for grade I,
11.9 and 25.7 % for grade 111, 4.7 and 2.8% for grade I V.**
The ultrasound picture of grade | hemorrhage is echogenic-
ities noted in caudothalamic groove on sagittal scans and
inferolateral to frontal horns on coronal scans. Grade Il
hemorrhage is seen as echogenicitiesfilling the part or whole
of ventricleswhilein grade |11 thereis associated ventricular
dilatation. Grade 1V is ventricular hemorrhage associated
with adjacent infarction.*®

Cumulative incidence of germinal matrix-intraventricular
hemorrhage was proved to be 44.6 %* and 64.4 %*in two
different cohort studies which also mentioned individual
incidences of different grades with grade | being most
common and grade IV being least common in both studies.
However the former study appears to be better due to its
large sample size and description of the number of hemor-
rhages with relation to the gestational age of born infants.
Ultrasound appearance is of echogenic material in caudot-
halamic groove and within the ventricular system according
to different grades.

3. Cerebellar Haemorrhages:

Cerebellar injury is one of the frequent findings in neonates
born prematurely. Germinal matrix present along the fourth
ventricle adjacent to the cerebellum can undergo injury with
asimilar pathogenic mechanism asthat of the lateral ventricle
germinal matrix. Conventional sonograms with anterior
fontanelle are less accurate in the determination of cerebellar
hemorrhage however mastoid fontanelle view alows optimal
visualization and assessment of this pathology. Sonograph-
ically it is seen as echogenicity involving cerebellar hemi-
spheres or vermis with abnormal size or shape of the fourth
ventricle. Theincidence of cerebellar hemorrhages on cranial
sonograms is low as proved to be 9 %* and2.8 %*in two
different studies. Limperopoulos et al inthe former study
used a big sample size for a case-control study making it a
better incidence predictor than latter.

Disadvantages and futur e per spectives of cranial ultra-
sound:

Despite being highly sensitive for diagnosing most of the
brain injuries in preterm infants, cranial ultrasound still has
uncertainty concerning its use. The uncertainty is based

upon two factors, oneisinter-observer reliability and accuracy
becauseit is an operator-dependent technique. Second, there
areformsof braininjury not readily determined on ultrasound
using conventional or even supplemental views, like non-
cystic diffuse PVL, neuronal-axonal injuries and cerebellar
hemorrhages as already described.®

Considering these disadvantages of conventional ultrasound,
it is the need of hour to work on new aspects of three
dimensional ultrasonography which will help in opening
new horizons for prompt imaging of neural elements in
preterm neonates.* It will allow the imaging of entire brain
in single volumetric sweep with reconstruction of images
in multiple planes thus helping in visuaization of parenchy-
mal changes not easily visible on 2 D ultrasound. It also
helpsin rapid bed side scanning along with storage of data
for later manipulation in form of multi planar displays,
volume cal cul ations and tomographic images.® It was proved
in a study performed in California that the scanning time
with 3D ultrasound was less than conventional 2D imaging
along with better imaging results with three dimensional
ultrasound.*

Limitations:

Theliterature used for this article consisted of mainly review
articleswith few being randomized control trials and cohort
studies. Further, the sample size for most of the studieswas
small and limited to a population of some specific area
making them region biased studies and less accurate for
epidemiological analysis. Another major limitation was the
lack of any standardized quantification in most studies with
the use of subjective ultrasound findings for describing various
abnormalities which led to vivid interpretation of results.

CONCLUSION:

Cranid ultrasonography isaradiation free screening method
for imaging of neonatal brain which helpsin assessment of
anatomical variants as well as major pathological imaging
patterns. Considering inter observer accuracy difference and
limitations of two dimensional imaging, 3-D ultrasound is
anew aspect of prompt bed side neonatal brain imaging.
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