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Abstract

Background and Purpose: Many studies have explored the possibility of using cranial
ultrasound for discerning intracranial pathologies like tumors, hemorrhagic stroke, or sub-
dural hemorrhage in clinical scenarios where computer tomography may not be accessible
or feasible. The visualization of intracranial anatomy on B-mode ultrasound is challenging
due to the presence of the skull that limits insonation to a few segments on the temporal
bone that are thin enough to allow transcranial transmission of sound. Several artifacts
are produced by hyperechoic signals inherent in brain and skull anatomy when images are
created using temporal windows.

Methods: While the literature has investigated the accuracy of diagnosis of intracranial
pathology with ultrasound, we lack a reference source for images acquired on cranial
topography on B-mode ultrasound to illustrate the appearance of normal and abnormal
structures of the brain and skull. Two investigators underwent hands-on training in Cra-

nial point-of-care ultrasound (c-POCUS) and acquired multiple images from each patient
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to obtain the most in-depth images of brain to investigate all visible anatomical structures
and pathology within 24 hours of any CT/MRI imaging done.

Results: Most reproducible structures visible on c-POCUS included bony parts and
parenchymal structures. Transcranial and abdominal presets were equivalent in eluci-
dating anatomical structures. Brain pathology like parenchymal hemorrhage, cerebral
edema, and hydrocephalus were also visualized.

Conclusions: We present an illustrated anatomical atlas of cranial ultrasound B-mode
images acquired in various pathologies in a critical care environment and compare our

findings with published literature by performing a scoping review of literature on the

subject.

KEYWORDS

INTRODUCTION

During the past several decades, CT and MRI have become the
most common modalities for detection of intracranial pathology.
With emerging applications of point-of-care ultrasound in emergency
medicine and critical care, there has been an increasing interest in
exploring the use of cranial ultrasound in the evaluation of patients
with suspected brain injury in situations in which CT/MRl is either not
available or not feasible due to clinical reasons, such as patient insta-
bility. There have been investigations into the use of cranial ultrasound
in diagnosis of intracranial hemorrhage, subdural hemorrhage, hydro-
cephalus, tumors, and movement disorders, but there is currently no
standard reference to describe the normal or abnormal B-mode sono-
graphic appearance of the structures of the brain and skull. Our study
explores the topography of the brain on B-mode ultrasound in adult
critically ill patients and provides descriptive examples of the anatomi-
cal and pathological structures that can be visualized on B-mode cranial
ultrasonography. We hope the results of this study provide a pictorial
reference library of sonographic cranial topography to serve further
investigations in cranial ultrasound applications.

METHODS
Study design

After obtaining approval from Institutional Review Board
IRB0O0048743, we screened patients admitted to the neurocriti-
cal care unit from October 1, 2021 to May 12, 2022, the period when
research study enrollment was allowed by institutional guidelines
(Figure 1). Adult patients >18 years of age were prospectively enrolled
if they were able to receive a cranial ultrasound scan within 24 hours of
cross-sectional cranial imaging (CT or MRI) performed as part of rou-
tine evaluation and care for assessment of intracranial pathology. Our
previous exploratory study in 11 patients performed in 2020 formed

the basis of this study.! Two investigators (AO and SK) were trained

brain echography, cranial ultrasound, neuro-ultrasound, ultrasonography

in cranial ultrasound by a senior investigator (AS) by a didactic review
of intracranial anatomy and pathology. Hands-on scanning of three
healthy volunteers (AS, AO, and SK) to learn ultrasound-based cranial
anatomy and ultrasound acquisition technique was followed by five
supervised cranial ultrasound scans on critically ill patients performed
after reviewing patient’s CT/MRI images. Cranial ultrasound images
were then obtained by trained investigators (AO and SK) blinded to
patients’ CT scans and archived in QPath™ E (Telexy). Patients were
excluded from the study if the patient, bedside family, or nursing staff
declined an ultrasound scan, the patient had any penetrating head
trauma or skull defects that could affect ultrasound insonation,? and if
images could not be obtained within 24 hours of last or expected CT
or MRI imaging to ensure corresponding acute pathology was imaged.
Patients being evaluated for coronavirus disease 2019 (COVID-19)
or in contact precautions due to confirmed COVID-19 were also
excluded. Consent was obtained from the patient or their legally
authorized representative, in person or via DocuSign®. Investigators
also aborted scans if they perceived subjective patient discomfort or
agitation after initiation of the scan. The study recruitment period and
consents reflect the impact of pandemic-imposed research enrollment

restrictions.

Ultrasound imaging acquisition

Point-of-care ultrasound machines (Fujifilm, SonoSite® Xporte) avail-
able in the patient care unit utilizing a low-frequency 3-1 MHz phased
array probe (echo probe) were used to acquire B-mode images of the
brain via the temporal window on the transcranial and abdominal
presets. A point-of-care device was chosen for the study to reflect
the typical clinical scenarios for use of cranial ultrasound in which
traditional cross-sectional neuroimaging or advanced ultrasound
machinery is not available. Scans were conducted at the bedside
with the patient in supine positioning, with the head of the bed at 30
degrees from horizontal. During scanning, the probe is positioned on

the temple to align the line of insonation with an imaginary line from
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FIGURE 1 CUPIDICU flow diagram displaying the enrollment process. Screened patients from October 1, 2022 to May 12, 2022; paused
enrollment between October 7, 2022 and October 18, 2022; November 28,2021 and January 1, 2022; and March 15, 2022 and May 2, 2022, to
work through consents, conduct data analysis, and review images (CUPIDICU, cranial ultrasound for point of care intracranial hemorrhage
detection in patients in the intensive care unit; IVH, Intraventricular hemorrhage; IPH, intraparenchymal hemorrhage; SDH, subdural hemorrhage;

SAH, subarachnoid hemorrhage).

the lateral canthus of the eye to the tragus of the ear with index marker
pointed anteriorly. Image depth is adjusted until the opposite skull
is visualized. Once the skull is visualized, reflecting the presence of
temporal windows, the probe direction is then adjusted to visualize
the butterfly-shaped midbrain, allowing distinction of ipsilateral and
contralateral cerebral hemispheres. The probe is then directed further

anteriorly, posteriorly, superiorly, and inferiorly. Images depicting
discernible intracranial anatomy were captured on the transcranial
and abdominal preset on both sides of the brain. Any structures visible
as white or bright in comparison to the skull were labeled as “hypere-
choic” and any structure visible as gray or black compared to the skull

was labeled as “hypoechoic.” The total duration of each scan was 5-20
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minutes to image both the right- and left-side windows under both
presets.

Image analysis

All images acquired were compared post hoc with CT/MRI results to
elucidate cranial anatomy and pathology by study investigators (AO,
SK) and senior study investigators with training in neurocritical care
and neurosonology (AS) and neuroradiology (PB, JS) to corroborate

cranial topography.

Literature review

Independent investigators (BA, SK) performed a scoping review of
published literature according to Preferred Reporting Items for Sys-
tematic Reviews and Meta Analysis guidelines on electronic databases
PubMed, Cochrane, Embase, Scopus, Web of Science, and Cumula-
tive Index to Nursing and Allied Health Literature for English language
studies published between January 1990 and July 2021 comparing
B-mode transcranial ultrasound with conventional imaging (CT/MRI)
in adults or children. Studies were interrogated for medical sub-
ject headings (MeSH) terms: ultrasound, Doppler, transcranial, brain
ultrasound, ultrasonography, and cranial ultrasound. Neonatal trans-
fontanelle sonographic studies were excluded. Eligible publications
were reviewed for the description of any intracranial structures,
and representative images were retrieved. Study images were then
compared to images available in published literature.

RESULTS
Image analysis

During the enrollment period, 179 patients were screened, and 50
consented to participate. Of these, 7 patients had no temporal win-
dows (Figure 1). Patients tolerated the imaging well in our study, and
less than 5% of scans had to be aborted due to patient discomfort
or agitation. The most common reasons for ineligibility were inability
to obtain consent, lack of temporal windows, and overlying materi-
als (eg, head wraps, electroencephalogram leads, and surgical drains)
precluding sonographic imaging.

Several artifacts were visualized that created hyperechoic sig-
nals corresponding to known structures in brain and skull anatomy
described below. Anatomical landmarks, in general, were better iden-
tifiable on cine loops during dynamic imaging rather than saved
snapshots of B-mode images. Both the transcranial and abdominal pre-
set were equivalent in elucidating anatomical structures. Disabling
tissue harmonic imaging on abdominal presets allowed for better visu-
alization of anatomical structures. Contralateral cerebral hemispheric

structures were better visualized on B-mode ultrasound imaging due

to obscuration of ipsilateral structures related to artifacts produced by
the ipsilateral sphenoid wing.

Literature review

A total of 290 articles that described the selected MeSH terms were
identified in our literature review. After a detailed review, we selected
44 articles that described any intracranial pathology in comparison to
CT or MRl using B-mode ultrasound (Figure 2).

Topography of normal anatomical structures on
cranial ultrasound imaging

Below is an outline of the most discernible anatomical structures vis-
ible on B-mode imaging in patients with temporal windows and the

comparison with anatomical structures described in indexed literature.

Bony landmarks of the skull

The presence of temporal windows was discernible by the visualiza-
tion of opposite skull seen as a hyperechoic convex structure in most
patients (Figure 3). Many other anatomical structures were easily vis-
ible in patients as hyperechoic signals similar to the opposite skull and
are described below. We did not find any specific mention of bony
landmarks described in the literature upon our systematic review.

a. Opposite skull: a hyperechoic convex structure corresponding to
the curve of the skull. This landmark is used to confirm the presence
of temporal windows (Figures 3 and 5; Video S1)

b. Frontal bone: visualized by moving the probe anteriorly after
confirming the presence of temporal windows (Figure 4; Video S1)

c. Occipital bone: hyperechoic structure—visualized by moving the
probe posteriorly toward patient’s occiput (Figure 5; Video S2)

d. Ipsilateral convex ridge: hyperechoic artifact produced by lesser
wing of the sphenoid and petrous part of the temporal bone ipsilat-
eral to the temporal windows closest to the probe (Figure 3; Videos
S3 and S5). This landmark defines the ipsilateral middle cranial
fossa.

e. Contralateral convex ridge: hyperechoic artifact created by lesser
wing of the sphenoid and petrous part of the temporal bone con-
tralateral to the temporal windows (Figures 3 and 6; Videos S3 and
S5). This landmark defines the contralateral middle cranial fossa.

f. Clivus with anterior clinoid processes visible as two hyperechoic
spots on either side of the midline near the midbrain (Figure 3;
Video S3).

g. Orbital fossa: visible inferiorly near frontal bones as a round
structure on either side of the midline (Figure 7).

h. Ridge in the occipital bone that marks the location of the transverse

venous sinus (Figure 8).
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Intracranial Pathology Scoping Review: Table

Identification of studies via databases and registers

Identification of studies via other methods***
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Records identified from: Records removed before
c Total (n = 3432) screening:
-% g:}'\(‘:ﬁ;hén(::zg) Duplicate records removed (n Records identified from:
= Embase (n = 1450) > 254 - PubMed (n =2)
k=1 B Records marked as ineligible Organisations (n = 0)
S Pubmed (n = 1397) by automation tools (n = 0) Citation searching (n = 0)
= Scopus (n = 143) Records removed for other
Web of Science (n = 166) reasons (n = 0)
—
— i
Records screened »| Records excluded*
(n =2886) (n =2585)
Reports sought for retrieval »| Reports unrelated pathology** Reports sought for retrieval _ | Reports not
(n =301) " (nz2) (n=2) »| retrieved
(n=0)
l l
o
o o Reports excluded: o
8 ReEons assessed for eligibility > No CT or MRI No (n = 102) Reports assessed for eligibility ., Reports excluded:
(n =299) No measure of effect (n = 57) (n=2) (n=0)
Abstract only (n = 27)
Not in English (n = 17)
No B-mode US (n = 16)
Case report (n = 8)
No intracranial pathology (n =
8)
Wrong study population (n =
8)
Review paper (n = 5)
L J Letter to author (n = 3)
Full text not retrievable (n =
2)
v Post-mortem study (n = 2)
— o . . Book chapter (n = 1)
Studies included in review Duplicate record (n = 1)
2 (n=42) P
= Studies added from additional <
E search (n = 2)
= Total studies included (n = 44)
—
Inclusion criteria Exclusion criteria
1. Studies published between January 1990 and July 1. Case reports and case series with < 4 patients,
2021. review papers, studies not written in English, study
2. Study designs include randomized controlled populations including neonates with fontanelle
trials, comparative cohort studies, case-control studies, windows, postmortem studies, transfontantelle
case series with > 3 patients, and cross-sectional disorders, germinal matrix hemorrhages, skull disorders,|
studies. and grey literature (non-peer reviewed e.g., conference
3. Imaging methods including B mode cranial abstracts and book chapters).
ultrasound through the temporal window in addition to 2. Studies were additionally excluded if only Doppler
MRI, CT, single-photon emission computed tomography studies were performed, if a gold standard imaging was
(SPECT), or positron emission tomography (PET) of the not performed, or if transcranial B mode ultrasound was|
head. not performed.
4.  Subjects with intracranial, parenchymal, 3. Studies that did not report a measure of effect
nonvascular pathology confirmed by MRI, CT, SPECT, or were excluded.
PET of the head.
5. Study subjects including children, adolescents, or
adults without fontanelle ultrasound windows.

FIGURE 2

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta Analysis) diagram demonstrating the study selection

process (n, number of studies; CINAHL, Cumulative Index to Nursing and Allied Health Literature; US, ultrasound)

Brain

b.
Brain parenchymal details in general were not distinguishable and
appeared as a hypoechoic signal without much distinction between
sulci and gyri, white or gray matter. The following structures were [
reproducibly discernible on B-mode imaging in our study:

d.
a. Midbrain: easily visible structure located in the center of the cra-

nium in the shape of a butterfly with wings representing the e.

peduncles (Figures 3, 6, and 9; Video S3). We found 15 publications

that describe midbrain or brainstem landmarks.3-1?

Basal cisterns: hyperechoic signals in cisterns around the midbrain
with signal intensity lower than bone when compared to opposite
skull*?20 (Figures 3 and 9).

Falx cerebri: hyperechoic line in the middle of the cranium toward
the frontal bone with probe pointed superiorly? (Figures 4, 5,and 9).
Thalami: visible as two bean-like structures on moving the probe
superior to the midbrain’-172122 (Figures 5 and 12; Video Sé).
Cerebral aqueduct: a dot-like hyperechoic structure within the

posterior end of the midbrain (Figures 9 and 10).
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FIGURE 3 Cranial ultrasound image showing opposite skull (white arrows), ipsilateral convex ridge produced by lesser wing of the sphenoid
bone and petrous part of the temporal bone (orange arrows), midbrain (butterfly-shaped blue structure), and clinoid processes (blue dots).
Contralateral brain parenchyma is better visualized compared to ipsilateral parenchyma. Trailing bright signal below the midbrain with
hyperechoic signals resembling signals produced by a hemorrhage (blue arrow)

P19xp/5-1 Transcranial
TiC.24

P19xp/5-1 Transcranial
M15 M1 15 TIC. 24

FIGURE 4 Cranial ultrasound image showing opposite skull frontal bone (white arrows) and falx cerebri (blue arrows) in areas of frontal bone
as hyperechoic structure
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Gen' DR:0
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FIGURE 5 Cranial ultrasound image showing opposite skull (white arrows) and falx cerebri (orange arrows) in area of occipital bone as
hyperechoic structure. The center of the cranium shows two bean-shaped structures (blue) corresponding to the thalami. Trailing bright signal
below the midbrain with hyperechoic signal resembling signals produced by a hemorrhage (blue arrows)

f. Calcified choroid plexus: visible as three spaced hyperechoic signals
9

h. Third ventricle: often visible as two parallel lines sometimes pul-

with the appearance of “a spaceship” in the middle of the cranium
(Figure 11; Video S2).
g. Lateral ventricles: two anechoic structures visible in the temporal
or frontal lobes surrounded by hyperechoic margins.141721.23-26
One publication described measuring the diameter of lateral ven-

tricle in the coronal planes?” (Figure 11; Video 52).

sating in the vicinity of midbrain with probe pointed superiorly
and anteriorly (Figure 12; Video Sé). Eight other publications
have described the appearance of third ventricle on cranial
ultrasound as an anechoic area surrounded by two hyperechoic

margins observed by tilting the probe 10° up after identification of
midbrain.37.9:10,14,17,21,28
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FIGURE 6 Cranial ultrasound image
showing contralateral convex ridge produced
by the greater wing of the sphenoid bone and
petrous part of the temporal bone (orange
arrows), midbrain (butterfly-shaped structure)
(blue arrow), and opposite skull (white arrows)

19xp/o-1 Iranscranial
M15 TIC 24

FIGURE 7 Cranial ultrasound image showing orbital fossa cavity (blue arrows)
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FIGURE 8 Cranial ultrasound showing opposite skull (white arrows) and ridge (blue arrows) in the occipital bone marking the transverse

venous sinus location

70cm

2D: ¢:%0
Gen' DR:0

P19xp/5-1 Transcranial
ML 15 TIC: 2.3

P19xp/5-1 Transcranial

FIGURE 9 Cranial ultrasound image showing falx cerebri (orange arrows), opposite skull (white arrows) with midbrain (blue butterfly-shaped
structure), and cerebral aqueduct (orange dot). Contralateral brain parenchyma is better visualized compared to ipsilateral parenchyma. Basal
cisterns: Ambient and quadrigeminal cisterns demonstrate hyperechoic signals relative to the adjacent midbrain (blue arrows).
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FIGURE 10 B-mode cranial ultrasound image showing no distinguishing features of ischemic stroke with normal appearance of architecture
of the brain with attached CT showing changes consistent with ischemia. The opposite skull (white arrows) with midbrain (blue butterfly-shaped

structure) and cerebral aqueduct (orange dot) can be visualized.
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Transcranial

FIGURE 11 Cranial ultrasound image showing lateral ventricles as Y-shaped structure with choroid plexus visible (three orange square dots)

with the opposite skull (white arrows)
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FIGURE 12 Cranial ultrasound displaying normal appearance of third ventricle (orange lines) and bean-shaped structures (blue)

corresponding to the thalami
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FIGURE 13 Cranial ultrasound image showing hyperechoic pineal gland (blue arrow) but no distinct appearance of encephalomalacia when

compared with the corresponding CT head

i. Pineal gland: a small dot-like structure in the center of the brain
posterior to the midbrain. It is described as an echogenic structure
in the dorsal part of the third ventricle. Both publications com-
pared pineal glands in normal volunteers with pineal gland cysts in
patients? 10 (Figure 13).

j. Basal ganglia: deep brain structures such as internal capsule,
lentiform nucleus, and caudate nucleus were in general not dis-
tinguishable on B-mode ultrasound using point-of-care devices.
Twenty-one publications have described visualization of substan-

tia nigra®47:8:11-13,17,19-22.24.28-35. iy manuscripts have described

basal ganglia visualization.31214.16.17.20

Artifacts

In addition to the above anatomical landmarks, the following repro-
ducible hyperechoic artifacts were identified in multiple scans. This is
important to recognize due to their appearance as possible intracranial

hemorrhage mimics:

a. Hyperechoic shadows between the midbrain and opposite skull in
line of insonation (midbrain acoustic shadow): these may mimic
hyperechoic signals produced by a hemorrhage (Figures 3 and 5).

b. Hyperechoic signals parallel to the occipital bone caused by thick
skull ridges in the posterior fossa: these may mimic hyperechoic

signals produced by a hemorrhage (Figure 8).

Topography of abnormal or pathological structures
on cranial ultrasound imaging

Below is an outline of the most discernible pathological structures vis-
ible on B-mode imaging in patients with temporal windows and the
comparison with intracranial pathology described in indexed litera-

ture.

a. Ischemic stroke: not discernible and could not be distinguished
distinctly from the rest of the brain parenchyma. We could not dis-

cern encephalomalacia on ultrasound, either (Figures 10 and 13).

Published literature described the appearance of ischemic stroke
similar to normal brain parenchyma with detection of reversal of
blood flow using Doppler superimposed with B-mode imaging. No

description of encephalomalacia on ultrasound was found in our
review.1825.27,36

. Intracerebral/parenchymal hemorrhage: visualized as a hypere-

choic signal reproducible in multiple planes by rocking the probe in
anteroposterior and cranial-caudal directions at a location where
no other anatomical hyperechoic signal was expected (Figure 14;
Video S4). Upper brainstem and supratentorial hemorrhage could
be visualized. Lower brainstem and cerebellar hemorrhage could
not be visualized by ultrasound. Petechial hemorrhages in gen-
eral could not be discerned with certainty. Calcifications were
discernible from hemorrhage by their echogenicity matching bone
more closely with silver crisp white appearance (Figure 14). A total
of 15 publications have described the visualization of intracerebral

hemorrhage 23,25,26,36-48

. Intraventricular hemorrhage: visualized as a hyperechoic signal

in the expected third ventricular location. The appearance of the
choroid plexus in the lateral ventricles, in general, created an
appearance that could mimic the appearance of hemorrhage but
the symmetrical nature of the choroid plexus on each side of the
midline with a shape resembling “spaceship” helped distinguish the
two (Figure 15). We found no references describing intraventricular

hemorrhage in the adult brain and pediatric cases with intact skulls.

. Subarachnoid hemorrhage (SAH) and intracranial aneurysms could

not be visualized for identification on cranial ultrasounds in our
study, although 3 patients scanned in our study have coiled or
clipped aneurysms. Only one published study showed visualization
of SAH with ultrasound.?’

. Subdural hematoma: described as hypoechoic fluid collection sur-

rounding the brain parenchyma within skull margins was not
well appreciated in our study despite 4 patients scanned in our
study having subdural hematoma on corresponding CT scans3849:50

(Figure 16).

. Epidural hematoma: hypoechoic fluid collection surrounding the

brain parenchyma has been described in one published study.38°1

We did not have any patients with epidural hematoma in our

enrolled study population.
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FIGURE 14 Cranial ultrasound image showing intracerebral hemorrhage as region of increased echogenicity (blue arrows), opposite skull
(white arrows), and falx cerebri (orange arrows) with the corresponding CT for comparison
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FIGURE 15 Cranial ultrasound image showing intraventricular hemorrhage with intracerebral hemorrhage as region of increased
echogenicity (blue arrows) with the corresponding CT for comparison

. Tumors: visualized as well-defined round structures indistinguish-
able from hemorrhage. They are described as hyperechoic lesions
with an inhomogeneous echotexture depending on the nature of
the tumor (Figure 17).4452-35

. Hydrocephalus: visible as widened third ventricular margins on cra-
nial ultrasound. We were able to visualize enlarged third and lateral
ventricles on 1 patient but overall experienced low sensitivity in
capturing hydrocephalus, especially involving the lateral ventricles

(Figure 18).2744

i. White matter disease and cerebral edema were variably visible

as hyperechoic signals and did not have identifying characteristics
distinguishing the two. We found five publications that described
cerebral edema. We found only one study that showed a sensitivity
of diagnosing cerebral edema as visualized by an inability to distin-

guish diencephalic structures.?” Other four studies showed a lack

of ability to diagnose distinguishing features of cerebral edema by
cranial ultrasound.2>36:37:46

j. External ventricular drainage catheter-related signals visualized as
two parallel lines distinct in their appearance as nonphysiological
structures.”®

k. Pneumocephalus: we could not visualize any distinct characteristics
on B-mode ultrasound that allowed the distinction of pneumo-

cephalus from the rest of the cranial structures.

DISCUSSION

The visualization of intracranial anatomy on B-mode ultrasound is
challenging due to the presence of the skull, but thin parts of the

temporal bone allow transcranial insonation of the brain in a majority
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of patients. For patients who do not have temporal windows, several
anatomical and pathological structures are distinguishable by their
specific appearance in relation to shape, boundary, and anatomical
locations. Various abnormal pathologies are also discernable by their
echogenicity and abnormal locations.

Multiple prior studies have compared the sensitivity of cranial ultra-
sound in assessing hemorrhage,232>:26.36-48 stroke, 2> or tumor.44°2-°
However, there is no standard reference resource for cranial topog-
raphy to outline the appearance of normal and abnormal structures
of the brain on B-mode imaging. We provide a descriptive review of
the topography of the normal and abnormal brain with illustrative
images of different structures visible on B-mode cranial ultrasound in

the critically ill population. We also provide comparative references

Cranial ultrasound displaying thalamic tumor (blue arrows) that has similar appearance to hemorrhagic stroke (false positive) with

in published literature describing normal and abnormal structures in
the brain across a wide range of emergency pathologies. This pictorial
library of ultrasound-based anatomy and pathology with the corre-
sponding CT images can guide the design of future studies to assess the
accuracy of cranial ultrasound.

Despite our intention to create an exhaustive resource for cranial
ultrasound images, we recognize several limitations in our study, most
notably small sample size. We did not capture the natural history of
intracranial pathology by comparing serial scans for each diagnosis.
Acute intracranial pathologies such as cerebral abscess, cerebritis,
metabolic encephalopathies, and posterior reversible encephalopathy
syndrome, among others, were not able to be captured since serial

neuroimaging is not common in these scenarios in the acute period.
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FIGURE 18 Cranial ultrasound image showing enlarged lateral ventricles in a patient with hydrocephalus with corresponding CT head.
Dilated third ventricle (orange arrow) and choroid plexus visible inside the temporal horn of lateral ventricle (white arrow) can be seen. Dilated

lateral ventricles (blue arrows) can be seen close to the vertex.

For each diagnosis, a full range of pathological variety in terms of size,
location, and types was not captured due to limited sample size. Our
study is limited by restriction to critically ill population and the use of
point-of-care ultrasound devices, which typically may result in lower
resolution images. The use of advanced diagnostic machines may

render higher resolution images and elucidate more structures with

better anatomical detail. Since the settings of most point-of-care appli-
cations of cranial ultrasound are likely to be neuro-emergencies not
amenable to CT and MRI due to patient location or clinical condition,
we felt the use of point-of-care machines appropriate to represent
the topography and description of what could be visualized by similar

machines available in such scenarios.
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Despite the limitations of insonation restricted to temporal win-
dows, low image resolution with point-of-care devices, and difficulties
inherent to critically ill population, cranial ultrasound can be a useful
neuroimaging adjunct when temporal windows are present and tradi-
tional CT or MRI imaging is inaccessible. This image library can be a
useful reference for future studies investigating the utility of cranial

ultrasound in various clinical applications.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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