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Abstract

Background While neonatal brain US is emerging as an imaging modality with greater portability, widespread availability
and relative lower cost compared to MRI, it is unknown whether US is being maximized in infants to increase sensitivity in
detecting intracranial pathology related to common indications such as hemorrhage, ischemia and ventriculomegaly.
Objective To survey active members of the Society for Pediatric Radiology (SPR) regarding their utilization of various
cranial US techniques and reporting practices in neonates.

Materials and methods We distributed an online 10-question survey to SPR members to assess practice patterns of neonatal
cranial US including protocol details, use of additional sonographic views, perceived utility of spectral Doppler evaluation,
and germinal matrix hemorrhage and ventricular size reporting preferences.

Results Of the 107 institutions represented, 90% of respondents were split evenly between free-standing children’s
hospitals and pediatric departments attached to a general hospital. We found that most used template reporting
(72/107, 67%). The anterior fontanelle approach was standard practice (107/107, 100%). We found that posterior
fontanelle views (72% sometimes, rarely or never) and high-frequency linear probes to evaluate far-field structures
(52% sometimes, rarely or never) were seldom used. Results revealed a range of ways to report germinal matrix
hemorrhage and measure ventricular indices to assess ventricular dilatation. There was substantial intra-institutional
protocol and reporting variability as well.

Conclusion Our results demonstrate high variability in neurosonography practice and reporting among active SPR members,
aside from the anterior fontanelle views, template reporting and linear high-resolution near-field evaluation. Standardization
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of reporting germinal matrix hemorrhage and ventricular
size would help ensure a more consistent application of neo-
natal US in research and clinical practice.

Keywords Brain - Neonate - Neurosonography - Pediatric
radiologists - Reporting - Society for Pediatric Radiology -
Survey - Ultrasound

Introduction

The portability, widespread availability and relative lower
cost of US compared to MRI optimize its utility as an imag-
ing tool for the neonatal brain. The anterior fontanelle
serves as an acoustic window in this age group and typi-
cally closes over widely variable ages by 24 months of age
[1, 2]. Additional acoustic windows are used in neonates,
providing more optimized views of specific anatomy. Con-
ventional gray-scale US allows for anatomical detection of
major intracranial pathologies while color and spectral Dop-
pler US permit the assessment of macrovascular alterations
accompanying intracranial pathologies.

Common indications for use of sonographic evaluation
of the infant brain include screening for germinal matrix
hemorrhage in premature infants, an abnormal increase
in head circumference, ventriculomegaly, suspected
hypoxic—ischemic injury and surveillance of known abnor-
malities, among others [3, 4]. In the setting of suspected
hypoxic—ischemic injury, US can demonstrate the initial,
subtle accentuation of the parenchymal gray—white differ-
entiation, potentially leading to early diagnosis and manage-
ment [3]. Head US is often performed in infants to estab-
lish a baseline before surgery or prior to the initiation of
support therapies including hypothermia or extracorporeal
membrane oxygenation (ECMO). Sonography can subse-
quently be used during ECMO to evaluate for hemorrhage
or ischemia. Neurosonography can also readily assess for
ventriculomegaly in infants who present with enlarging head
circumference and increased intracranial pressure, and can
be used to monitor ventricular size after shunt therapy. Vas-
cular abnormalities such as a vein of Galen malformation
and cerebral venous sinus thrombosis are readily evaluated
using gray-scale imaging with the addition of color Doppler.

The American College of Radiology (ACR), American
Institute of Ultrasound in Medicine (AIUM), Society for
Pediatric Radiology (SPR) and Society of Radiologists in
Ultrasound (SRU) have jointly published practice parameters
for the performance of cranial US in the neonatal and infant
brain. We surveyed active members of the SPR to quantify
how frequently particular recommendations are used in clin-
ical practice. Although cranial US is used to assess a wide
range of clinical pathologies, we hypothesized that some US
views are underutilized even though they have been shown
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to increase sensitivity in detecting intracranial pathology
related to common indications for the examination. In addi-
tion, we sought to reveal any variability in the practice and
reporting of intraventricular hemorrhage, spectral Doppler
and ventricular indices.

Materials and methods

Members of the SPR Committee on Neonatal Imaging cre-
ated a 10-question survey and submitted it to staff at the
SPR for review, edits and eventual approval. We created
the survey using SurveyMonkey (Momentive Inc., San
Mateo, CA) and sent it via email to all active SPR mem-
bers, allowing 1 month of time for completion and sending
one reminder 2 weeks after the initial survey email. Sur-
veys were sent to 1,183 members, with 151 completing the
survey (13% response rate). The survey was anonymous
apart from an option for respondents to list their clinical
institution of practice and their email address for clarifica-
tion of answers, if needed, by the authors.

The survey consisted of multiple-choice questions, ordi-
nal scale responses, “check all that apply” responses, and
an option for free-text responses (Online Supplementary
Material 1). SPR staff collected survey answers, compiled
results in Excel (Microsoft, Redmond, WA), and sent the
results back to members of the neonatal imaging com-
mittee for analysis. Institutional consensus was defined
as more than half of responses conforming to a single
multiple-choice answer or a majority of answers within
1 numeric score of one another on the ordinal scale. If
there was institutional consensus for a given survey ques-
tion, this answer was counted toward the total. If there was
no institutional consensus, no answer was recorded for a
given question for that institution.

Results

A total of 1,183 survey invitations were sent, of which
620 were opened and 151 completed, resulting in the final
response rate of 13% (151/1,183). Of the 107 institutions
represented, 90% of respondents were split evenly between
free-standing children’s hospitals (50/107, 47%) and pedi-
atric departments attached to a general hospital (46/107,
43%), meaning the pediatric hospital shares resources
with an adult medical center. A small percentage (3/151,
2%) from separate institutions reported working at a com-
munity outpatient imaging center. Ten of 151 (7%) respond-
ents, two of whom were from the same institution, answered
other, with 6 describing practices associated with a larger
medical center and/or adult hospital, 2 a military hospital, 1
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Table 1 Practice setting and

A Primary practice setting
template reporting — responses

Template reporting

per institution Yes No
Free-standing children’s hospital 50/107 (47%)  31/50 (62%) 19/50 (38%)
Pediatric department attached to general hospital ~ 46/107 (43%)  35/46 (76%) 11/46 (24%)
Community outpatient imaging center 3/107 (3%) 1/3 (33%) 2/3 (66%)
Other 8/107 (7%) 5/8 (63%) 3/8 37%)
Total 72/107 (67%) 35/107 (32%)

a pediatric teleradiology service, and 1 a community hospi-
tal (Online Supplementary Material 2). Two-thirds of insti-
tutions (72/107, 67%) utilized template reporting for cranial
US. Table 1 summarizes the distribution of imaging practice
types and frequency of template reporting.

The utilization of various views, including institutional
consensus, is summarized in Table 2. Nearly all institu-
tions (106/107, 99%) always used still images and a large
majority (75/107, 70%) always used cine loops as part
of the standard examination. All institutions (107/107,
100%) reported using the anterior fontanelle approach as
standard practice. Slightly more than half of the respond-
ents (57/107, 53%) also reported using the mastoid view
as standard. An additional third of respondents (30/107,
28%) frequently employed this view. Only a quarter of
respondents (27/107, 25%) always or frequently used the
posterior fontanelle approach. The transtemporal approach
was rarely or never used by most respondents (73/107,
68%). No respondents reported using the foramen magnum
approach as a standard technique and more than half never
used this approach (57/107, 53%).

Table 3 presents a more in-depth analysis of how the
posterior fontanelle view was used by our respondents, with
about one-quarter reporting that it improves the detection
of intraventricular hemorrhage and nearly a fifth indicating
that it improves the detection of choroid plexus pathology
and white matter injury. Thirty-eight percent indicated that
it improves the diagnosis of tentorial abnormalities. There
was moderate institutional consensus on the utility of the
posterior fontanelle views, with 17/24 (71%) demonstrating
consistency in its use among respondents from each individ-
ual institution; over a quarter of institutions had inconsistent
utilization of the posterior fontanelle view among colleagues
in the same practice.

A majority of institutions reported using high-resolu-
tion linear probe near-field evaluation always or frequently
(78%), but only half of respondents used far-field evaluation
with a liner transducer always or frequently (48%) (Table 2).
Table 4 presents specific pathological indications for using
the linear high-resolution probe, with the vast majority of
those who used linear high-resolution evaluation finding
it most helpful for pathology in extra-axial spaces (81%).
This use had good institutional consensus (87.5%). These

views were variably used to image deeper pathology, with
just under half of respondents evaluating for white matter
injury or assessing germinal matrix hemorrhage with the
linear probe (Table 4).

About half of institutions represented by these survey
responses used arterial spectral Doppler techniques for
neonatal neurosonography (Table 5). Of these, about a fifth
reported arterial indices with trends (22/107, 21%) or indices
with reference values (22/107, 21%) rather than velocities.
Just over a third used spectral Doppler to assess venous sinus
thrombosis (38/107, 36%), with slightly fewer using it to
evaluate hypoxic—ischemic injury (28/107, 26%). Over half
(63/107, 59%) of respondents reported that they were “not
sure” of how spectral Doppler assists in patient management.

Regarding germinal matrix hemorrhage reporting, more
than half of respondents (59/107, 55%) reported grading
germinal matrix hemorrhages on the initial study only and
reporting descriptive changes on follow-up examinations
(Table 6). About a quarter (29/107, 27%) re-graded with each
follow-up US, and a small percentage (7/107, 7%) reported
describing germinal matrix hemorrhages without grading.

Table 7 summarizes reporting trends in ventricular size.
Half of institutions reported using sonographic indices (54/107,
50%), with the bifrontal horn diameter index being the most
commonly used (30/107, 28%). There was very little inter- or
intra-institutional consensus in ventricular size reporting.

There was relative intra-institutional concordance on US
views (Table 2) and the use of a high-resolution linear probe
to evaluate the extra-axial spaces (Table 4), but very little
agreement within institutions regarding the utility of imag-
ing through the posterior fontanelle (Table 3) and the use of
spectral Doppler (Table 5). More than half of institutions
were in agreement about grading germinal matrix hemor-
rhage on the first US only and reporting descriptive changes
on follow-up (Table 6). About one-third were in agreement
to re-grade germinal matrix hemorrhage on follow-up US.

Discussion
Brain US plays a crucial role in the screening and neu-

romonitoring of infants for whom repeated use of advanced
imaging tools such as CT or MRI might not be desirable
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Table 2 Sonographic views by institution type

View Always Frequently Sometimes ~ Rarely Never No Reply Concordance

Still images 106/107 99%) 1/107 1%) 0% 0% 0% 24/24 (100%)
Free-standing 49/50 (98%) 1/50 2%) 18/18 (100%)
Attached 46/46 (100%) 6/6 (100%)
Other 11/11 (100%)

Cine loops 75/107 (70%) 177107 (16%) 12/107 (11%) 2/107 (2%) 1/107 (1%) 22/24 (92%)
Free-standing 36/50 (72%) 7/50 (14%)  5/50 (10%) 1/50 (2%) 1/50 (2%) 16/18 (89%)
Attached 33/46 (72%) 8/46 (17%) 4146 (9%) 1/46 (2%) 0 6/6 (100%)
Other 6/11 (55%) 2/11 (18%)  3/11(27%) O 0

Anterior fontanelle approach 107/107 (100%) 0% 0% 0% 0% 24/24 (100%)
Free-standing 50/50 (100%) 18/18 (100%)
Attached 46/46 (100%) 6/6 (100%)
Other 11/11 (100%)

Mastoid view 57/107 (53%)  30/107 28%) 7/107 (7%)  5/107 (5%)  4/107 (4%) 4 20/24 (88%)
Free-standing 26/46 (57%) 15/46 (33%) 1/46 (2%) 2/46 (4%) 2/46 (4%) 14/18 (83%)
Attached 27146 (57%) 11/46 24%) 6/46 (13%)  2/46 (6%) 0 6/6 (100%)
Other 4/11 (36%) 4/11 36%) O 1/11 (9%) 2/11 (19%)

Posterior fontanelle approach 12/107 (11%) 15/107 (14%) 26/107 (24%) 33/107 (31%) 9/107 (8%) 12 17724 (71%)
Free-standing 5/45 (11%) 5/45 (11%) 11/45 24%)  18/45 (40%) 6/45 (14%) 13/18 (61%)
Attached 6/39 (15%) 9/39 (23%) 14/39 36%) 10/39 (26%) O 5 4/6 (100%)
Other 1/11 (9%) 1/11 (9%) 1/11 (9%) 5/11 (46%)  3/11 (27%)

Transtemporal approach 8/107 (7%) 3/107 (3%) 18/107 (17%) 32/107 (30%) 41/107 (38%) 5 19/24 (79%)
Free-standing 2/46 (4%) 2/46(4%) 10/46 (23%) 13/46 28%) 19/46 (41%) 4 14/18 (78%)
Attached 4/45 (9%) 1/45 2%) 5/45 (11%) 18/45 (40%) 17/45 (38%) 1 5/6 (83%)
Other 2/11 (18%) 0 3/11 (27%) 1/11 (10%)  5/11 (45%)

Foramen magnum approach 3/107 (3%) 10/107 9%) 35/107 (33%) 57/107 (53%) 2 24/24 (79%)
Free-standing 0 0 4/48 (8%) 12/48 24%) 32/48 (60%) 2 18/18 (78%)
Attached 1/46 2%) 3/46 (7%) 18/46 (39%) 24/46 (52%) 6/6 (83%)
Other 0 2/11 (18%)  3/11 (36%)  5/11 (45%) 1/11 (9%)

High-resolution linear probe near- 59/107 (56%)  23/107 (22%) 20/107 (19%) 2/107 2%) 1/107 (1%) 24/24 (100%)

field evaluation
Free-standing 30/48 (63%) 6/48 (12%) 12/48 (25%) O 0 2 18/18 (100%)
Attached 21/46 (46%) 15/46 (33%) 7/46 (15%)  2/46 (4%) 1/46 (2%) 6/6 (100%)
Other 8/11 (72%) 2/11 (18%) 1711 (10%) 0 0

High-resolution linear probe far-field  30/91 (33%) 15/91 (16%) 22/91 (24%) 8/91 (9%) 18/91 (20%) 12/24 (50%)

evaluation
Free-standing 12/41 (28%) 5/41(12%) 10/41 23%) 6/41 (14%) 10/41 23%) 1 10/18 (50%)
Attached 15/39 (38%) 7/39 (18%) 10/39 (26%)  2/39 (5%) 5/39 (13%) 5 4/6 (100%)
Other 3/11 27%) 3/11 27%)  2/11(19%) O 3/11 27%)

Color Doppler for vessel patency 37/107 (35%) 13/107 (12%) 27/107 (25%) 21/107 (20%) 9/107 (8%) 24/24 (83%)
Free-standing 28/50 (56%) 9/50 (18%) 8/50 (16%)  5/50 (10%) O 18/18 (100%)
Attached 8/46 (17%) 3/46 (7%) 15/46 (33%) 12/46 (26%) 8/46 (17%) 6/6 (100%)
Other 1/11 (9%) 1/11 (9%) 4/11 (36.5%) 4/11 (36.5%) 1/11 (9%)

Spectral Doppler for velocity, wave-  19/107 (18%) 10/107 9%) 29/107 27%) 25/107 (23%) 18/107 (17%) 6 18/24 (75%)

form analysis, and/or resistive index

measurement
Free-standing 10/44 (23%) 6/44 (14%) 10/44 (23%) 9/44 20%)  9/44 (20%) 6 12/18 (67%)
Attached 8/46 (17%) 3/36 (8%) 15/46 (32%) 12/46 (26%)  8/46 (17%)
Other 1/11 (9%) 1/11 (9%) 4/11 (36.5%) 4/11(36.5%) 1/11 (9%)

@ Springer
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Table 3 What is your opinion
on the use of imaging through

# of responses/total institutions of that type

Institutional consensus

the posterior fontanelle? (check Improves detection of intraventricular hemorrhage 27/107 (25%) 4/24 (17%)
all that apply) Free-standing 9/50 (18%) 1/18 (6%)

Attached 13/46 (28%) 3/6 (50%)
Other 5/11 (45%)

Improves detection of choroid plexus pathology 20/107 (19%) 3/24 (12.5%)
Free-standing 11/50 (22%) 1/18 (6%)
Attached 7/46 (15%) 2/6 (33%)
Other 2/11 (9%)

Improves detection of white matter injury 25/107 (18%) 2/24 (8%)
Free-standing 13/50 (26%) 2/18 (11%)
Attached 11/46 (24%) 0/6
Other 1/11 9%)

Improves diagnosis of tentorial abnormalities 41/107 (38%) 7124 (29%)
Free-standing 18/50 (36%) 7/18 (39%)
Attached 17/46 (37%) 0/6
Other 6/11 (54%)

I do not routinely use this technique or rarely find it useful 23/107 (21%) 5/24 (21%)
Free-standing 13/50 (26%) 3/18 (17%)
Attached 19/46 (41%) 2/6 (33%)
Other 1/11 (9%)

Table4 If your primary site of practice routinely includes linear
high-resolution evaluation, in which clinical situations do you feel
that it adds to or clarifies exam interpretation? (check all that apply)

# of responses/total institutions of that type  Institutional consensus

Pathology in extra-axial 87/107 (81%) 21/24 (87.5%)

spaces
Free-standing 41/50 (82%)  17/18 (94%)
Attached 37/46 (80%)  4/6 (67%)
Other 9/11 (81%)

White matter injury 52/107 (49%) 9124 (37.5%)

Free-standing 24/50 (48%)  7/18 (39%)
Attached 23/46 (50%) 2/6 (33%)
Other 5/11 (45%)

Germinal matrix/intraven-
tricular hemorrhage

53/107 (42%) 10/24 (42%)

Free-standing 22/50 (44%)  8/18 (44%)
Attached 23/46 (50%) 2/6 (33%)
Other 8/11 (73%)

Other 6/107 (6%) 0
Free-standing 5/50 (10%)
Attached 1/46 2%)
Other 0

None of the above 6/107 (6%) 0
Free-standing 4/50 (8%)
Attached 2/46 (4%)
Other 0

because of concerns of radiation, sedation and transport.
Brain US is portable, less expensive than cross-sectional
studies, and conveniently performed at the bedside. Our SPR
neurosonography practice survey results demonstrate that
while the institutions share some common practice algo-
rithms, protocols could be more standardized within and
across practices.

In terms of the scan protocol, published guidelines [1]
recommend that images be acquired in the coronal and sagit-
tal planes by sweeping through the anterior fontanelle from
anterior to posterior and, as expected, most survey respond-
ents used coronal plane imaging. The anterior fontanelle is
the largest and the most accessible to use in a supine neo-
nate, and has been highlighted as an acoustic window in this
population for decades [5—7]. However, only half of survey
respondents always used the mastoid view. This view is rec-
ommended to visualize posterior fossa structures [1, 8—10].
It is more technically challenging to obtain these views than
through the anterior fontanelle, particularly in neonates who
are intubated or have jugular lines or ECMO cannulas that
limit positioning of the neck.

The posterior fontanelle approach is even less frequently
used than the mastoid view, with only about a quarter of
institutions using this view routinely. The guidelines mention
the view through the posterior fontanelle, but do not high-
light any particular application for this view. However, the
literature has shown that the posterior fontanelle approach
can improve the identification of intraventricular hemor-
rhage by better delineating periventricular white matter

@ Springer
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Table 5 Spectral Doppler utilization — institution-specific

How do you report on arterial spectral Doppler results? (check all that apply)

Institution consensus

Indices with trends (improving, declining or sudden variation)
Indices (resistive and/or pulsatility index) with reference values
Velocities with reference values

Velocities with trends

Image acquired but values not reported

I do not routinely utilize arterial spectral Doppler in the evaluation of neonates

22/107 (21%)
22/107 (21%)
4/107 (4%)
4/107 (4%)
7/107 (7%)
50/107 (47%)

3/24 (12.5%)
4/24 (25%)
0

0

1/24 (4%)
6/24 (25%)

If your primary site of practice routinely includes spectral Doppler assessment, in which clinical situations do you feel it adds to exam interpre-

tation? (check all that apply)
Venous sinus thrombosis
Hypoxic—ischemic injury
Post-hemorrhagic hydrocephalus
Ischemia
Extracorporeal membrane oxygenation (ECMO)
Other (please specify)

38/107 (36%)
28/107 (26%)
17/107 (16%)
19/107 (18%)
8/107 (7%)

38/107 (36%)

6/24 (25%)
524 (21%)
0

1/24 (4%)
0

0

How does spectral Doppler assessment and reporting assist in the management of your patients? (check all that apply)

Prognostic information

16/107 (15%) 2/24 (8%)

Timing of critical intervention (i.e. cooling protocol for HIE, shunt placement, etc.) 2/107 2%) 2/24 (8%)

Timing of second cranial US
Timing of brain MRI
Not sure

6/107 (6%) 1724 (4%)
1/107(1%) 0
63/107 (59%) 4/24 (16%)

HIE hypoxic—ischemic encephalopathy

Table 6 Germinal matrix hemorrhage reporting

# of responses/total institutions of that type  Institutional consensus

Grade on first US only and 59/107 (55%) 16/24 (67%)
report descriptive changes
on follow-up

Free-standing 27/107 (25%) 11/18 (61%)
Attached 24/107 (22%) 5/6 (83%)
Re-grade with each follow-up 29/107 (27%) 3/24 (12.5%)

Us

Free-standing 14/107 (13%) 2/18 (11%)

Attached 15/107 (14%) 1/6 (17%)
Description without grade 7/107 (7%)
Other (please specify) 8/107 (7%)

abnormalities, choroid plexus and intraventricular hemor-
rhages, subarachnoid cisterns and brainstem [9, 11-14]. The
more routine application of posterior fossa views could bet-
ter identify pathology, and our survey results suggest that
this view is underutilized in clinical practice.

It is appropriate that transtemporal views were infre-
quently used by our survey respondents because this
approach is used to evaluate the circle of Willis. Applica-
tions are indication-specific in the neonatal age range, for
example to monitor cerebral blood flow during cardiovas-
cular surgery [15]. The transtemporal approach is frequently
used in older children with sickle cell mutation or to assess

@ Springer

the size of the 3rd ventricle as a reliable marker for dilata-
tion of the greater ventricular system [16, 17]. The latter
has limited relevance in the neonatal age group given their
open fontanelles and we are not advocating for its inclu-
sion in routine protocols. Nonetheless, for neonates whose
fontanelle acoustic window is compromised for a variety of
reasons including craniosynostosis, scalp edema or external
devices, this paper serves to highlight that the transtemporal
approach might prove to be another option when needed.

The foramen magnum approach was the least frequently
used view for neonatal cranial US among our survey
respondents. The guidelines note that these images might
be useful to view the brainstem, cervical spine and crani-
ocervical junction, specifically in cases of Chiari malforma-
tion. Indeed, these structures are less optimally visualized
through the anterior fontanelle and the routine addition of
this view might be low-yield to identify additional pathol-
ogy, but familiarity with this scan approach can be useful
in neonates with suboptimal transmastoid windows and to
better delineate posterior fossa structures in symmetrical
fashion [18].

The use of high-frequency linear transducers is vague
in the established guidelines. It is not therefore surprising
that the survey responses were mixed in reporting its clini-
cal utility. A majority of our survey respondents used this
probe for near-field evaluation. It is most frequently used to
evaluate pathology in the extra-axial spaces, but studies have
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Table 7 Ventricular size
reporting

(# of responses/total institutions of that type)

Institutional consensus

How do you report changes in ventricular size?

Sonographic indices of ventricular size

Free-standing
Attached
Other

Descriptive terms without measurement

Free-standing
Attached

Other

Other (please specify)

No answer

54/107 (50%) 11/24 (46%)
27/50 (54%) 9/18 (50%)
23/46 (50%) 2/6 (33%)
4/11 (36%)

39/107 (36%) 5124 (21%)
17/50 (34%) 3/18 (17%)
19/46 (41%) 2/6 (33%)

3/11 (27%)
6/107 (6%)
7/107 (7%)

If you use a sonographic index for describing ventricular sizes, which index do you report?

Bifrontal horn diameter
Free-standing
Attached

Other

Ventricular index or frontal horn ratio

Free-standing
Attached
Other

Fronto-occipital horn ratio (FOHR)

Free-standing
Attached
Other

Fronto-temporal horn ratio (FTHR)

Free-standing
Attached
Other
Free-standing
Attached
Other

No answer

30/107 (28%) 8/24 (33%)
16/50 (32%) 7/18 (39%)
10/46 (22%) 1/6 (17%)
4/11 (36%)

22/107 (28%) 4/24 (33%)
11/50 (22%) 2/18 (11%)
10/46 (22%) 2/6 (33%)
1/11 (9%)

17/107 (10%) 3/18 (17%)
6/50 (12%) 0

10/46 (21%) 0

1/11 (9)

11/107 3%) 0

2/50 (4%) 0

9/46 (20%) 0

15/107 (14%) 0

5/50 (10%) 0

9/46 (20%) 0

1/11 (9%)

12/107 (11%)

also shown utility in evaluating parenchymal detail such as
echogenicity or cystic changes and alterations in gray—white
differentiation [19]. In stroke, the gray—white differentia-
tion can be better seen if a linear transducer is employed. In
hypoxic—ischemic injury, the cortical and subcortical cystic
encephalomalacia can be appreciated better with a linear
transducer than a curvilinear transducer. The high-frequency
linear transducers might prove to be a useful troubleshoot-
ing tool for discerning parenchymal abnormalities that are
subtle or equivocal. Despite these applications, far-field
evaluation was only used to evaluate white matter injury by
about half of our survey respondents. The improved reso-
lution of the high-frequency linear probe might enhance
detection of germinal matrix hemorrhage, but again only
half of our respondents cited this as an application (79/149,
53%). Although findings of hypoxic—ischemic encephalopa-
thy and stroke are often suspected clinically, alterations in

brain echogenicity, specifically basal ganglia and thalamus
lesions and periventricular white matter changes, can have
important implications for initiating treatment and predicting
outcomes in this population. Therefore, it could be useful
to optimize cranial sonography technique by including the
use of the high-frequency linear transducer in this setting
to document such findings. Occasionally, these pathologies
are clinically occult, such as when the child is on ECMO,
but they have major prognostic and treatment implications.

Gray-scale US is the mainstay technique for diagnosing
vessel patency, but this technique can be bolstered by the
application of color Doppler [20-23]. The application of
color Doppler was used to assess vessel patency by nearly
half of respondents (37/107 or 35%, always; 13/107 or 12%,
frequently; 47% total). Spectral Doppler might also serve
as a tool to assess blood flow in cranial US [22, 24]. Stud-
ies have also shown that decreased resistive indices in the
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anterior cerebellar artery on trans-fontanelle views correlate
with findings of ischemic injury on MRI [25] and outcomes
[26]. Researchers have also shown the value of spectral
Doppler in assessing the timing for subsequent US or MR
imaging and the timing of critical intervention such as shunt
placement for post-hemorrhagic ventricular dilatation [27,
28]. Interestingly, the more frequent use of spectral Dop-
pler for detecting venous sinus thrombosis (about a third of
institutions) than hypoxic—ischemic injury (about a quarter)
suggests that the application of spectral Doppler as a tool to
assess findings relating to ischemia might be a target for edu-
cation and research endeavors among SPR members. Given
the narrow application for spectral Doppler in neonatal US,
it is not inappropriate that 59% of survey respondents were
“not sure” how Doppler assessment assists in patient man-
agement, further emphasizing that there are knowledge gaps
in the interpretation and utility of this application.

The infrequent use of spectral Doppler despite these
reports is also in part attributable to the lack of standardized
guidelines for spectral Doppler-mediated clinical manage-
ment. It is fair to say that complex pathophysiological pro-
cesses governing brain perfusion regulation post neurologic
injury are not solely manifested by changes in macrovascular
flow dynamics. Furthermore, changes in spectral Doppler
derived for macrovascular flow depend on factors other
than the acute insult (e.g., co-morbidities such as congenital
heart disease, medications, interventions such as hypother-
mia) and vary by gestational age. Improved understanding
of how spectral Doppler could aid clinical management in
select patient groups is needed to optimize the value of the
technique. The low utilization of spectral Doppler among
our respondents therefore seems appropriate and emphasizes
the need for more research and education in this area.

Substantial variability also exists in reporting germinal
matrix hemorrhage and intraventricular hemorrhage. While
the majority of respondents grade the hemorrhage on the
first US and report descriptive changes in hemorrhage and
ventricular size on subsequent exams, up to a third of sur-
vey respondents reported the practice of re-grading on each
follow-up US. Perhaps more important than the strictness of
applying the grading criteria is the recognition that grades
III-IV hemorrhages portend poorer outcomes and this
should be communicated to the clinical team if there is pro-
gression from grades I or IT hemorrhages. In this instance,
a statement in the radiology report describing the evolving
germinal matrix hemorrhage “now with ventricular dila-
tion” or “now with periventricular hemorrhagic infarcts,”
or similar verbiage, would be important. Continued educa-
tion on the pathophysiological implications of each grad-
ing level is also critical because the presence of a grade IV
hemorrhage carries with it a higher risk of neurocognitive
sequelae related to hemorrhagic venous infarction. Also
important to recognize is the existence of isolated choroid
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plexus hemorrhages, which do not fit into the established
grading criteria and thus warrant descriptive reporting at
present [9].

Our results reveal variability in reporting changes
in ventricular size. Half (54/107, 50%) of respondents
reported measuring sonographic indices of ventricular size
and over a third (40/107, 37%) reported using descriptive
terms without measurement. The variable use of ventricu-
lar indices is in part attributable to a wide range of indices
that have been described both the pediatric radiology and
neurosurgery literature.

Further work is needed to compare and standardize
the ventricular indices and this requires consensus with
neonatology and neurosurgery specialists. One such study
has been done to affirm correlation between the frontal-
occipital horn ratio and MRI measurements of ventricular
size [29].

In the future, improvements in three-dimensional (3-D)
ventricular volume quantification might obviate the need
for two-dimensional (2-D) ventricular size measurements.
A 3-D representation might more accurately measure true
volume than 2-D representative measurements. Perhaps this
would be a useful application for an algorithm [30].

The primary limitation of this study is the response rate
(13%, 151/1,183), which makes the data gathered less likely
to reflect true clinical practice. However, 107 institutions are
represented in this survey, which is a substantial percent-
age of those surveyed. Perhaps some institutions designated
limited respondents or defaulted to those who practice pri-
marily in the US subsections. This might partially explain
the low individual response rate. As with any survey, there
is sampling error because respondents self-select to answer
topics of interest. With responses relatively split between
free-standing children’s hospitals and pediatric departments
attached to a larger medical center, we found little difference
in the type of institution in most responses. The number
of questions was also limited to 10 with picklists so as not
to overwhelm the respondents; however, this did require a
narrower scope of the survey and might not have elucidated
the routines performed at all practices. The survey did offer
a number of open-text responses as a way to gather more
information. Despite its limitations, this survey provides
insight into the practices of pediatric radiologists in the per-
formance and interpretation of neonatal head US.

Conclusion

The SPR survey results suggest that while standardized
approaches to performing and reporting brain US exist,
there is institutional variability in scan indications, proto-
cols and interpretations. These results might be useful in
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guiding future education and research efforts by the SPR.
Further improvements in the standardization of brain US
in the clinical setting would undoubtedly enhance brain US
implementation, trainee education, clinical trial reporting,
multi-institutional collaborations and, most importantly,
guidance of clinical care.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00247-022-05442-3.

Declarations

Conflicts of interest None

References

10.

11.

12.

14.

No authors listed (2020) AIUM practice parameter for the perfor-
mance of neurosonography in neonates and infants. J Ultrasound
Med 39:E57-E61

Martinello K, Hart AR, Yap S et al (2017) Management and inves-
tigation of neonatal encephalopathy: 2017 update. Arch Dis Child
Fetal Neonatal Ed 102:F346-F358

Hwang M (2021) Gray-scale ultrasound findings of hypoxic-
ischemic injury in term infants. Pediatr Radiol 51:1738-1747
Daneman A, Epelman M (2015) Neurosonography: in pursuit of
an optimized examination. Pediatr Radiol 45:S406-S412
Dewbury KC, Aluwihare AP (1980) The anterior fontanelle as an
ultrasound window for study of the brain: a preliminary report. Br
J Radiol 53:81-84

Ben-Ora A, Eddy L, Hatch G, Solida B (1980) The anterior fon-
tanelle as an acoustic window to the neonatal ventricular system.
J Clin Ultrasound 8:65-67

Lipscombe AP, Blackwell RJ, Reynolds EO et al (1979) Ultra-
sound scanning of brain through anterior fontanelle of newborn
infants. Lancet 2:39

Snyder E, Hwang M, Soares BP, Tekes A (2018) Ultrasound
and CT of the posterior fossa in neonates. Handb Clin Neurol
154:205-217

Hwang M, Tierradentro-Garcia LO, Hussaini SH et al (2022)
Ultrasound imaging of preterm brain injury: fundamentals and
updates. Pediatr Radiol 52:817-836

Steggerda SJ, de Bruine FT, Smits-Wintjens VE et al (2012) Ultra-
sound detection of posterior fossa abnormalities in full-term neo-
nates. Early Hum Dev 88:233-239

Correa F, Enriquez G, Rossello J et al (2004) Posterior fontanelle
sonography: an acoustic window into the neonatal brain. AINR
Am J Neuroradiol 25:1274-1282

Maertens P (1989) Imaging through the posterior fontanelle. J
Child Neurol 4:562-S67

. Anderson N, Allan R, Darlow B, Malpas T (1994) Diagnosis of

intraventricular hemorrhage in the newborn: value of sonography
via the posterior fontanelle. AJR Am J Roentgenol 163:893-896
Di Salvo DN (2001) A new view of the neonatal brain: clinical
utility of supplemental neurologic US imaging windows. Radio-
graphics 21:943-955

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ruffer A, Tischer P, Munch F et al (2017) Comparable cerebral
blood flow in both hemispheres during regional cerebral perfusion
in infant aortic arch surgery. Ann Thorac Surg 103:178-185
Loomis AL, Chakko MN (2022) Doppler trans-cranial assessment,
protocols, and interpretation. StatPearls, Treasure Island
Kerscher SR, Schweizer LL, Nagele T et al (2020) Transtemporal
ultrasound (US) assessment of third ventricle diameter (TVD):
comparison of US and MRI TVD in pediatric patients. Neurope-
diatrics 51:185-191

. Muehlbacher T, Schaefer RN, Buss C et al (2021) A closer look

at a small brain: transnuchal ultrasound facilitates high-resolution
imaging of the cerebellum in preterm infants. Ultraschall Med
42:395-403

Thompson GD, Teele RL (2001) High-frequency linear array
transducers for neonatal cerebral sonography. AJR Am J Roent-
genol 176:995-1001

Raets MM, Sol JJ, Govaert P et al (2013) Serial cranial US for
detection of cerebral sinovenous thrombosis in preterm infants.
Radiology 269:879-886

Caro-Dominguez P, Lecacheux C, Hernandez-Herrera C, Llorens-
Salvador R (2021) Cranial ultrasound for beginners. Transl Pediatr
10:1117-1137

Epelman M, Daneman A, Kellenberger CJ et al (2010) Neonatal
encephalopathy: a prospective comparison of head US and MRI.
Pediatr Radiol 40:1640-1650

Miller E, Daneman A, Doria AS et al (2012) Color Doppler US
of normal cerebral venous sinuses in neonates: a comparison with
MR venography. Pediatr Radiol 42:1070-1079

Couture A, Veyrac C, Baud C et al (2001) Advanced cranial ultra-
sound: transfontanellar Doppler imaging in neonates. Eur Radiol
11:2399-2410

Snyder EJ, Perin J, Chavez-Valdez R et al (2020) Head ultra-
sound resistive indices are associated with brain injury on dif-
fusion tensor imaging magnetic resonance imaging in neonates
with hypoxic-ischemic encephalopathy. ] Comput Assist Tomogr
44:687-691

Peeples ES, Ezeokeke CK, Juul SE, Mourad PD (2018) Evaluating
a targeted bedside measure of cerebral perfusion in a nonhuman
primate model of neonatal hypoxic-ischemic encephalopathy. J
Ultrasound Med 37:913-920

Taylor GA, Madsen JR (1996) Neonatal hydrocephalus: hemo-
dynamic response to fontanelle compression — correlation with
intracranial pressure and need for shunt placement. Radiology
201:685-689

Leliefeld PH, Gooskens RH, Peters RJ et al (2009) New transcra-
nial Doppler index in infants with hydrocephalus: transsystolic
time in clinical practice. Ultrasound Med Biol 35:1601-1606
Radhakrishnan R, Brown BP, Kralik SF et al (2019) Frontal occip-
ital and frontal temporal horn ratios: comparison and validation
of head ultrasound-derived indexes with MRI and ventricular
volumes in infantile ventriculomegaly. AJR Am J Roentgenol
213:925-931

Ichihashi K, Takahashi N, Honma Y, Momoi M (2005) Cerebral
ventricular volume assessment by three-dimensional ultrasonog-
raphy. J Perinat Med 33:332-335

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00247-022-05442-3

	Neonatal neurosonography practices: a survey of active Society for Pediatric Radiology members
	Recommended Citation
	Authors

	Neonatal neurosonography practices: a survey of active Society for Pediatric Radiology members
	Abstract
	Background 
	Objective 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References


