
2        SAJCH     MARCH 2025    Vol. 19    No. 1

RESEARCH This open-access article is distributed under 
Creative Commons licence CC-BY-NC 4.0.

Cranial ultrasound (cUS) is the most frequent imaging modality of 
the newborn brain.[1] It can detect abnormalities, guide management, 
is safe, cost-effective and portable.[2,3] Globally, the most recent 
standardised consensus recommendations on timing and indications 
for neonatal cUS were published in 2020 by the Canadian Neonatal 
Network (CNN) in collaboration with international experts and 
the Canadian Preterm Birth Network (CPTBN).[3] The guideline 
recommends routine cUS scans in preterm babies less than 32 weeks’ 
gestational age (GA).[3] Additional indications for cUS are based 
on clinical presentation, severity of illness and pathology on initial 
cUS.[4,5] In addition to the anterior fontanelle, the mastoid and 
posterior fontanelles may be used to improve visualisation of the 
posterior fossa and occipital lobes, respectively.[1,6] Clinicians who 
perform cUS should be familiar with technical aspects, relevant 
anatomy, pathology, and associated prognoses; interpretation 
and counselling on scan findings should be done by experienced 
clinicians.[5] Neonatologists and radiologists should be proficient 
in performing neonatal cUS, which is also a recommended skill 
for paediatricians.[7-10] Surveys assessing knowledge of cUS and 
associated skills and training of paediatric and neonatal registrars 
in the UK between 2001 and 2010, identified marked variability and 
suboptimal training.[11-13] An Australian 2017 survey, predominantly 

undertaken by sonographers, highlighted the divided opinions 
regarding optimal practice; only 13% specified a fixed training 
period or minimum number of supervised scans.[14] Both countries 
subsequently established or updated national guidelines to formalise 
and standardise training requirements for clinicians performing 
and interpreting cUS.[10,15] The American Academy of Pediatrics 
(AAP) recommend that cUS be performed by a board-certified 
sonographer and the American Institute of Ultrasound in Medicine 
(AIUM) states that clinicians interpreting or performing cUS 
should meet AIUM training guidelines.[16,17] In the public sector of 
South Africa (SA), in-patient neonatal cUS scans are performed 
by sonographers, radiologists, radiology registrars and paediatric 
and neonatal clinicians. In the Western Cape, cUS scans are most 
often performed by trained neonatal medical officers, paediatric 
registrars rotating through neonatology, neonatal senior registrars 
(SRs) (paediatricians in subspecialist training posts), neonatologists 
and paediatricians. Training is primarily conducted at the bedside, 
and there are no regional or national recommendations for training 
and assessment of clinicians performing cUS. A survey of cUS 
requests by clinicians and reports by radiologists and radiology 
registrars in Johannesburg, SA, found that half the requests and 
reports were inadequate.[18,19] There are no other published studies 
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in Africa assessing cUS training or interpretative skills among 
doctors performing cUS in neonatal settings. The aim of this study 
was to survey trainee knowledge in cUS to inform the development 
of a standardised training programme in the region. The objectives 
were to assess level of training, skills, and knowledge in performing 
and interpreting cUS among paediatric registrars and neonatal SR, 
working in tertiary and regional neonatal units in the West Metro 
area of Cape Town (CT). 

Methods
Study design and setting
The study was a descriptive online survey of paediatric registrars 
and neonatal SRs in the Department of Paediatrics and Child 
Health at the University of Cape Town (UCT). Paediatric registrars 
rotate 3-monthly at one or more of the following hospitals: Groote 
Schuur Hospital (GSH), Mowbray Maternity Hospital (MMH) and 
New Somerset Hospital (NSH). All three hospitals provide neonatal 
ventilation. Owing to the limited number of registrars, convenience 
sampling was used. Registrars on the UCT training platform, with 
at least 1 month of neonatal service at any of the hospitals above, 
who consented, were eligible for inclusion. There were no exclusion 
criteria. At the time of the survey 31 paediatric registrars and 5 
neonatal SRs met inclusion criteria and were invited to participate. 
The study was approved by the Health Sciences Faculty Human 
Research Ethics Committee (ref. no. HREC 102/2022) and the 
UCT Department of Student Affairs. The study was conducted 
in accordance with the principles of the Declaration of Helsinki 
(2013).[20]

Cranial ultrasound scanning protocol
The screening protocol for cUS scans at all three hospitals is based 
on the Canadian guideline.[3] Routine scans are performed in well 
preterm babies <32 weeks’ GA or with birthweights <1 500 g between 
days 3 and 5 and are repeated on day 28 or discharge (whichever 
comes first); further scans depend on initial findings. Other 
indications in term and preterm babies include antenatally detected 
brain abnormalities, syndromes with

central nervous system abnormalities, abnormal neurology, 
mechanical ventilation, sepsis, congenital infections, necrotising 
enterocolitis, recurrent apnoea or bradycardia, rapid decreases 
in haemoglobin or platelet counts, abnormal head growth, 
metabolic disorders, haemodynamic instability, and acute clinical 
deterioration.[3,21] The protocol specifies that all abnormal and 
uncertain findings must be reviewed by a senior clinician, with 
clear guidelines on reporting parameters.

Data collection and analysis
Email addresses of trainees were obtained from the UCT registrar 
training programme administrator. The online survey was conducted 
using Google Forms after piloting by two neonatologists who have 
instructed on national cUS training courses. Eligible registrars 
received an email with study information, the consent statement, 
and a link to an online survey. Participants were not reimbursed. 
The survey only commenced after participants confirmed they 
had read and agreed to the consent statement and had completed 
at least 1 month of neonatology. Voluntary consent was implied by 
submitting the survey. Participants had to complete the survey in 
one sitting and could opt out at any point. Questions were marked 
as ‘required’ to ensure completeness and minimise non-response 
bias. High-quality cUS images were sourced from open access 
publications and de-identified images from babies at GSH, with 
retrospective permission for use in teaching and publications.[1,3] 

The survey assessed the following:
•	 Job position and year of training
•	 Experience with neonatal cUS (skill acquisition and degree of 

supervision)
•	 Knowledge of cUS reporting
•	 Knowledge of procedural and technical aspects of cUS
•	 Interpretation of common neonatal cUS pathologies and 

outcomes
•	 Confidence in scan interpretation and parental discussion of 

findings. 

Participants received email reminders 2 and 4 weeks after the initial 
email, with additional reminders at departmental meetings and on 
departmental WhatsApp groups. Survey access was closed 2 months 
after the initial email; following this, participants were emailed the 
answers to the seven cUS scan images. The anonymous raw data 
were stored in a password-protected Google account, accessible 
only to study researchers. The survey is available as supplementary 
file  1 (www.xxxx). Statistical analyses using standard descriptive 
measures were performed using Stata version 12 (StataCorp, USA). 
Management, procedural, and diagnostic knowledge were compared 
between groups with or without at least 24 months’ experience using 
χ2 or Fisher’s exact test for categorical variables and Wilcoxon rank 
sum for continuous variables. Statistical significance was assigned 
as p<0.05.

Results
Thirty-one paediatric registrars and 5 neonatal SRs were sent the 
survey. Twenty-six (72%) surveys were completed and returned 
(22 paediatric registrars and 4 neonatal SRs). Twelve (46%) surveys 
were from doctors with ≥24 months’ experience with cUS.

Training profile of participants
No participant had attended a certified cUS course; 18 (69%) had 
one formal lecture from a neonatologist, and 8 (30%) had attended a 
formal bedside tutorial by a consultant (paediatrician/neonatologist). 
Ten (38%) participants received cUS training from a neonatal SR, 
7  (27%) from a medical officer, 6 from a consultant (23%), 1 from 
a paediatric registrar (4%), and 2 from self-study (8%). The median 
(range) number of cUS scans performed per week by all participants 
was 3 (1  -  15) – there was no correlation with duration of cUS 
experience (p=0.700). Only 5 (19%) participants discussed all scans 
with a consultant and only 10 (38%) participants discussed all scans 
with parents. Three (12%) participants discussed cUS results with 
parents before discussion with a consultant – all 3 were in their first 
2 years of paediatric registrar training.

Knowledge of ultrasound reporting
Data extracted from the free-text responses to the question ‘What 
information should be included in the cUS report?’ are summarised 
in Table 1. Most participants did not include the day of life of the 
baby, scan date, name of the doctor or name of the baby. Anatomical 
description, bleeding and ventricular size were described by the 
majority. All other aspects of the report were each described 
by ≤50% of participants. Ventricular measurements were only 
mentioned by 35% and abnormalities/lesions, increased echogenicity 
or parenchymal changes were only mentioned by 19%.

Ultrasound procedural knowledge
The participants’ procedural knowledge of cranial ultrasound is 
shown in Table  2. There were no significant differences in the 
responses relative to duration of experience. All participants were 
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comfortable scanning through the anterior fontanelle; however, 
less than a third knew the correct number of views in the sagittal 
and coronal planes. Most were not comfortable scanning through 
other cUS windows and less than half were able to set transducer 
frequency and focus point.

Ultrasound image interpretation
Participants’ knowledge of cUS image interpretation is shown in 
Table 3. Participants were asked to list abnormalities shown by the 
image in each question or indicate that there were no abnormalities 
and describe the neurodevelopmental prognosis. Significant 
differences in the responses relative to duration of experience only 
occurred in questions 4 and 6. 

Question 1: Coronal and left parasagittal images from a 21-day-
old baby born at 26  weeks’ GA. The images showed bilateral 
periventricular leukomalacia (PVL) involving deep/subcortical 
white matter (grade 4 PVL), bilateral ventriculomegaly and resolving 
intraventricular haemorrhages (IVH). While most participants 
identified cystic lesions and/or PVL, only 42% specified that it 
was extensive, severe, or grade 4. Dilated ventricles were noted by 
58%. Only 8% correctly described all three abnormalities. Most 
participants correctly described neurodevelopment as ‘likely to be 
very abnormal’. 

Question 2: Coronal and right parasagittal images from a 2-day-
old baby born at 24 weeks’ GA showed a right periventricular (PV) 
haemorrhagic infarction (grade 4 IVH) and a left grade 3 IVH. 
Most participants identified the grade 4 IVH on the right; however, 
less than a third correctly identified both bleeds and only 15% 
stated the side of the bleeds. Most participants correctly described 
neurodevelopment as ‘likely to be very abnormal’.

Question 3: A coronal image from a 25-day-old baby born 
at 28  weeks’ GA showed bilateral posthaemorrhagic ventricular 
dilatation (PVHD). Participants were asked what additional clinical 
and cUS information would aid in assessing cause and severity. 
While almost all noted the ventricular dilatation, only 15% suggested 
measuring ventricular indices. Only 54% correctly assessed the 
neurodevelopmental prognosis as ‘likely to be very abnormal’.

Question 4: Coronal and left parasagittal views from a 4-day-
old term baby with hypoxic ischaemic encephalopathy (HIE). The 
images showed increased white matter echogenicity bilaterally, 
increased grey/white matter differentiation, increased basal 
ganglia and thalamic echogenicity, and decreased internal capsule 
echogenicity. Less than one-third identified increased echogenicity 
in any area and none noted decreased echogenicity of the internal 
capsule. The terms, ‘oedema’, ‘slit-like’, or ‘small ventricles’, which are 
misleading and inappropriate in neonatal cUS, were used by over 

Table 1. Knowledge of cranial ultrasound reporting
What information should be included in the 
cranial ultrasound report? n (%)*
Day of life 5 (19)
Date of scan 2 (8)
Name of doctor 1 (4)
Name of baby 2 (8)
Limitations to scan 2 (8)
Presence or absence of bleeds 21 (81)
Description of anatomy/midline structures 24 (92)
Presence or absence of flares 10 (38)
Presence or absence of lenticostriatal vasculopathy 1 (4)
Presence or absence of periventricular leukomalacia 6 (23)
Poor grey/white matter differentiation 2 (8)
Presence or absence of cysts 9 (35)
Description of ventricular sizes 17 (65)
Ventricular measurements 9 (35)
Presence or absence of calcifications 7 (27)
Description of brain maturity and/or cortical folding 13 (50)
Description of abnormalities or obvious intracranial 
lesions

5 (19)

Description of anatomy/midline structures and 
abnormalities/lesions

4 (15)

Description of increased echogenicity 5 (19)
Description of parenchymal changes 5 (19)
Description of cerebral oedema 1 (4)
Discussed with consultant and plan for next scan 2 (8)
Unsure 1 (4)

*Each item represents a feature which should be described in the report; 
n (%) represents the proportion of respondents who included the feature in their 
free text description of a cUS report.

Table 2. Procedural knowledge of cranial ultrasound (cUS)

Question

n (%)/median (range)*

p-value
All participants, 
N=26

<24 months’ 
cUS experience,
n=14

≥24 months’ 
cUS experience,
n=12

How many anterior fontanelle views should be examined in the sagittal 
plane?

5 (3 - 7) 5 (3 - 7) 5 (4 - 7) 0.72

How many anterior fontanelle views should be examined in the coronal 
plane?

5 (3 - 9) 5 (4 - 6) 5 (3 - 9) 0.63

Are 5 views in sagittal and 6 views in coronal planes the standard number? 7 (27) 4 (29) 3 (25) 1.00
Comfortable scanning through the posterior fontanelle? 4 (15) 1 (7) 3 (25) 0.31
Comfortable scanning through the temporal window? 1 (4) 1 (7) 0 1.00
Comfortable scanning through the mastoid fontanelle? 2 (8) 1 (7) 1 (8) 1.00
Able to set scan depth? 24 (92) 12 (86) 12 (100) 0.48
Able to set scan area? 18 (69) 10 (71) 8 (67) 1.00
Able to set scan gain? 23 (88) 11 (79) 12 (100) 0.23
Able to set transducer frequency? 11 (42) 6 (43) 5 (42) 1.00
Able to set focus point? 9 (35) 4 (29) 5 (42) 0.68

*Data are n (%) for the proportion of participants who answered yes to the questions, and median (range) for the summary of numeric answers.
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Table 3. Ultrasound image interpretation

Image findings and outcomes p-value
All participants, 
N=26

<24 months’ 
cUS experience,
n=14

≥24 months’ 
cUS experience,
n=12

Question 1
Grade 4 periventricular leukomalacia (PVL), dilated ventricles and 
intraventricular haemorrhages (IVH) (all abnormalities detected)

2 (8) 1 (7) 1 (8) 1.00

PVL/cystic lesions, dilated ventricles and IVH (major feature) (no mention 
of the grade or severity of the PVL)

3 (12) 2 (14) 1 (8) 1.00

PVL/cystic lesions and dilated ventricles or IVH 10 (38) 5 (36) 5 (42) 1.00
Extensive or severe grade 4 PVL 11 (42) 4 (29) 7 (58) 0.23
PVL/cystic lesions (no mention of grade or severity of the PVL) 8 (31) 5 (36) 3 (25) 0.68
Dilated ventricles 15 (58) 9 (64) 6 (50) 0.69
IVH 9 (35) 5 (36) 4 (33) 1.00
Outcome: Neurodevelopment likely to be very abnormal 20 (77) 10 (71) 10 (83) 0.65
Question 2
Left grade 3 IVH, right IVH with PV haemorrhagic infarction (grade 4 
IVH) (all abnormalities)

4 (15) 1 (7) 3 (25) 0.31

Correct diagnosis but did not mention left or right (major feature) 4 (15) 1 (7) 3 (25) 0.31
Grade 3 IVH 12 (46) 6 (43) 6 (50) 1.00
Grade 4 IVH 18 (69) 8 (57) 10 (83) 0.22
Outcome: Neurodevelopment likely to be abnormal 19 (73) 10 (71) 9 (75) 1.00
Question 3
Ventriculomegaly/hydrocephalus (major feature) 24 (92) 12 (85) 12 (100) 0.48
Ventricular measurement recommended 4 (15) 1 (7) 3 (25) 0.31
Head circumference measurement recommended 6 (23) 4 (29) 2 (17) 0.65
All three aspects correct 1 (4) 0 1 (8) 0.46
Outcome: Neurodevelopment likely to be abnormal 14 (54) 7 (50) 7 (58) 0.71
Question 4
Increased white matter echogenicity 6 (23) 3 (21) 3 (25) 1.00
Abnormal grey/white matter differentiation (major feature) 7 (27) 5 (36) 2 (17) 0.39
Increased basal ganglia echogenicity 2 (8) 1 (7) 1 (8) 1.00
Increased thalamic echogenicity 4 (15) 3 (21) 1 (8) 0.60
Decreased echogenicity internal capsule 0 0 0
All 5 abnormalities correct 0 0 0
‘Oedema’/’slit-like’ or ‘small ventricles’ described 15 (58) 6 (43) 9 (75) 0.13
Outcome: Neurodevelopment likely to be abnormal 6 (23) 6 (43) 0 0.02
Question 5
Left caudothalamic cyst (major feature) 3 (12) 0 3 (25) 0.09
Caudothalamic cyst but no side stated 0 0 0
Cyst noted but inadequate/incorrect description 12 (46) 6 (43) 6 (50) 1.00
Grade 1 IVH 0 0 0
All three abnormalities correct 0 0 0
Normal scan (incorrect) 4 (15) 3 (21) 1 (8) 0.60
Outcome: Neurodevelopment may be abnormal 15 (58) 8 (57) 7 (58) 1.00
Question 6
Normal scan (major feature) 9 (35) 2 (14) 7 (58) 0.04
‘Oedema’/’slit-like’ or ‘small ventricles’ described 11 (42) 8 (57) 3 (25) 0.13
Outcome: Normal 4 (15) 1 (7) 3 (25) 0.31
Question 7
Echodensity basal ganglion/thalamus 17 (65) 9 (64) 8 (67) 1.00
Echodensity basal ganglion/thalamus due to infarction/stroke/bleed 
(with or without side specified) (major feature)

16 (62) 8 (57) 8 (67) 0.70

Echodensity right basal ganglion/thalamus due to infarction/stroke 5 (19) 2 (14) 3 (25) 0.64
Cerebral bleed/infarct – side/region absent/incorrect 13 (50) 7 (50) 6 (50) 1.00
Outcome: Neurodevelopment may be abnormal 14 (54) 8 (57) 6 (50) 1.00
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half of the participants. None of the participants with ≥24 months’ 
experience correctly indicated outcome was ‘likely to be abnormal’ 
compared with 43% of those with <24 months’ experience. 

Question 5: Coronal and left and right parasagittal images of a 
4-day-old term baby with neonatal encephalopathy. The images 
showed a left caudothalamic cyst, PV calcifications and a right grade 
1 IVH. The caudothalamic cyst was noted by more than half of 
participants, but only 12% specified the left side. Calcifications were 
noted by one participant, but the IVH was not noted; 15% assessed 
the scan as normal. Neurodevelopmental outcome was correctly 
described by 58%.

Question 6: A normal coronal scan from a 1-day-old term 
baby with HIE. More than half of participants with ≥24  months’ 
experience correctly interpreted the scan as normal compared with 
14% of those with less experience.

Question 7: Coronal image of an 8-day-old term baby with 
seizures. The image showed a focal echodensity in the medial right 
basal ganglia, in keeping with an infarction in the middle cerebral 
artery territory. An echodensity in the basal ganglia/thalamic area 
was noted by 65% of participants; most indicated the likely cause to 
be infarction/stroke/bleed. However, only 19% specified the correct 
side. Neurodevelopmental outcome was correctly described as ‘may 
be abnormal’ by 54%.

Discussion
This survey assessing cUS training among paediatric registrars 
and neonatal SRs in Cape Town, had a 72% response rate and 
is the first in  Africa. Over half of the participants had <2 years’ 
experience. There was significant variability in training formats and 
the experience of trainers. None of the participants demonstrated 
adequate knowledge of the essential components of an ultrasound 
report. Although all were comfortable scanning

through the anterior fontanelle, most were unaware of the standard 
number of images per plane or how to optimise images. The ability to 
identify the major features of ultrasound images in seven questions 
ranged from 12% to 92% but was below 40% in most questions. 

The variable training often included formal lectures, but formal 
bedside tutorials were infrequent, and bedside training was provided 
by both senior and junior staff. A similar variation and inadequacy 
of bedside training was reported in some UK surveys; performing 
scans without supervision was reported by 25%.[12,13] However, 
approximately half of the UK registrars attended cUS training 
courses compared with none of the participants in our survey.[11,13]

The inadequate knowledge of ultrasound reporting standards, 
image optimisation techniques and image interpretation are not 
unique to our survey. In the UK, Reynolds et  al.[11] observed that 
almost half of their respondents were not aware of the benefit of a 
lower frequency probe for visualising deeper structures in term infants 
and correct image interpretation ranged from 45% to 71%. In other 
UK surveys, confidence in independently performing or reporting 
on cUS ranged from 37% to 51%.[12,13] Only 19% of participants in 
our survey discussed all scans with consultants, compared with 75% 
in the 2010 UK survey.[13] In addition, neurodevelopment prognosis 
was only appropriately assigned by less than half of the participants 
for most questions in our survey – fortunately, most did not 
discuss findings with parents before discussing with the supervising 
consultant.

The authors of the UK surveys call for more structured training, 
measures of competency, and the implementation of existing 
standards; 75% of the registrars in the 2010 study[13] were not 
aware of the standard published by the British Society of Paediatric 
Radiology in 2003.[12] The standard, as quoted by Davis et  al.,[12] 

suggests a minimum requirement of a theoretical course and 
scanning under direct supervision until competent to scan 
independently. The most recent UK standard for performing 
neonatal cUS and associated training was published in 2022 as 
part of a larger document, ‘Society of Radiographers and British 
Medical Ultrasound Society Guidelines for Professional Ultrasound 
Practice’.[10] The document stipulates detailed requirements on all 
aspects of performing neonatal ultrasound scans. The guideline 
also endorses two further documents: the eurUS.brain summary[1] 

of technique and reporting ultrasounds and the recommendations 
from the Royal College of Radiologists for training and competency 
requirements for clinicians who perform cUS in infants.[23] The 
British Association of Perinatal Medicine, the Royal College of 
Paediatrics and Child Health and the Neonatal Society are also 
listed as supporters of the European Standards of Care for Newborn 
Health (ESCNH) project set up by the European Foundation for 
the Care of Newborn Infants.[24] The ESCNH includes standards 
for neonatal cUS and are endorsed by numerous other countries in 
Europe and multiple global neonatal associations.

Several other countries and regions have established training 
requirements for performing and interpreting cUS. The Australasian 
Society for Ultrasound in Medicine (ASUM) requires a certificate in 
Neonatal Clinician Performed Ultrasound (CCPU Neonatal) based 
on standardised training, including courses, accredited hospital 
on-site training and standardised competency assessments.[15] 

In  2020, the AIUM published ‘AIUM Practice Parameter for the 
Performance of Neuro-sonography in Neonates and Infants’ which 
contains guidance regarding performing neonatal cUS and training 
requirements.[17]

The Canadian consensus guidelines on screening and classifying 
preterm brain injury emphasise the need for cUS interpretation 
by an experienced specialist – although training requirements are 
not described, online training is available via the Calgary Neonatal 
Neuro-Critical Care Program.[3,25]

In SA, neonatal cUS is a required competency for the paediatric 
specialty and the neonatal subspecialty.[7] There are no previous 
studies of cUS training in these disciplines and requirements 
have not been formalised; however, the inadequate knowledge of 
reporting cUS and the lack of national guidelines was highlighted 
in a survey of reports by radiologists and radiology registrars 
in Johannesburg, where the authors proposed the use of a cUS 
reporting template.[18,19] Training could be improved with a 
standardised interactive video training package and specific cUS 
outputs in the clinical skills logbook as a prerequisite for specialist 
paediatric and neonatology examinations in SA, e.g. (i) reporting; 
(ii) procedural and technical aspects; (iii) common neonatal 
pathologies and outcomes; and (iv) required number of supervised 
scans for each pathology. The strengths of our survey included 
consideration of the duration of training, images from peer-
reviewed publications, survey of multiple aspects of training and 
knowledge, and a 72% response rate. Limitations included the 
challenges of interpreting static v. dynamic images, the potential 
for consultation when interpreting images, limited survey detail 
and the limited sample from a single university. A nationwide 
survey would better represent trainees across the country.

Conclusion
The inadequate and variable cUS training and competency 
demonstrated in this survey parallels the radiologist experience 
in Johannesburg and the deficiencies experienced in international 
studies published over a decade ago.[11-13,19] Considering the influence 
of cUS imaging on neonatal management, and determining 
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prognosis, and its potential medicolegal consequences, this survey 
provides motivation for national standardisation of diagnostic and 
training criteria, and formal accreditation processes for clinicians 
performing and reporting on neonatal cUS.
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