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Abstract—Neuroimaging is a valuable diagnostic tool for the early detection of neonatal brain injury, but equipment and radiologic staff are expensive and unavailable to most hospitals in developing countries. We evaluated an
affordable, portable ultrasound machine as a quantitative and qualitative diagnostic tool and to establish whether
a novice sonographer could effectively operate the equipment and obtain clinically important information. Cranial
ultrasonography was performed on term healthy, pre-term and term asphyxiated neonates in Rwandan and Kenyan hospitals. To evaluate the detection of ventriculomegaly and compression injuries, we measured the size of the
lateral ventricles and corpus callosum. The images were also assessed for the presence of other cerebral abnormalities. Measurements were reliable across images, and cases of clinically relevant ventriculomegaly were detected. A
novice sonographer had good-to-excellent agreement with an expert. This study demonstrates that affordable
equipment and cranial ultrasound protocols can be used in low-resource settings to assess the newborn brain.
(E-mail: annikalinke@gmail.com)
Ó 2016 The Authors. Published by Elsevier Inc. on behalf of World Federation for Ultrasound in Medicine & Biology. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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dalities. These portable ultrasound models include simple, user-friendly software interfaces, which reduce the
traditional requirement for an operator with advanced
technical expertise. Together, these characteristics have
made implementing ultrasonography in developing world
hospitals increasingly more feasible. Studies in
Cameroon (Steinmetz and Berger 1999), Tanzania
(Adler et al. 2008), Rwanda (Shah et al. 2009) and Ghana
(Spencer and Adler 2008) provide evidence that portable
ultrasound machines can be effective as a diagnostic tool
in multiple clinical contexts by adding to diagnoses and
influencing outcome or decisions regarding treatment.
However, there is a lack of evidence demonstrating the
utility of these devices as a neurodiagnostic tool in
neonates.
Fluid-filled lateral ventricles are relatively easy to
visualize with cUS because they are anechoic and situated below the anterior fontanelle, the most commonly
used acoustic window. Qualitative and quantitative
assessment of the lateral ventricles and periventricular

INTRODUCTION
Approximately half of all neonatal deaths in sub-Saharan
Africa are due to perinatal asphyxia and complications of
prematurity (Lawn and Kerber 2006). Early detection and
treatment of brain injuries associated with these conditions is crucial to reduce mortality and long-term cognitive, behavioral, sensory, language and motor sequelae
in survivors.
Cranial ultrasonography (cUS) is the preferred
initial modality for imaging the neonatal brain (Van
Wezel-Meijler 2007). cUS is non-invasive and can be performed at the bedside in neonatal intensive care units (NICUs). The development of ultrasound technology into
affordable, lightweight, portable devices (Hwang et al.
1998) confers a great advantage over other imaging mo-
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areas from ultrasound scans can facilitate early diagnosis
of the most common brain anomalies found in neonates,
such as ventriculomegaly, intraventricular hemorrhage
(IVH), periventricular leukomalacia and edema
(indicated by slit-like ventricles combined with hyperechogenic parenchyma and the loss of normal tissue
differentiation [Van Wezel-Meijler et al. 2010]).
In neonates with perinatal asphyxia, edema is a
strong indicator of severe, global hypoxic-ischemic insult
and is prognostic of poor outcome (Roland et al. 1998;
Van Wezel-Meijler et al. 2010). IVH is particularly
common in pre-term neonates, usually originating from
the immature germinal matrix and subsequently
spreading throughout the ventricular system (Volpe
2008). After a severe bleed (grade III and IV IVH) the
risk of developing post-hemorrhagic ventricular dilation
(PHVD) is substantial. Hemorrhage can prevent drainage
of cerebrospinal fluid, leading to hydrocephalus.
In low-income countries, where ultrasound equipment is mostly unavailable, basic clinical observations
are used to diagnose PHVD and other causes of ventriculomegaly. For example, the rate of head growth and signs
of increased intra-cranial pressure, such as persistent
bulging and a tense fontanelle, can be used to help diagnose post-hemorrhagic hydrocephalus. Unfortunately,
the onset of rapid head growth and intra-cranial hypertension are often late indicators, manifesting days to weeks
after the onset of ventricular distention, distortion of the
parenchyma and possibly mechanisms leading to secondary brain injury (Volpe et al. 1977). Early detection is
crucial as ventriculomegaly in pre-term infants is a strong
predictor of cortical and white matter injury (Kuban et al.
1999), and PHVD is associated with a high risk of serious
cognitive disability, cerebral palsy and visual and hearing
impairments (Brouwer et al. 2008). cUS can facilitate
early detection as it provides a means to directly assess
ventricular dilation and parenchymal distortion, such as
thinning of the corpus callosum (Barkovich 2005).
To detect ventricular enlargement early and to
monitor its subsequent changes, it is most effective to
perform quantitative measurements and compare them
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to established norms (Sondhi et al. 2008). A few studies
in the developing world have quantitatively assessed
ventricle size, but they utilized complex cUS equipment
(Ebruke et al. 2010; Hagmann et al. 2011) that is too
expensive to be feasibly implemented in low-resource
settings. The objective of the present study was to evaluate the efficacy of an affordable ultrasound unit as
both a quantitative and qualitative neurodiagnostic tool
in Rwandan and Kenyan NICUs. Specifically, the aims
of this study were (i) to evaluate the machine’s sensitivity
to ventriculomegaly by measuring lateral ventricle size in
patient and control neonate populations; (ii) to explore
the broader diagnostic capacity of the ultrasound machine
by identifying other cerebral abnormalities from the patients’ images; and (iii) to assess the reliability of the
measurements and qualitative findings made by novice
sonographers with respect to an expert observer.
MATERIALS AND METHODS
Patients
This study was carried out at Centre Hospitalier et
Universitaire de Kigali (CHUK) in Kigali, Rwanda, and
Kenyatta National Hospital (KNH) in Nairobi, Kenya.
The study was approved by local ethics committees
(Rwanda, KUTH EC/CHUK/061/13; Kenya, KNHERC/R&R/389), and parents gave written consent before
participating. Neonates admitted to the NICU and healthy
term-born neonates from the postnatal wards were recruited to the study. Convenience samples were recruited
that reflected the patient profile of the NICUs (Table 1).
At CHUK, a higher number of pre-term infants were recruited than term infants with perinatal asphyxia, while
at KNH, a larger referral hospital, the proportion of
term neonates with perinatal asphyxia was higher. Therefore, in Kenya NICU patients were targeted for recruitment if they were diagnosed with perinatal asphyxia,
had a gestational age greater than 38 wk and could be
tested within 48 h of birth. For each subject, the resident
physicians assisting with the study confirmed the diagnosis and assigned a hypoxic-ischemic encephalopathy

Table 1. Comparison of clinical parameters between subject groups
Clinical parameter

Healthy, N 5 14

Asphyxia, N 5 17

Pre-term, N 5 7

Mean birth weight, g (SD)
Mean GA, wk (SD)
Males, %
Mean Apgar Score (SD)
1 min
5 min
10 min
Mean HC at first test (cm)
Median Age at testing (d)

3023 (368), n 5 13
39.8 (0.73)
35.7

3045 (468)
39.8 (1.5)
64.7

1736 (424)*
32.8 (2.1)*
71.4

8.0 (1.4), n 5 7
9.1 (1.2), n 5 7
9.7 (0.82), n 5 6
342 (1.5), n 5 9
2.5

4.1 (2.0), n 5 14*
5.7 (1.9), n 5 14*
6.6 (2.1), n 5 13*
35.7 (1.7), n 5 13
1*

7.7 (1.5), n 5 6
8.6 (1.3)
9 (0.82)
31.7 (2.3)*
3

GA 5 Gestational age; HC 5 Head circumference; SD 5 standard deviation.
* p , 0.05.

Affordable cranial ultrasound in East African NICUs d D. E. CLAY et al.

121

(HIE) score of I–III (based on the Sarnat and Sarnat
Scoring System [Sarnat and Sarnat 1976]). Head circumference was also measured for each subject.
Cranial ultrasonography
The portable ultrasound unit (EMP-N5, Emperor
Medical, Shenzhen, China) used in this study was designed by Emperor Medical and was purchased with two
transducers. The EMP-N5 unit (Fig. 1) is easily portable,
weighing 6.5 kg, and has a high-resolution 12-inch liquid
crystal display screen. The device can be powered by AC
current from a wall outlet or by rechargeable (DC) battery.
A multi-frequency micro-convex transducer (EMP-N5,
Emperor Medical) was utilized for this study; although
6.5 MHz was the most commonly used frequency, in
some cases 8 MHz or 5 MHz were used.
The cUS examinations were performed by D.E.C.,
with A.C.L. completing some of the initial scans. cUS
was performed using the anterior fontanelle as the acoustic window. A continuum of images was acquired from
anterior to posterior and from right to left. This procedure
was repeated to allow for analysis of the reliability of image acquisition and subsequent measurement accuracy.
The mid-anterior coronal plane showing the foramen of
Monro was of particular interest, as this view has been established as the standard plane for various measurements
of the lateral ventricles, including the ventriculohemispheric ratio and anterior horn width (AHW). All
images were stored digitally and evaluated at a later
time. Patients were examined at the cots, resuscitaires
or incubators in the case of the NICU patients and at
the mothers’ bedside in the case of the healthy infants.
The cUS examinations lasted between 15 and 25 min,

Fig. 2. Illustration of key imaging planes and measurements.
(a) Mid-anterior coronal plane passing through the foramina
Monro and third ventricle. The ventriculohemispheric ratio
(VHR; green) is defined as the width of both ventricles at the
border of the frontal horns and mid-bodies as a ratio to the biparietal lobe diameter. The anterior horn width (AHW; red) is
the maximal diagonal width between the two walls of the anterior horn. The corpus callosum (CC) thickness (yellow) is
measured as the distance between the upper and lower echogenic margins of the CC. The CC appears as a linear hypoechogenic structure that crosses the midline and is situated above the
cavum septum pellucidum. (b) Mid-sagittal plane. The CC
thickness (yellow) measurement was repeated in this plane (at
the anterior body of the corpus callosum).

during which time the nurses and physicians were urged
to continue with their standard care.

Fig. 1. EMP-N5 ultrasound unit (Shenzhen Emperor Electronic
Technology Co., Ltd.).

Qualitative image assessment
Each subject’s images were assessed for the presence of abnormalities, including ventriculomegaly,
edema, germinal matrix hemorrhage (GMH), IVH,
parenchymal lesions, periventricular cysts and cava
septum pellucidum by D.E.C. An expert pediatric neurosurgeon, S.dR., assessed validity in a subset (64%) of the
examinations.
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Measurements and statistical analysis
Quantitative measurements were made using
Ginkgo CADx (version 3.3.0; MetaEmotion S.L., Valladolid, Spain), an open-source medical image viewer
(Fig. 2). To assess for the presence of ventriculomegaly,
the ventriculo-hemispheric ratio and the AHW were
measured in the mid-anterior coronal plane. To assess
potential secondary compressive effects on the corpus
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callosum, its thickness was measured in both the midanterior coronal and mid-sagittal planes. As the set of
images was acquired twice during each cUS session
and a continuum of images was obtained in each set,
several images in similar planes were available. This allowed calculation of the mean and standard error for
each of the subject’s measurements. All statistical analyses were performed with SPSS 21 (IBM, Armonk,

Fig. 3. Average ventriculohemispheric ratio (a) and anterior horn width (b) measurements with standard error bars for
each subject clustered by study group (gray 5 healthy, red 5 HIE, pink 5 pre-term). Group averages and standard deviations are also presented (c).
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sonographer also performed measurements on the
same images.
RESULTS

Fig. 4. Coronal image from subject 33 showing measurement of
the AHW.

NY, USA) using Pearson’s correlation or intra-class correlation as appropriate. Significance was always taken at
p # 0.05. To evaluate inter-observer reliability amongst
novices, in addition to the primary sonographer
(D.E.C.), another novice observer repeated measurements in a sample of randomly selected images from
16 of the patients. To evaluate the validity of the measurements from novice observers, a pediatric neurosurgeon (S.dR.) with substantial expertise as a

A total of 41 newborns were recruited and tested by
cUS at CHUK (n 5 21) in Kigali, Rwanda, and KNH
(n 5 20) in Nairobi, Kenya. Twenty-seven were patients
admitted to the NICU, while 14 comprised the healthy
control cohort. From the NICU recruits, two study populations were obtained: ‘‘perinatal asphyxia’’ or ‘‘HIE’’
(n 5 17) and ‘‘pre-term’’ (n 5 7). Two NICU infants
had an unreported diagnosis, while one term baby had
suspected sepsis. The data for these three infants are
not included in any group analyses. Additionally, the ventricles of one healthy infant could not be visualized. The
majority of newborns with perinatal asphyxia were diagnosed with moderate or severe HIE, with only two (14%)
infants being scored with mild HIE.
Quantitative measurements
Figure 3 displays two lateral ventricle measurements, the ventriculohemispheric ratio (VHR) and
AHW, showing individual averages (a and b) and group
averages (c). There was a main effect of group (F
[2,34] 5 6.990, p , 0.03). Group-level analysis revealed
that the VHR was significantly higher in the pre-term
group (t[18] 5 4.211, p , 0.001), compared with

Fig. 5. Average corpus callosum thickness measured in coronal and sagittal planes. The correlation between the coronal
and sagittal planes was high (r[34] 5 0.91, p , 0.01), illustrating that this measurement was highly reliable.
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the healthy controls, while there were no significant
differences in the AHWs among the three groups (F
[1,18] 5 0.731, not significant). That group comparisons
are reliable (and in the expected direction) illustrates the
sensitivity of cUS in quantifying differences in clinically
important brain structures.
In clinical practice, it is important that measurements from individuals are reliable and that deviations
from the healthy distribution can be detected. To address
this, first note that the intra-subject variability, as assessed
by the standard errors about each subject’s mean, was
small relative to the differences between individuals
(Fig. 3). Second, in both the pre-term and HIE groups,
some infants had significantly larger VHRs and AHWs
compared with the measurements in the healthy cohort.
Most notably, patients 28 and 33 cause a positive skew
within their respective study groups, demonstrating
dramatically larger AHWs compared to the other patients
in Figure 3b. Subject 33, the most severe case of ventriculomegaly, is discussed below.
Case study
Subject 33 is a pre-term infant born at 34 wk of
gestation at Centre Hospitalier et Universitaire de Kigali.
The baby weighed 2.14 kg and measured 31 cm in head
circumference. Measurements (Fig. 4) acquired from images obtained on the 8th post-natal d revealed an average
AHW of 10.1 mm, which differed significantly from the
mean of the healthy group (t[12] 5 26.4, p , 0.001). Specifically, the AHW of 10.1 mm was seven standard deviations above the healthy AHW mean. An AHW of this
magnitude suggests the need for treatment before progressive hydrocephalus develops. As illustrated in
Figure 5, this patient also presented with the thinnest
corpus callosum (1.12 mm and 1.13 mm in coronal and
sagittal planes, respectively), presumably marking a secondary injury. This potential white matter injury emphasizes the severity of the ventriculomegaly.
Inter-observer reliability
To evaluate the reliability of quantitative measurements across three observers (Table 2), intra-class correlation coefficients (ICCs) were calculated (Table 3).
The ICCs were interpreted according to the strength
of agreement scale by Brennan and Silman (1992):
agreement is good when the ICC is between 0.6 and
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0.8 and excellent when ICC .0.8. The VHR was the
most variably measured across observers. Although
observer 2 is educated in human anatomy, she has no
experience performing cUS or interpreting ultrasound
images, which likely explains the lower agreement
with observer 3, the expert. This suggests that acquisition of cUS may be a useful part of training to read
images.
Qualitative assessment
In addition to ventriculomegaly, further neonatal cerebral abnormalities could be imaged and identified
(Fig. 6). To assess validity, the expert analyzed the images
from approximately two-thirds of the cUS sessions.
Ninety-eight percent (50/51) of the abnormalities identified by the primary observer (observer 1) were confirmed
by the expert. Additionally, the expert observer added
only four additional abnormalities, giving a miss rate of
8% for the novice observer.
The distribution of abnormalities across the diagnostic groups (Fig. 7) was mostly as expected, with the
pre-term group having higher prevalence of GMH and
IVH, while infants with perinatal asphyxia were the
only patients to present with edema. Unexpectedly, the
highest prevalence of parenchymal lesions was found in
the healthy infants (although the difference was not statistically significant across groups, c2 [2, N 5 38] 5 0.7379,
not significant). It is possible that some of these are
merely transient echogenicities that would subside on serial scans.
DISCUSSION
Using a portable and affordable ultrasound unit, a
novice sonographer obtained reliable, valid measurements of clinically important neonatal brain anatomy.
The measurements showed differences between groups
in the expected direction. Furthermore, all four measurements were consistent across images within an individual, and cases of clinically relevant ventriculomegaly
could be detected. The novice sonographer had goodto-excellent agreement with an expert observer on three
of the four measurements. Additionally, there was high
agreement between qualitative findings made by the
novice sonographer and those made by the pediatric
neurosurgeon.

Table 2. Education and cUS experience of observers
Observer
Observer 1 (sonographer)
Observer 2
Observer 3 (Expert)

Y of post-secondary education
6 (BSc, MSc)
7 (BSc, MSc)
12 (MSc, MD, FRCSC)

Anatomy education
MSc in Clinical Anatomy
MSc in Clinical Anatomy
MD, 8 y of clinical practice

Experience with cUS
Novice (mo)
None
Expert (y)

Affordable cranial ultrasound in East African NICUs d D. E. CLAY et al.

125

Table 3. Interobserver reliability between three observers of varying experience
Intraclass correlation coefficient*
Measurement

Observers 1 and 2

Observers 2 and 3

Observers 1 and 3

All 3 observers

VHR
AHW
CC thickness (coronal)
CC thickness (sagittal)

0.747
0.642
0.802
0.813

0.136
0.484
0.466
0.288

0.317
0.854
0.662
0.690

0.478
0.741
0.736
0.702

AHW 5 anterior horn width; CC 5 corpus callosum; VHR 5 ventriculohemispheric ratio.
Observer 1: novice sonographer; Observer 2: na€ıve observer; Observer 3: expert.
* Average measures, two-way random model for absolute agreement.

Clinical significance of ventricle measurements
The average VHR in the healthy group
(0.36 6 0.043) was larger than previously reported for infants in developed countries (0.28 measured slightly
differently [Brouwer et al. 2010]), and it was found to
be significantly smaller than in the pre-term group. This
is not surprising as pre-term infants have a higher incidence of IVH, which can cause ventricular enlargement
(Maunu et al. 2009). However, clinically, it is important
to detect individual patients who diverge from the healthy
norm. Significant differences were found in two ventricle
measurements in specific patients compared to the distribution in the control group. Although many of the VHRs
in the pre-term group are significantly larger than in the
healthy group, it is the AHW measurement that shows
the most dramatic differences and thus appears to be
the more sensitive marker of ventriculomegaly. The
sensitivity of AHW to early enlargement is consistent
with other reports (Grasby et al. 2003). Values exceeding
6 mm indicate the need for treatment before secondary
brain injuries occur (Du Plessis 1998). Therefore, despite
the AHW measurements like the VHRs in this study
being larger (3.18 mm average for healthy infants) than
reported reference values for developed countries
(Brouwer et al. 2010), they only warrant close monitoring
and possible treatment in a few patients.
Without access to neuroimaging, diagnosis and
treatment of ventriculomegaly is delayed until hydrocephalus is evident from pathologic head growth rate or
other signs of increased intracranial pressure. However,
defining pathologic head growth is contentious. A rate
of head growth up to 1 cm/wk is considered normal
(Gross and Eckerman 1983), and an increase of 2 cm/
wk is used as a cut-off for the diagnosis of hydrocephalus
(Allan et al. 1982). For subject 33, head circumference
grew approximately 1.5 cm over the first eight d of life.
From this clinical presentation, ventriculomegaly might
be suspected, but with the use of cUS and the subsequent
finding of an AHW of 10.1 mm, this diagnosis can be
confidently confirmed. Although no further scans were
obtained, 10 mm is an ominous AHW size associated
with a high risk of progressive hydrocephalus. Therefore,

AHW measurements from images obtained with an
affordable ultrasound unit can offer an earlier and more
sensitive indicator of clinically relevant ventriculomegaly
compared to the current observational methods used in
low-resource hospitals.
Qualitative findings: Evidence for a broad utility of
budget cUS
As expected, pre-term neonates had the highest incidence of GMH and IVH. The latter is comparable to the
30% incidence reported by Leijser et al. (2009) in a preterm population, while GMH and IVH incidence in the
healthy infants is higher than previously reported (Hsu
et al. 2012). As postulated by the authors of a Ugandan
study (Hagmann et al. 2010), the high incidence of
congenital infections in this population may contribute
to the high frequency of cysts (29%–41%) and parenchymal lesions (29%–43%). Small sample sizes and the
inclusion of small cysts that are likely transient and
inconsequential also play a role in bolstering these
figures.
The success of this affordable ultrasound machine in
identifying a variety of the most common cerebral abnormalities demonstrates its extensive utility as a neonatal
diagnostic tool. Early diagnosis and subsequent monitoring of abnormalities, such as edema, cystic lesions
and hemorrhage play an essential role in prognostic and
management decisions. For example, in term newborns
who suffered perinatal asphyxia, edema is a strong indicator of severe hypoxic-ischemic insult and is predicative
of poor outcome (Roland et al. 1998; Van Wezel-Meijler
et al. 2010).
Assessing the effectiveness of a novice sonographer
In addition to illustrating the utility of an affordable,
portable ultrasound unit, this study offers insight into the
expertise required to operate the machine and interpret
the images (Nguyen et al. 2011). There was in general
high agreement between the novice sonographer and
the expert in both quantitative measurements of anatomy
and qualitative identification of common abnormalities in
the neonatal brain. However, a novice observer with
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Fig. 6. Examples of the abnormalities identified in this study. (a) Edema is evidenced by diffusely increased echogenicitiy
and loss of normal tissue architecture. (b) A round periventricular cyst (double-headed arrow) can be easily visualized in
both the sagittal and coronal (inset) plane. (c) The echodense lesion (short arrow) at the caudo-thalamic groove indicates
germinal matrix hemorrhage. (d) The echogenic mass (yellow asterisk) within the lateral ventricle signifies intraventricular hemorrhage (grade I). (e) The unilateral hyperechogenic area (long arrow) near the lateral ventricle is indicative of a
parenchymal lesion. (f) A cavum septum pellucidum is evident by the presence of a fluid-filled (anechoic) space (white
asterisk) between the frontal horns.

experience performing ultrasonography had higher
agreement in measurement with an expert than an
observer of similar training who had not performed ultrasonography. This suggests acquisition of ultrasonography
may form a valuable part of training for its interpretation.
The skill sets of observers 1 and 2 in this study may
appropriately estimate East African physicians in public
hospitals who have expertise in anatomy, but a lack of
specialized experience with sonography. A Ugandan

study (Hagmann et al. 2010) illustrates that short training
sessions and posters outlining cUS protocols can prepare
physicians to successfully detect abnormalities. Additionally, a variety of hospital personnel can be trained
to operate ultrasound machines like the EMP-N5, due
to their user-friendly interface and easily adjustable settings (Shah et al. 2008).
Our results in combination with these reports
demonstrate the feasibility of including ultrasound as
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Fig. 7. Prevalence of common abnormalities in each diagnostic group. GMH 5 germinal matrix hemorrhage;
IVH 5 intraventricular hemorrhage.

part of the standard diagnostic protocol in NICUs of lowincome countries. The small size and portability of the
EMP-N5 ultrasound unit facilitated easy navigation of
crowded rooms, minimizing interference with hospital
personnel and equipment. An ultrasound unit that can
be easily operated at the bedside to assess newborn brain
health can play an extremely valuable role in low-income
countries.
The scans performed in this study permitted detection of ventriculomegaly, edema, IVH and cysts, all of
which would otherwise go unnoticed and untreated. The
effective implementation of this form of neuroimaging
will depend on basic training of hospital personnel to operate and maintain the equipment and interpret the images. This study indicates that a novice can successfully
operate the equipment but that experience with cUS is
necessary for accurate image interpretation. A practical
solution would involve training nurses to acquire cUS images to be viewed by the expert on site or by a physician at
a collaborating institution, thus allowing cranial ultrasonography to be incorporated into the standard assessment
of at-risk newborns in low-resource settings.

Limitations of the present study
The present study shows that with training it is
possible for a novice ultrasonographer to use portable,
affordable ultrasound technology in low-resource settings
to assess the newborn brain for common brain injuries
following pre-term birth or asphyxia. For this evaluation
only one ultrasonographer performed the scans. Future
studies should focus on scaling this training and technol-

ogy to include local staff, assess consistency in performance and determine the most efficient approach to
train novices. This study was also limited to one model
of portable ultrasound device. The market for affordable
ultrasonography is expanding rapidly, but no systematic
evaluation of image quality for diagnostic purposes has
been conducted. It would be valuable to assess in future
studies whether even cheaper ultrasound machines offer
the same diagnostic value as the model used here. Lastly,
establishing cranial ultrasonography as a standard of care
for infants at risk of perinatal brain injury in low-resource
settings would benefit from the same measurement
methods (e.g., for the VHR) used universally, and for
norms to be established in local populations.
Acknowledgments—We would like to thank the doctors, nurses and
administrative staff in the NICU and postnatal wards at Centre Hospitalier Universitaire de Kigali (CHUK) and Kenyatta National Hospital
(KNH) for all their help with this study. We would especially like to
recognize Dr. Vincent Dusingizimana, Dr. Joan Ongare, Dr. Rosemary
Lopokoiyot and Dr. Lucia Amolo for their assistance with recruitment.
We would also like to show our appreciation to the mothers, fathers and
guardians of the babies. Without their trust and commitment to our
research goals this study would not have been possible. We thank Michelle Tran and Andrew Nicholson for help with preparation for the
project. This study was funded by the Association of Universities and
Colleges of Canada (AUCC) and NSERC/CIHR Collaborative Health
Research Grant 414500-12.

REFERENCES
Adler D, Mgalula K, Price D, Taylor O. Introduction of a portable ultrasound unit into the health services of the Lugufu refugee camp,
Kigoma district, Tanzania. Int J Emerg Med 2008;1:261–266.
Allan WC, Holt PJ, Sawyer LR, Tito AM, Meade SK. Ventricular dilation after neonatal periventricular-intraventricular hemorrhage.

128

Ultrasound in Medicine and Biology

Natural history and therapeutic implications. Am J Dis Child 1982;
136:589–593.
Barkovich JA. Hydrocephalus. In: Barkovich JA, (ed). Pediatric neuroimaging. 4th edition. Philadelphia: Lippincott Williams & Wilkins 2005.
Brennan P, Silman A. Statistical methods for assessing observer variability in clinical measures. Br Med J 1992;304:1491–1494.
Brouwer A, Groenendaal F, van Haastert IL, Rademaker K, Hanlo P, de
Vries L. Neurodevelopmental outcome of pre-term infants with severe intraventricular hemorrhage and therapy for post-hemorrhagic
ventricular dilatation. J Pediatr 2008;152:648–654.
Brouwer MJ, de Vries LS, Pistorius L, Rademaker KJ, Groenendaal F,
Benders MJNL. Ultrasound measurements of the lateral ventricles
in neonates: Why, how and when? A systematic review. Acta Paediatr 2010;99:1298–1306.
Du Plessis AJ. Posthemorrhagic hydrocephalus and brain injury in the
pre-term infant: Dilemmas in diagnosis and management. Semin Pediatr Neurol 1998;5:161–179.
Ebruke B, Tongo O, Sofoluwe A, Orimadegun B, Obajimi M, Akinyinka O.
Intracranial ventricular sizes and correlates in term Nigerian infants at
birth and six weeks. Internet J Pediatr Neonatol 2010;11:1–7.
Grasby DC, Esterman A, Marshall P. Ultrasound grading of cerebral
ventricular dilatation in pre-term neonates. J Paediatr Child Health
2003;39:186–190.
Gross SJ, Eckerman CO. Normative early head growth in very-lowbirth-weight infants. J Pediatr 1983;103:946–949.
Hagmann CF, Robertson NJ, Acolet D, Chan D, Ondo S, Nyombi N,
Nakakeeto M, Cowan FM. Cranial ultrasound findings in well
newborn Ugandan infants. Arch Dis Child Fetal Neonatal Ed
2010;95:F338–F344.
Hagmann CF, Robertson NJ, Acolet D, Nyombi N, Ondo S, Nakakeeto M,
Cowan FM. Cerebral measurements made using cranial ultrasound in
term Ugandan newborns. Early Hum Dev 2011;87:341–347.
Hsu CL, Lee KL, Jeng MJ, Chang KP, Yang CF, Tsao PC, Lee YS,
Chen SJ, Soong WJ, Tang RB. Cranial ultrasonographic findings
in healthy full-term neonates: A retrospective review. J Chin Med
Assoc 2012;75:389–395.
Hwang J, Quistgaard J, Souquet J, Crum LA. Portable ultrasound device
for battlefield trauma. Proc IEEE Ultrasonics Symp 1998;2:
1663–1667.
Kuban K, Sanocka U, Leviton A, Allred EN, Pagano M, Dammann O,
Share J, Rosenfeld D, Abiri M, DiSalvo D, Doubilet P, Kairam R,
Kazam E, Kirpekar M, Schonfeld S. White matter disorders of
prematurity: Association with intraventricular hemorrhage and
ventriculomegaly. The Developmental Epidemiology Network.
J Pediatr 1999;134:539–546.
Lawn J, Kerber K, (eds). Opportunities for Africa’s newborns: Practical
data, policy and programmatic support for newborn care in Africa.
Geneva, Switzerland: WHO; 2006.

Volume 43, Number 1, 2017
Leijser LM, de Bru€ıne FT, Steggerda SJ, van der Grond J, Walther FJ,
van Wezel-Meijler G. Brain imaging findings in very pre-term
infants throughout the neonatal period: Part I. Incidences and evolution of lesions, comparison between ultrasound and MRI. Early Hum
Dev 2009;85:101–109.
Maunu J, Parkkola R, Rikalainen H, Lehtonen L, Haataja L,
Lapinleimu H. Brain and ventricles in very low birth weight infants
at term: A comparison among head circumference, ultrasound, and
magnetic resonance imaging. Pediatrics 2009;123:617–626.
Nguyen TQ, Flores M, Plavsic SK. Accuracy of ultrasound measurements by novices: Pixels or voxels. Donald Sch J Ultrasound Obstet
Gynecol 2011;5:303–309.
Roland EH, Poskitt K, Rodriguez E, Lupton B, Hill A. Perinatal
hypoxic-ischemic thalamic injury: Clinical features and neuroimaging. Ann Neurol 1998;44:161–166.
Sarnat HB, Sarnat MS. Neonatal encephalopathy following fetal
distress: A clinical and electroencephalographic study. Arch Neurol
1976;33:696–705.
Shah S, Epino H, Bukhman G, Umulisa I, Dushimiyimana JM,
Reichman A, Noble VE. Impact of the introduction of ultrasound
services in a limited resource setting: Rural Rwanda 2008. BMC
Int Health Hum Rights 2009;9:4.
Shah S, Noble VE, Umulisa I, Dushimiyimana JM, Bukhman G,
Mukherjee J, Rich M, Epino H. Development of an ultrasound
training curriculum in a limited resource international setting: Successes and challenges of ultrasound training in rural Rwanda. Int
J Emerg Med 2008;1:193–196.
Sondhi V, Gupta G, Gupta PK, Patnaik SK, Tshering K. Establishment
of nomograms and reference ranges for intra-cranial ventricular
dimensions and ventriculo-hemispheric ratio in newborns by ultrasonography. Acta Paediatr 2008;97:738–744.
Spencer JK, Adler RS. Utility of portable ultrasound in a community in
Ghana. J Ultrasound Med 2008;27:1735–1743.
Steinmetz JP, Berger JP. Ultrasonography as an aid to diagnosis and
treatment in a rural African hospital: A prospective study of 1,119
cases. Am J Trop Med Hyg 1999;60:119–123.
Van Wezel-Meijler G. Neonatal cranial ultrasonography: Guidelines for
the procedure and atlas of normal ultrasound anatomy. 2nd edition.
Berlin: Springer 2007.
Van Wezel-Meijler G, Steggerda SJ, Leijser LM. Cranial ultrasonography in neonates: Role and limitations. Semin Perinatol 2010;34:
28–38.
Volpe JJ. Intracranial hemorrhage: Germinal matrix-intraventricular
hemorrhage of the premature infant. In: Neurology of the newborn.
5th edition. Philadelphia: Saunders Elsevier 2008.
Volpe JJ, Pasternak JF, Allan WC. Ventricular dilation preceding rapid
head growth following neonatal intracranial hemorrhage. Am
J Dis Child 1977;131:1212–1215.

