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ABSTRACT

Keywords:

Objectives: To observe hyperechoic nodular or punctate white matter lesions (HNPL) in a population of preterm

infants using routine cranial ultrasound (cUS), to describe the characteristics of HNPL, and to compare them with
punctate white matter lesions (PWML) detected in magnetic resonance imaging (MRI).

Design: Retrospective observational single-center cohort study.

Setting: Level 2B neonatal unit in France.

Patients: 307 infants born <33 weeks gestation undergoing routine cUS with a total of 961 cUS performed.
Main outcome measures: Description of lesions (HNPL/PWML): presence or absence, number, size, location, and

structural distribution.

Results: Among the 307 included infants, 63 (20.5%) had at least one cerebral lesion, with 453 HNPL for 63
infants. HNPL were numerous (more than three in 66.6% of cases), primarily grouped in clusters (76.2%),
located near the lateral ventricles (96.8%), and measuring more than 2 mm (79%). HNPL were diagnosed on day
29 on average and persisted until term. Overall, 43 MRI were performed in 307 infants, on average 18.9 days
after last cUS, in 21 of those the indication was presence of HPNL on cUS. Of these 21 MRI, 14/21 presented 118
PWML compared to 173 HNPL on cUS. In the remaining MRI (7/21), no PWML were detected compared to 47

HNPL on cUS.

Conclusions: In our population of 307 preterm infants, cUS allowed the diagnosis of HNPL, with a large similarity
to PWML in MRI and a better sensitivity. But in the absence of data on inter-observer variability, we cannot

exclude overdiagnosis of HNPL.

1. Introduction

Infants born prematurely are at risk for neurodevelopmental im-
pairments, often related to white matter (WM) injuries. Over the last 30
years, the incidence of severe WM lesions has decreased significantly
[1], whereas the incidence of neurodevelopmental impairments remains
high and can even exceed 50% in infants born at 24-26 weeks gestation
[2]. Magnetic resonance imaging (MRI) of the neonatal brain has
contributed to identifying non-cystic WM lesions, which are more
localized and subtler than the larger cystic lesions seen in more severe
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WM injury, appearing as punctate high signal intensity lesions on
T1-weighted imaging. These punctate white matter lesions (PWML) are
identified in 18%-35% of preterm infants born <33 weeks gestation [3].
Their involvement in neurodevelopmental abnormalities was recently
confirmed [4-8], making their diagnosis an important objective for MRI.
However, there are several limitations in this respect. The indications for
MRI vary depending on the neonatal units and the often-limited avail-
ability of this specialized imaging technique. While a few neonatal units
include MRI in their routine care of infants born <32 weeks gestation [6,
9], the majority only use it for infants born <28 weeks gestation or in the
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case of significant abnormalities detected on cranial ultrasound (cUS)
[10,11], representing less than 35% of preterm infants born <32 weeks
gestation based on the Epipage2 cohort [12]. This heterogeneity of
practices means that the screening for PWML is quite random. Finally,
PWML tend to fade over time and 1/3 of cases may have disappeared at
term [10,13-15].

Given its major advantages, including the low cost, the sequential
use of ultrasound in the entire population of preterm infants could
facilitate the broader screening for PWML. However, PWML, which are
suspected on ultrasound at best in less than 50% of cases [16], are
mostly undiagnosed on cUS [4] and have not been systematically
described in the literature.

The objective of this study was to observe hyperechoic nodular or
punctate white matter lesions (HNPL) in a population of preterm infants
using routine cUS, to describe HNPL characteristics, and then to
compare them with the PWML described in MRI.

2. Patients and methods

2.1. Patients

This is a monocentric retrospective study. Between January 2013
and December 2016, 332 consecutive preterm infants born <33 weeks
gestation were hospitalized in the neonatal unit (maternity level 2B),
either at birth or after discharge from the NICU.

A total of 25 infants were excluded: two deaths in thefirst 24 h, seven
intensive care transfers, five congenital malformations, three infants
who did not undergo cUS, one parent refusal and 7 infants which parents
were unreachable (Fig. 1). Consequently, 307 families provided consent
in line with the French and European legislation. The study was
approved by the Ethics Committee CPP SUD-EST VI (2022/CE47).

An initial retrospective review of all cUS examinations performed in
the 307 remaining infants, classified the infants into two groups based
on the presence of nodular WM lesions: cUSgroupl (HNPL+) with at
least one HNPL and cUSgroup2 (HNPL-) without HNPL.

A second review of the cUSgroupl described the characteristics of
the lesions. The retrospective HNPL + classification was then compared
with the classification made during the neonatal stay.

After these two retrospective reviews, each infant’s medical record
was reviewed for MRI analysis. In cUSgroupl, 21 infants had MRI

images (MRIgroupl). In cUSgroup2, 22 infants with MRI images were
identified (MRIgroup2). These images were reviewed by two indepen-
dent neuroradiologists.

2.2. Cranial UltraSound (cUS)

2.2.1. Examinations

cUS were performed, by 5 neonatologists, every 2 weeks, upon
admission to the unit, until discharge, and at term using a Siemens
Acuson 2000 ultrasound system with a 10V4 neonatal vector probe,
routinely supplemented by a Multi-D matrix 9L4 linear probe and dy-
namic sequences (DS) in coronal sections (about 300 images). The im-
ages and DS were stored on an external hard drive and viewed using a
Dicom viewer (RadiAnt Dicom viewer, Medixant). cUS were repeated on
average 2.19 times per child.

2.2.2. Assessment of brain lesions on cUS

The neonatologist, who reviewed retrospectively all the cUS, has 25
years of experience in the field consolidated by exchanges with regional
neuropediatricians. Interobserver variability studies were not performed
due to a lack of regional expert.

The following criteria were used to define HNPL: hyperechoic lesions
with a round or oval shape >2 mm or punctate lesions measuring 1-2
mm, at least or nearly as echoic as the choroid plexuses [17], located in
deep or periventricular WM, halfway between the lateral ventricles (LV)
and the depths of the cortical sulci or in the axis of the convolutions
(Supplemental Fig. 1). These lesions did not show any physiological
hyperechoic characteristics [18,19].

The linear distribution of the HNPL was defined as nodular lesions
aligned in parallel to the axis of LV frontal horns (Supplemental Fig. 1),
whereas the cluster appearance of HNPL was defined as single or mul-
tiple lesions, grouped together in clusters without alignment.

The diagnosis “HNPL+" was retained if at least one lesion was
detected by at least one cUS. In the absence of specific training in HNPL
diagnosis, either in-house or by external reviewers, initial diagnosis and
review could only be performed by the principal author. So, cross-
reading was not possible. The lead author performed a total of 506/
961 cUS (1-5 cUS per child, in 80.6% of children).

332 preterm infants

<33 weeks gestation

- = 25 not included :

307 infants I nbile fam
with = 1 cUS
1st review
according to HNPL status
2nd review to cUS1 HNPL+ clUS2 HNPL-
describe HNPL 63 infants with HNPL 244 infants without HNPI
MRI1 PWML MRIZ PWML
21 infants with MAT 22 infants with MRI

HNPL+ / PWML+

Fig. 1. Flow diagram of the study participants

HNPL+ / PWML-
14 infants with PRVML 7 infants without PWML

HNPL- / PWML-
22 infants without PIWML

Abbreviation: cUS: cranial UltraSound; HNPL: Hyperechoic Nodular or Punctate white matter Lesions; MRI: Magnetic Resonance Imaging; PWML: Punctate White

Matter lesions.



2.2.3. Additional cUS methodology

For the 21 infants who presented the most HNPL (14 with more than
ten HNPL and 7 with between four and ten HNPL), the 2D ultrasound
images were transformed into 3D cUS from DS obtained by a free-hand
ultrasound sweep around an axis represented by the coronal suture
[20-23]. For these 21 infants, HNPL were manually segmented on a
touch screen computer (Surface Studio 28", open-access software mitk)

and arranged in a common reference frame [24]. This 3D reconstruction
method allowed cUS and MRI images to be compared in strictly similar
plan, especially in the axial plane.

2.3. MRI

2.3.1. MRI examination

Because this is a retrospective study, MRI indications were in line
with the current clinical practice of the unit. Brain MRI was performed at
term in the general radiology department of the hospital, either because
of suspected PWML on cUS (on average 12 HNPL per child) or routinely
in infants born <28 weeks gestation or in those presenting significant
abnormalities other than HNPL on cUS, such as significant white matter
lesions (cPVL, PHI) or primary ventricular dilatation. cUS and MRI were
not done on the same day, for logistical reasons. The average time from
last cUS to MRI was 18.9 days + 24.3.

2.3.2. Brain MRI analysis

MRI images were interpreted by a radiologist trained in neonatal
brain injury. The presence of PWML as well as their number, location,
and type (linear, cluster, or mixed) were detailed. Two external expert
pediatric neuroradiologists, who knew the ultrasound diagnosis, con-
ducted their unblinded review together. No interrater variability study
was performed. The characteristics of lesions were compared with the
HNPL observed on cUS.

2.3.3. MRI protocol

The examinations were performed with Achieva system 1,5T (Philips
Healthcare, Best, the Netherlands), a 16 channels adultantenna, without
sedation, with swaddling in a Cocoonababy foam cocoon (Redcastle),
using a 3 M earplug and a Philips headset, after a bottle.

The routine protocol included: 3DT1-weighted, TR 7,8 ms,TE 3,6 ms,
slice thickness 1,1 mm, Gap 0 mm,T1-weighted SE axial, TR 696 ms,TE
12 ms,slice thickness 3,5 mm, gap 0,5 a 1 mm, T2-weighted axial, TR
4500 ms, TE 200 ms, slice thickness 4,5 mm, gap 1 mm, T2*-weighted
GRE, TR 638 ms, TE 23 ms,slice thickness 5,3 mm, gap 1 mm, Diffusion
HR sense, TR 4206 ms, TE 75 ms, slice thickness 4 mm, gap 1 mm.

2.4. Data collection and statistical analysis

Statistical analyses were performed using IBM SPSS Statistics version
20.0 (IBM SPSS Inc., Chicago, IL, USA). Quantitative variables are pre-
sented as means with standard deviations (SD) and 95% confidence
intervals (CI) or as medians with interquartile ranges. Qualitative vari-
ables are presented as numbers and percentages with 95% CI. The
relation between two qualitative variables (comparison of percentages)
was evaluated using Pearson’s chi-square test or Fisher’s test exact
where applicable. The relation between quantitative and qualitative
variables with two modalities was evaluated using Student’s t-test for
independent samples. The level of significance was fixed at p < 0.05.

3. Results
3.1. Patient characteristics

The study included 307 infants (162 boys and 145 girls) with a mean
gestational age of 30.2 weeks (+1.88) at delivery and a mean birth

weight of 1430g (£374). In total, 104 infants (33.9%) were twins, and
220 were born by cesarian section (71.7%) (Table 1). The first review of

Table 1

Comparison of maternal and neonatal clinical characteristics of the two groups
with and without HNPL on cUS. HNPL: hyperechoic, nodular or punctate white
matter lesions; SD: standard deviation; *Ophthalmoscopy performed in 70% of
infants; White matter lesions (periventricular hemorrhagic infarction, kystic and
non kystic leukomalacia).

TOTAL HNPL - HNPL + p-
n=307 n=244  n=63 value
Antenatal complications
Intrauterine growth 21 (6.8%) 16 (6.6%) 5 (7.9%) 0.699
restriction (IUGR) — n (%)
Preeclampsia — n (%) 75 66 9 0.036*
(24.4%) (27.0%) (14.3%)
Pre-labor rupture of 111 85 26 0.343
membrane (PRM) — n (%) (36.2%) (34.8%) (41.3%)
Chorioamnionitis — n (%) 40 30 10 0.452
(13.0%) (12.3%) (15.9%)
Mode of delivery
Induction — n (%) 159 132 27 0.111
(51.8%) (54.1%) (42.9%)
C-section — n (%) 220 176 44 0.719
(71.7%) (72.1%) (69.8%)
Antenatal treatment or during labor
Antenatal corticosteroid 221 182 39 0.046*
therapy — n (%) (72.0%) (74.6%) (61.9%)
Sulfate magnesium++ - n 72 50 22 0.016*
(%) (23.5%) (20.5%) (34.9%)
Infant characteristics
Gestational age (weeks) — 30.2 30.2 30.3 0.684
mean (SD) (1.88) (1.92) 1.749)
Birth weight (g) — mean (SD) 1430 1419 1476 0.267
(374) (369) (390)
Sex ratio M/F — n (%) 162/145 129/115 33/30 0.945
Twin zygosity — n (%) 104 83 21 0.919
(33.9%) (34.0%) (33.3%)
Apgar score — mean (SD) 8.78 8.8 (1.70) 8.73 0.776
(1.67) 1.57)
Arterial pH — mean (SD) 7.26 7.26 7.26 0.845
(0.12) (0.12) (0.13)
Infant treatments
Intubation — n (%) 19 (6.2%) 16 (6.6%) 3 (4.8%) 0.774
Mechanical ventilation —n (%) 102 75 27 0.069
(33.2%) (30.7%) (42.9%)
Surfactant treatment — n (%) 115 84 31 0.031*
(37.5%) (34.4%) (49.2%)
Days of oxygen ventilation — 11.36 12.13 7.2 0.644
mean (SD) (58.63) (63.23) (19.38)
Catecholamine treatment — n 11 (3.6%) 8 (3.3%) 3 (4.8%) 0.702
(%)
Total parenteral nutrition — n 7 (2.3%) 6 (2.5%) 1 (1.6%) 1
(%)
Infant complications
Early onset neonatal sepsis—n 5 (1.6%) 4 (1.6%) 1 (1.6%) 1
(%)
Sepsis — n (%) 37 27 10 0.296
(12.1%) (11.1%) (15.9%)
Infantile respiratory distress 125 92 33 0.035*
syndrome - n (%) (40.7%) (37.7%) (52.4%)
Bronchopulmonary dysplasia 18 (5.9%) 13 (5.3%) 5 (7.9%) 0.432
-n (%)
Necrotizing enterocolitis — n 12 (3.9%) 10 (4.1%) 2 (3.2%) 1
(%)
Patent ductus arteriosus — n 25 (8.1%) 17 (7.0%) 8(12.7%)  0.306
(%)
Retinopathy of prematurity — 47 40 7 (16.3%)  0.413
n (%)* (21.9%) (23.3%)
Pathological neurological 7 (2.3%) 5(2.0%) 2 (3.2%) 0.637
exploration — n (%)
Intraventricular hemorrhage 19 (6.2%) 13 (5.3%) 6 (9.5%) 0.218
grade 2-3 —n (%)
White matter lesions — n (%) 12 (3.9%) 6 (2.5%) 6 (9.5%) 0.010%




all cUS examination identified 63 infants with at least one HNPL and 244
infants without any HNPL (Fig. 1).

3.2. Between-group differences

The two populations with and without HNPL were comparable for
most descriptive items. Nevertheless, the presence of HNPL was signif-
icantly associated with respiratory distress syndrome (p = 0.035), sur-
factant treatment (p = 0.031), WM lesions (periventricular hemorrhagic
infarction, cystic or noncystic leukomalacia (p = 0.010), and magnesium
sulfate administration (p = 0.016), while it was inversely correlated with
preeclampsia (p = 0.036) and antenatal corticosteroid therapy (p =
0.046) (Table 1).

3.3. Ultrasound examinations

A total of 961 cUS were performed in 307 included infants. HNPL
were identified in 63 infants (20.5%), with an increasing prevalence
over the 4 years of the study (Table 2) due to a probable learning curve.
The presence of HNPL was confirmed on several consecutive cUS. cUS
were repeated on average 2.19 times per child.

These 63 infants had a total of 453 HNPL. The lesion load per infant,
their size, location, and type are summarized in Table 3. Nodular lesions
were primarily isolated or grouped in clusters (76.2%) andlocated in the
central WM region (82.5%) with regard to the LV. Almost half of infants
(44.4%) had four to ten lesions, often very large and measuring 2-5 mm
(67.1%) (Table 3).

On average, the diagnosis was made on day 29, corresponding to a
corrected age of 34 weeks + 6. The lesions persisted until the end of the
neonatal stay and were still observable atterm (38 weeks + 1). In 24% of
cases, we observed an attenuation of echogenicity of the lesions, but
never their disappearance.

Punctate lesions were isoechoic to the choroid plexuses in 92% of
cases. Their echogenicity increased during the stay in 3.4% of cases,
remained stable in the majority of cases (72%), or regressed without
completely disappearing in 24.6% of infants (data not shown).

The 3D lesion map showed the grouping of HNPL in the central WM
region, alongside and at a distance from the LV frontal horns (coronal
view, Fig. 2).

3.4. MRI

MRI was performed in 43 out of 307 infants (14%). In cUSgroup1, 21
MRI (MRIgroupl) were conducted at a PMA of 39 weeks + 5 (range: 35
weeks + 3-50 weeks). Fourteen out of these 21 MRI (HNPL+/PWML+)
identified 118 PWML: five cases were linear, seven were clustered, and
two were mixed (Table 4). The remaining seven MRI (HNPL+/PWML-)
did not show any PWML. A post-IVH grade 3 triventricular dilatation
and a perforator stroke were identified.

T2*-weighted sequences identified three cases of periventricular
hemosiderin deposition (HIV1), twice associated with PWML. In one
infant, a small isolated hemorrhage was detected under the frontal
cortex. No PWML were associated with a distinct hyposignal compatible
with hemorrhage. All MRI lesions were also detected by cUS.

Table 2

Concordance between the initial HPNL + diagnosis by cUS during the neonatal
stay (initial diagnosis), and the final diagnosis retained for the study after the
first screening. HNPL: hyperechoic, nodular, or punctate white matter lesion.

Years 2013 2014 2015 2016
Preterm infants gestational 74 98 65 70
age < 33 weeks
Number of HNPL+ (%) 5 (6.8%) 13 20 25
(13.3%) (30.8%) (35.7%)
Concordance initial/final 5/5 7/13 14/20 19/25
diagnosis (%) (100%) (53.8%) (70%) (76%)

Table 3
Characteristics of hyperechoic, nodular, or punctate white matter lesions.
Overall: diffuse localized lesions, i.e., in at least two of the mentioned regions.

Number - n (%) Total - n
Appearance (n = infants)
Linear 9 (14.3) 63
Cluster 48 (76.2)
Mixed 6 (9.7)
Location (n = infants)
Anterior 0 (0) 63
Central 52 (82.5)
Posterior 2(3,2)
Overall 9 (14.3)
Lesion Load (n = infants)
1-3 21 (33.3) 63
4-10 28 (44.4)
>10 14 (22.2)
Size (n = lesions)
<2 mm 96 (21.2) 453
2<..<5mm 304 (67.1)
>5 mm 53 (11.7)

In cUSgroup2, 22 MRI (MRI group 2) were performed at a PMA of 41
weeks + 5 (range: 34 weeks + 2-55 weeks + 2), detecting four post-IVH
grade 2-3 with dilatation, one perforator ischemic stroke, one superior
longitudinal sinus thrombosis, and two cystic WM lesions (one cystic
periventricular leukomalacia with periventricular hemorrhagic infarc-
tion and one unilateral periventricular hemorrhagic infarction). In this
group, only one child showed one isolated low-intensity lesion with no
other associated white matter lesion. Overall, 14 MRI were normal. All
MRI lesions were also detected by cUS.

3.5. Comparison between cUS and MRI

In the HNPL+/PWML + subgroup, cUS identified 173 HNPL (four
linear, five cluster, and four mixed), while MRI only detected 118 PWML
(five linear, seven cluster, and two mixed) (Table 4).

In the HNPL+/PWML-subgroup, cUS identified 47 HNPL (one linear
and six cluster), while no PWML were detected with MRI (Table 4).

In terms of morphology, the HNPL can be similar to the PWML
detected in MRI in terms of their location, size, and shape. The lesions
with a linear pattern were parallel to the LV frontal horns in 4 out of 5
cases (Fig. 3).

For the 3D reconstruction, we chose the 3D US slices most similar to
the MRI slices and observed many similarities between HNPL and
PWML, in the axial and coronal planes which are usually inaccessible on
cUS. These similarities were particularly visible in five infants from the
HNPL+/PWML + subgroup (Fig. 4) in terms of their location (AA’/BB’
and KK’/LL’), size, and shape (EE’/FF’ and II’/JJ), notably the comma-
shaped appearance of one PWML in the left semioval centrum (EE’/FF’).

4. Discussion

The aim of this study was to retrospectively analyze HNPL identified
on cUS in a population of preterm infants and to compare them with
PWML detected in MRI.

This investigation allowed us to observe that several HNPL charac-
teristics such as the shape, size, or location of the hyperechoic lesions
can be superposed on the WM hypersignals in T1-weighted MRI. In
addition, we showed some hyperechoic nodules were aligned with
periventricular WM along the LV anterior horns, observed in the same
location on both parasagittal cUS and sagittal T1-weighted MRI slices.
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Fig. 2. 3D lesion map

Distribution map in the 3 spatial planes (B: Axial plan, C: Coronal plan, D: Sagittal plan) of HNPL (in dark grey) segmented manually on cUS 3D (obtained after
reconstruction from images of 2D dynamic sequences) in 21 of the 63 children of the HNPL + cohort. Abbreviation: LV: Lateral Ventricles; cUS: cranial UltraSound;

HNPL: Hyperechoic Nodular or Punctate white matter Lesions (in dark grey).

Table 4

Comparison of cUS and MRI imaging in 21 HNPL + children who underwent an MRI (MRI group 1): number of children and lesions according to the lesion shape.
HNPL: hyperechoic, nodular, or punctate white matter lesion. PWML: Punctate White Matter Lesion.

Lesion shape Infants (n)

Lesions (n)

HNPL+/PWML-+ HNPL+/PWML- HNPL+/PWML+ HNPL+/PWML-

HNPL PWML HNPL PWML HNPL PWML HNPL PWML
Linear 4 5 1 80 44 10 0
Cluster 6 7 6 27 38 37 0
Mixed 4 2 0 66 36 0 0
Total 14 14 7 173 118 47 0

This linear pattern has already been described in the MRI-literature [10,
25,26].

This study confirmed a mean incidence of HNPL of around 20%,
which is described in the literature for PWML [27,28]. Even if the
existing MRI-data are heterogeneous [4,13,29], several risk factors for
PWML were identified in this study on HNPL: hypertension [29], no
steroid therapy, immediate intubation [13,29], mechanical ventilation
[4,15]. Regarding neuroprotection with magnesium sulfate, the para-
doxically higher prevalence of HNPL (29% vs. 17%, p < 0.03) could be
explained by a lower gestational age (29.24 S A vs. 30.52, p < 0.001)
and a more frequent association with sepsis (19% vs. 10%, p < 0.028) or
bronchopulmonary dysplasia (11% vs. 4%, p < 0.043). In addition,
during the study period, the indication for neuroprotection with mag-
nesium sulfate was not yet protocolized and was left to the responsibility
of each practitioner, which probably explains the lower gestational age.

Aside from the similarities between HNPL and PWML, there are
several differences. In our study, HNPL persisted until term even if
attenuated in 24.6% of cases, whereas in the literature, PWML regressed
and disappeared in more than a third of cases [10,13,15]. In children
undergoing MRI due to the presence HNPL on cUS, only two-thirds

presented PWML and in smaller quantities. In this study, almost twice
as many lesions were identified on cUS than in MRI.

In the literature, PWML described in MRI over the past 20 years are
rarely suspected on ultrasound, at best in less than 50% of cases [16].
They are mostly undiagnosed on cUS [4] and have not been systemati-
cally described. A recent US classification of WM abnormalities was
proposed by the eurUS.brain group, including hyperechoic masses
labelled as punctate gliosis, hyperechoic gliotic nodules, or clusters of
multiple hyperechoic dots [19].

High-end ultrasound and high-resolution linear probes with large
angles of insonation can more accurately describe WM abnormalities
[19,30]. In our study, the routine use of a Multi-D matrix 1.5D linear
probe with a large trapezoidal field resulted in the better detection of
punctate lesions on cUS compared to MRI. This unusual finding can be
partly explained by the better contrast resolution of the linear
pseudo-matrix probes, thanks to the layout of piezoelectric crystals in
three parallel rows used in this study [31].

In our study, cUS was more sensitive than MRI, which is surprising
given the difficulties associated with the cUS diagnosis of PWML.
Nevertheless, the detection of PWML in MRI depends on the type and



Fig. 3. Comparison of sagittal US and MRI

Comparison of sagittal US (A, C, E, G, I and K) and MRI (B, D, F, H, J and L) slices, in a close plane, taken close to term, on the same day, in 6 children with a linear
form of lesions. Arrows showed HNPL or PWML on cUS 2D or MRI images, respectively. Abbreviation: cUS: cranial UltraSound; HNPL: Hyperechoic Nodular or
Punctate white matter Lesions; MRI: Magnetic Resonance Imaging; PWML: Punctate White Matter lesions.

spatial resolution of the sequences [32]. Ideally, the voxels should be
less than 1 mm® on the 3D sequences [3], as in our study (1.1x1.1 x 1.1
mm), even if the magnetic field strength was only 1.5T. The pixels on
cUS (0.168 x 0.168 mm with the 914 probe) were much smaller than in
MRI, which could partly explain the better spatial resolution of cUS in
this study, and indirectly, the persistence of HNPL during the neonatal

stay.

The high precision of new linear probes, like the one we’ve used, has
allowed us to observe these HNPL. It has also changed our practice,
allowing us to get much finer images of the white matter echo structure,
especially regarding arterial vascularization, which must be differenti-
ated from punctate lesions. In complex cases, reviewing the dynamic
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Fig. 4. Comparison of 3D cUS and T1 MRI axial and coronal sections

MRI

Comparison in an almost identical plane of the 3D cUS (A, C, E, G, I and K) and T1 MRI sections (B, D, F, H, J, and L) taken close to the term, on the same day, in 6
children with a linear or mixed form of HNPL (cUS 3D sections made by the research laboratory Creatis- Insa, Université Lyon1, after 3D reconstruction of 2D
dynamic sequences obtained by hand-free scanning). The axial (A, B, C, D, E, F, G and H) and coronal (I, J, K and L) sections were shown. A’, B’, C’, D', E’, F', G', H’,
I', J’, K’ and L’ images were the enlargement of A, B, C, D, E, F, G, H, I, J, K and L images, respectively. Arrows showed HNPL or PWML on cUS 3D or MRI images
respectively. Abbreviation: cUS: cranial UltraSound; HNPL: Hyperechoic Nodular or Punctate white matter Lesions; MRI: Magnetic Resonance Imaging; PWML:

Punctate White Matter lesions.

sequences, image by image, to obtain a volumetric image of the lesion,
has often been a key to our conclusions.

2D cUS did not accurately localize the lesions in the coronal and
sagittal slices or even produce axial slices. 3D ultrasound has long since
proven its value in pediatrics, particularly on cUS [33,34], for which its
diagnostic performance is equivalent to 2D cUS for the majority of ab-
normalities with a considerable saving of time [35,36].

The use of a 3D matrix of images obtained from the coronal DS
allowed us to compare for some infants the location of the lesions, their
size, and shape in the three radiological planes, particularly the axial
plane, which is completely inaccessible on cUS. In these cases, HNPL
were very similar to PWML identified in MRI.

This study presents several others limitations, particularly because of

its retrospective and monocentric nature. Due to the lack of expert
reviewer, we were not able to study the interobserver variability. MRI
was performed on a 1.5T system and a 3T system would probably have
detected more PWML. As both examinations were performed according
to standard practice, cUS and MRI were not performed on the same day.
There was a time interval between last cUS and MRI. This may have
played a role in the underestimation of PWML on MRI. Moreover, the
diagnosis of HNPL followed a learning curve during the study, and HNPL
were only exhaustively verified in the last 2 years following the sys-
tematic use of DS.

Even in favorable examination conditions, the diagnosis of punctate
lesions on cUS remains challenging, especially for small lesions, pe-
ripheral lesions, or slightly echogenic lesions. Several diagnoses of



punctate lesions were missing and were only made during the inter-
pretation phase, notably at the start of the study. Conversely, it is
possible to overestimate the diagnosis of HNPL, especially in cases of
misinterpretation of vascular images or calcifications. In addition, their
diagnosis required the use of high-end cUS, which does not always meet
the versatility and mobility requirements for ultrasounds in neonatal
units.

In addition to the difficulty in diagnosing these subtle WM lesions,
interobserver variability is another important limitation on cUS
[37-40].

This highlights the value of computer-assisted technology for the
diagnosis and image processing [19] and artificial intelligence algo-
rithms for the automatic detection of the lesions [22-24]. A prospective
study comparing 2D/3D cUS and MRI could confirm the similarity be-
tween HNPL and PWML and also train artificial intelligence algorithms
to improve the cUS identification of PWML in routine practice.

Another prospective study is needed to confirm the improved
sensitivity of ultrasound observed in this study. In practice, this diag-
nosis remains difficult, requiring a top-of-the-range cUS equipped with a
linear probe and an adaptation of the examination protocol. This first
description of PWML on cUS highlights the possibility of diagnosing
preterm infants who cannot benefit from MRI and underlines the
importance of developing diagnostic assistance technology adapted to
ultrasound.

5. Conclusion

The hyperechoic nodular WM lesions presented in this retrospective
study show a great similarity with the PWML described in MRI in the
literature. To our knowledge, HNPL have not been systematically
described. Technological advances in imaging could facilitate the US
diagnosis of PWML, which remains challenging, particularly in the large
population of preterm infants who do not benefit from MRI.
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