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The utility of the fronto-temporal horn ratio on cranial
ultrasound in premature newborns: a ventriculomegaly marker
Rawad Obeid1, Marni Jacobs2, Taeun Chang3, An N. Massaro4,5,6, Eresha Bluth5, Jonathan G. Murnick7, Dorothy Bulas7,
Anjum Bandarkar7, Chima Oluigbo8 and Anna A. Penn4,5,6,9

BACKGROUND: The aims of this study were to find the normal value of fronto-temporal horn ratio (FTHR) as a marker of
ventriculomegaly on cranial ultrasound (CUS) in premature newborns and the relation to white matter injury (WMI) and cerebral
palsy (CP).
METHODS: This is a retrospective study of newborns admitted between 2011 and 2014. Inclusion criteria were: (1) gestation
<29 weeks, (2) birth weight ≤1500 g, (3) referred within 7 days of life, (4) at least two CUS preformed, (5) brain magnetic resonance
imaging (MRI) at term age-equivalent. Intraventricular hemorrhage (IVH) grade was identified and FTHR was measured on all CUS.
WMI on MRI was evaluated through (1) injury score (Kidokoro 2013) and (2) fractional anisotropy (FA) on the MRI diffusion tensor
imaging. CP was estimated using the gross motor function classification system (GMFCS).
RESULTS: One hundred neonates met the inclusion criteria: 37 with no IVH, 36 with IVH grade 1–2, and 27 with IVH grade 3–4. The
FTHR cut-point of 0.51 had the highest sensitivity and specificity for moderate-to-severe WMI. In the IVH grade 3–4 group, the
elevated FTHR correlated with lower FA and higher GMFCS.
CONCLUSIONS: FTHR is a useful quantitative biomarker of ventriculomegaly in preterm newborns. It may help standardize
ventricular measurement and direct intervention.
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IMPACT:

● The fronto-temporal horn ratio has the potential to become a standardized tool that can provide an actionable measure to
direct intervention for post-hemorrhagic ventricular dilation.

● This current study will provide the basis of a future clinical trial to optimize intervention timing to decrease the risk of white
matter injury in this vulnerable population.

Extremely preterm infants born <29 weeks gestational age (GA)
are at high risk for cerebral palsy (CP) and other brain injuries.1

Infants with intraventricular hemorrhage (IVH) followed by post-
hemorrhagic ventricular dilation (PHVD) are at the highest risk.2–5

PHVD can compromise the developing white matter tracts around
the ventricles, leading to the white matter injury (WMI) associated
with CP.6,7 In recent decades, bedside cranial ultrasound (CUS) has
allowed clinicians to identify IVH and monitor progression of
PHVD.8

The increase in size of the lateral ventricles on a two-
dimensional plane, as a marker of PHVD, correlates with adverse
long-term outcome.4 There is no expert consensus, however, on
how to estimate the dilation of the lateral ventricles. There is also
lack of agreement on the degree of PHVD that requires treatment
to avoid life-long sequelae,9 largely because the point at which

PHVD leads to WMI has not been determined. The ventricular
index (VI) and anterior horn width10 are two parameters that have
been used to estimate the size of the lateral ventricles on CUS. The
recent ELVIS trial that used these two parameters to decide early
vs. late treatment for PHVD did not show a difference in the
composite outcome of ventriculoperitoneal shunt (VPS) placement
and death between the two groups, but an improvement in the
composite outcome of death, CP, and cognitive outcome in the
early intervention group at the 2 years follow-up.11–13

Alternatively, the fronto-temporal horn ratio (FTHR) (Fig. 1) is a
CUS parameter to estimate lateral ventricular dilation. FTHR
demonstrates excellent inter-rater reliability and correlates well
with three-dimensional ventricular volumes in older children.14,15

It also accounts for the bi-parietal diameter of the brain, and the
major marking point for measurement (the foramen of Monro) is
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relatively easy to identify on the coronal sections of the
CUS images. A similar parameter, the fronto-occipital horn ratio
(FOHR), was recently used to develop a standardized algorithm
to decide intervention for PHVD among multiple centers.16

However, the value of this parameter for the different grades of
IVH in premature newborns has not been studied nor its relation
to WMI.
In this study, we aim to define normative FTHR measures across

GA in preterm infants and to relate the FTHR trajectories to WMI
assessed on brain magnetic resonance imaging (MRI) at term age-
equivalent and the motor developmental outcome at
15–20 months corrected age. We hypothesize that accelerated
FTHR trajectories in infants with IVH will be associated with higher
degree of WMI assessed by qualitative and quantitative MRI.

METHOD AND DESIGN
This is a retrospective study of out-born extremely premature
infants who were admitted to the level IV neonatal intensive care
unit (NICU) at Children’s National Hospital (CNH) between the
years 2011 and 2014. The institutional review board approved the
study. Inclusion criteria were: (1) birth at <29 weeks GA, (2) birth
weight (BW) ≤1500 g, (3) referral to CNHs within 7 days of life and
survived till term equivalent age, (4) at least two CUS performed,
and (5) brain MRI at term age-equivalent. Exclusion criteria were:
(1) newborns with significant congenital brain anomalies/mal-
formations and (2) extra-axial hemorrhage.
All charts were reviewed to identify the exact GA at birth in

weeks, BW in grams, sex, twin gestation, and significant neonatal
comorbidities (necrotizing enterocolitis defined as feeding intol-
erance with abdominal distention, sepsis with a positive blood
culture, patent ductus arteriosus on echocardiogram requiring
either medical and/or surgical treatments, and bronchopulmonary
dysplasia with supplemental oxygen requirement at 36 weeks
postmenstrual age (PMA)).
We also identified the different procedures performed during

the NICU course, whether temporizing or permanent, to drain the
cerebrospinal fluid (CSF) as a treatment for PHVD. This included
serial lumbar punctures (LPs), transfontanelle ventricular taps,

ventricular access devices (VADs), and VPSs. The decision to
perform a procedure to drain CSF is done by the pediatric
neurosurgeon and based on the finding of progressive ventricu-
lomegaly on weekly CUS and excessive head growth on daily head
circumference measurement.

Cranial ultrasound
As part of our center’s guidelines, CUS is done on all premature
newborns <32 weeks GA within 24 h after admission. If no IVH,
CUS is repeated at 7, 14, and 42 days of life per the American
Academy of Neurology practice parameters.8 In cases of IVH, CUS
is repeated weekly to monitor for PHVD, until IVH and/or PHVD is
stable or resolved on at least two consecutive scans. If there is
progression of PHVD on two or more CUS, a neurosurgical
consultation is requested to evaluate for a temporizing or
permanent surgical intervention to divert CSF. CUS were
performed using a GE LOGIQ E9 (GE Healthcare Ultrasound,
Waukesha, WI). All CUS were reviewed by the primary investigator
(R.O.) to identify the presence or absence of the IVH. If IVH was
present, we identified the date of CUS when IVH first appeared
and the grade of IVH based on Papile et al.17 We followed the IVH
progression on serial CUS and considered the highest IVH grade in
the final analysis. We considered IVH grade 4 if there was
hemorrhage in the germinal matrix and an echogenic focus in the
frontal and/or parietal regions consistent with a periventricular
hemorrhagic infarct (PVHI). The IVH grade was assigned by the
primary investigator and then compared with the official report in
the medical chart. In case of disagreement, a consensus was
reached after reviewing the case with a pediatric radiologist (A.B.).
We divided the sample into three groups: No IVH, IVH grade 1–2,
and IVH grade 3–4.
The FTHR was measured and calculated by a neonatal

neurologist (R.O.) on all the CUSs as shown in Fig. 1. We tried to
include the borders of the lateral ventricles only in the
measurement of the ventricular dilation and to exclude the ex
vacuo porencephaly from the contiguous periventricular WMI.
Inter-rater reliability of FTHR measurement was assessed based

on 26 random CUS cases that were evaluated by both the primary
investigator (R.O.) and an experienced pediatric radiologist (A.B.).

Brain MRI
Brain MRI was performed using a 3-T scanner (Signa HCx; GE
Healthcare, Milwaukee, WI) with an eight-channel receiver head
coil (In Vivo Corp., Gainesville, FL). When feasible, infants were
scanned after feeding and bundling without the use of sedation.
Standard sequences included coronal volume T1- and T2-
weighted images, axial spin echo proton density, diffusion-
weighted, susceptibility-weighted, arterial spin labeling, and
sagittal midline T2-weighted images.
Term equivalent brain MRIs for all the included newborns were

identified and reviewed to assess WMI through two different
modalities. First, WMI was characterized with a previously
validated injury score.18 The score ranges between 0 and 17 (0
being normal). We considered a score of 8 as a cut-point to
differentiate between either normal or mild injury (score <8) vs.
moderate-to-severe injury (score ≥8).18 The brain MRI images were
scored by the PI after establishing inter-rater reliability with an
experienced pediatric neuro-radiologist (J.G.M.) based on 39 brain
MRI images.
Second, we used diffusion tensor imaging (DTI), performed

routinely at term equivalent age to derive quantitative measures
of white matter integrity. Fractional anisotropy (FA) value, which
reflects the directional coherence of fiber tracts and integrity of
cellular structures on the DTI image, was measured from FA maps
generated by the GE FUNCTOOL software. The quantitative
measurement of FA was performed on the General Electric
advantage windows workstation by placing manual regions of
interest (ROIs), each measuring between 9 and 9.8 mm2, in distinct

Fig. 1 The Fronto Temporal Horn Ratio (FTHR) on cranial ultrasound,
FTHR= A+ B/2D.
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regions of the white matter on the axial view (Fig. 2): (1) the
anterior third of the posterior limb of the internal capsule (PLIC),
(2) the optic radiation next to the lateral ventricle at the level of
the trigon, and (3) the three parts of the corpus callosum (genu,
body, and splenium). Symmetrical ROIs were obtained for
structures present bilaterally.

Long-term motor outcome
Infants with IVH are usually scheduled for an outpatient clinic visit
with either neurology or physical medicine. The motor function
was extrapolated from the clinic visits at 15–20 months corrected
age via chart review. If CP was suspected, we used the gross motor
function classification system-extended and revised (GMFCS-
E&R)19 to estimate the degree of motor disability with 1 being
independent walking with no assistance and 5 being no
independent walking and requiring significant assistance.

Statistical analysis
Analysis of variance with pairwise comparisons was used to
compare continuous variables, and Fisher Exact test to compare
categorical variables between IVH groups. Inter-rater reliability was
assessed by the intraclass correlation coefficient (ICC). The
association between the FTHR recorded at the first week of life
and GA in weeks was assessed using a linear regression model.
Subsequently, generalized estimating equation (GEE) models were
used to assess whether FTHR trajectories differed between the IVH
groups, both overall and stratified by IVH severity subgroup, using
PMA at the time of CUS as a measure of time and with group-by-
time interaction terms. To evaluate the association between FTHR
trajectories and WMI by qualitative and quantitative MRI, general-
ized linear models with a time-varying covariate clustered on
patient were used controlling for PMA at the time of CUS and
brain MRI. To establish the measure most strongly associated with
WMI, multiple measures were assessed, including IVH group, raw
FTHR measure, and individual FTHR slope trajectories. Based on
these analyses, the area under receiver operating curve (AUC)
estimated using binomial-logit GEE models was used to establish a
cut-point for FTHR for moderate-to-severe WMI. Ordinal regression

based on cumulative logit models was used to estimate the
association between FTHR and GMFCS score.

RESULTS
Of the 1424 premature newborns who were admitted to our
hospital between the years of 2011 and 2014, 100 met the
inclusion criteria; a total of 759 CUSs were performed during their
NICU course (Fig. 3). After CUS review, IVH groups were as follows:
37 with No IVH, 36 with IVH grades 1–2, and 27 with IVH grades
3–4. IVH was diagnosed on CUS at a median age of 3 days
after birth (range 1–23 days). There were 12 newborns who
progressed from IVH grade 1–2 to IVH grade 3–4 over a median
of 3 days (range 1–12 days). There were only two disagreements
on IVH grading between the reviewer and the CUS report in
the chart. Demographics and comorbidities by IVH group are
shown in Table 1. Overall, 20% (13/63) of infants with IVH received
at least one temporizing intervention to treat PHVD during
the NICU course. The first intervention was either serial LPs
and/or transfontanel ventricular tap (13/13) followed by the
placement of a VAD (8/13); 10/13 newborns needed a VPS prior
to discharge (all 8 who had a VAD got a VPS and 2 more). The
first temporizing intervention (LP and/or transfontanel ventricular
tap) happened at a median of 28 weeks PMA (range 26–32 weeks).
VPS was inserted at a median of 38 weeks PMA (range
34–57 weeks).
The ICC for the FTHR measurement was 0.92, suggesting a high

level of reliability. Initial mean FTHR values on CUS in the first
week of life adjusting for GA were: No IVH (n= 36) 0.44 ± 0.02, IVH
grade 1–2 (n= 32) 0.45 ± 0.02, and IVH grade 3–4 (n= 25) 0.46 ±
0.05 (p= 0.08 and 0.0004, respectively, compared to the No IVH
group). Linear modeling suggested a borderline association
between GA at birth and FTHR during the first week of life (β=
−0.004, p= 0.07).
When comparing FTHR trajectories across PMA adjusting for GA,

there were no significant difference between the trajectories of
the No IVH and IVH grade 1–2 groups (p= 0.84). There was,
however, a significant difference between these group trajectories

a b

Fig. 2 Diffusion Tensor (DTI) on Magnetic Resonance Imaging (MRI). Regions of interest (ROI) placement on the DTI images (panel a to the
left: anterior and posterior corpus callosum and posterior limbs of the interior capsules; panel b to the right: optic radiations).
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and trajectories for IVH grade 3–4 (p= 0.0007 and 0.0004,
respectively; Fig. 4).
Term equivalent brain MRIs were done at an average of 40 ±

4 weeks PMA; no significant differences in timing of MRI was
noted between the IVH groups (p= 0.07). The ICC for brain MRI
image scoring was 0.90 (high reliability). The median score of WMI
on brain MRI at term age-equivalent for the whole group was 3
(range 0–15). Newborns with IVH grade 3–4 were significantly
more likely to have moderate-to-severe brain injury (score ≥ 8)
when compared to the No IVH and IVH grade 1–2 groups (44% vs.
3% and 0%, p < 0.0001). The odds of moderate-to-severe brain
injury for a 0.05 unit increase in FTHR was 3.19 (95% CI 1.87–5.43,
p < 0.05) adjusting for GA, BW, sex, and neonatal comorbidities.

AUC was 0.91 suggesting that FTHR is a strong predictor of
moderate-to-severe injury. FTHR cut-point of 0.51 had the highest
sensitivity and specificity (90% and 89%, respectively), as
determined by the Youden’s J Index.
The FA values on DTI images were significantly lower in the

majority of brain regions in the grade 3–4 IVH group (Table 2).
The FTHR values for the whole sample inversely correlated with
the FA in all parts of the corpus callosum and optic radiations
(Table 3).
Outcome at 15–20 months corrected age was available for 77%

(21/27) of the infants in the grade 3–4 IVH group and 53% (19/36)
of the infants in the grade 1–2 IVH group. In all, 3/19 in grade 1–2
IVH were diagnosed with CP [median GMFCS of 2 (range 2–3)] vs.

1424 all premature newborns (<37
weeks gestation)

2011–2014

159 extreme premature
(<29 weeks, ≤≤1500 g)

3
with cerebral dysmorphism

100
met the inclusion criteria

37 with no IVH
(155 CUS)

36 with IVH l–ll
(l: 13/ll: 23)

27 with IVH lll–lV
(lll: 8 / lV: 19)

63 with IVH
(604 CUS)

21
no brain MRI at term age-

equivalent

35
died/withdrew care in the first

week of life

Fig. 3 The run chart of the sample, IVH (intraventricular hemorrhage), CUS (cranial ultrasound).
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16/21 in grade 3–4 IVH [median GMFCS of 4 (range 1–5)] (p < 0.01).
Using an ordinal regression model, there was a significant
association between higher FTHR and higher GMFCS values
(β= 14.02, p= 0.001), which remained significant even after
controlling for IVH group and neonatal comorbidities (p= 0.03
and p < 0.0001, respectively).
Because of the clustering of elevated FTHR values in the grade

3–4 IVH group and the likelihood of intervention, we conducted a
sub-analysis of this group separately. Within the grade 3–4 IVH
group, a subset (n= 13, 48%) had a temporizing intervention to
drain CSF due to progressive PHVD. FTHR values were significantly
higher in this subset compared to the subjects in the same group
who did not receive an intervention (average 0.63 vs. 0.48, p <
0.0001). Looking at the FTHR slopes on CUS in the intervention
subset (considering FTHR values for the CUS done prior to and
after the temporizing intervention separately), the FTHR increased
significantly by 0.03 per week (p < 0.0001) and stabilized after the
temporizing intervention (Fig. 5). The FA values on the DTI images
in the subjects who received a temporizing intervention were
significantly lower in the genu (p= 0.01), splenium (p < 0.0001),
and body (p= 0.04) of the corpus callosum compared to the no
intervention counterparts. When using a generalized linear model,
individual FTHR slopes were significantly associated with FA in the
genu and splenium of corpus callosum (Table 4) after controlling
for age at MRI and neonatal comorbidities. In the same IVH grade
3–4 group, the GMFCS scores for the intervention subset were
higher compared to the no intervention counterparts [median 4
(range 1–5) compared to a median of 2 (range 1–5) p= 0.06].
Looking at the FTHR slopes on CUS and GMFCS scores in the
intervention subset (n= 12), the association was not statistically
significant (β= 15.2, p= 0.1).
In the grade 3 IVH group (n= 8), 3/8 had a temporizing

intervention to treat PHVD. The median Kidokoro score of WMI on
term equivalent brain MRI was 4 (range 1–10) for grade 3 vs. 11
(range 4–15) for grade 4 (p= 0.02). The averages FA in all regions

in grade 3 IVH were higher when compared to the same regions in
grade 4 IVH but did not reach clinical significance. Of note, when
comparing between grade 3 IVH (n= 8) and No IVH (n= 37), the
Kidokoro score was higher in grade 3 IVH (p= 0.04) and the FA
values were lower and statistically significant in parts the corpus
callosum only [genu (p= 0.02), splenium (p= 0.02), and body
(p= 0.2)]. In all, 4/8 had information about long-term outcome,
only 1 patient developed CP with a GMFCS score of 4.

DISCUSSION
In our study, we applied a previously described parameter to
evaluate the ventricular dilation in extremely premature newborns
for the first time. We were able to estimate the normal values of
FTHR in preterm infants with relatively normal brains (no IVH) and
to evaluate the FTHR as a measure of PHVD in preterm infants with
the different grades of IVH. Radhakrishnan et al.15 found a strong
relation between the FTHR on CUS in preterm infants and MRI-
derived ventricular volume. Our study included a larger number of
newborns and evaluated FTHR at an earlier PMA. A previous study
in a similar population used the FOHR on coronal CUS images as a
marker to decide treatment for PHVD and considered a cut-off of
0.55 to define moderate dilation and plan intervention.16 This
threshold was estimated based on subjective clinical experience
rather than the data driven approach (via ROC analyses) used in
the current study. Our FTHR threshold of 0.51 had the highest
specificity and sensitivity to predict moderate-to-severe WMI
based on a validated scale.18

To be more thorough in evaluating the significance of FTHR as a
measure of PHVD and its effects on the developing white matter,
we used advanced quantitative DTI to measure FA in the white
matter regions that are known to be affected the most by the
ventricular dilation.20 We considered the FA values from the
symmetric structures independently due to the statistically
significant differences noted between the right and left optic

Table 1. Sample demographics.

A: No IVH
(n= 37)

B: IVH grade 1–2
(n= 36)

C: IVH grade 3–4
(n= 27)

Comparing A to Ba Comparing A to Ca

Male gender: n (%) 20 (54%) 21 (58%) 20 (74%) p= 0.8 p= 0.14

Av. GA in weeks ± SD 26 ± 1 26 ± 2 25 ± 1 p= 0.34 p < 0.001

Av. BW in grams ± SD 877 ± 218 834 ± 214 785 ± 211 p= 0.39 p= 0.09

Av. age in days at first CUS ± SD 3 ± 2 3 ± 3 3 ± 3 p= 0.8 p= 0.6

<10th centile birth weight for GA: n (%) 2 (5%) 2 (5%) 1 (4%) p= 1 p= 1

Twin gestation: n (%) 1 (3%) 4 (10%) 3 (11%) p= 0.2 p= 0.3

PDA requiring either medical or surgical
treatment: n (%)

17 (46%) 21 (58%) 24 (89%) p= 0.35 p < 0.001

Sepsis: n (%) 8 (22%) 16 (44%) 7 (26%) p= 0.29 p= 1

NEC: n (%) 12 (32%) 16 (44%) 7 (26%) p= 0.34 p= 0.78

BPD: n (%) 19 (51%) 27 (75%) 16 (59%) p= 0.05 p= 0.61

Intervention to treat PHVD: n (%) 0 0 13 (48%)

Motor outcome

A: No IVH
(n= 0

B: IVH grade 1–2
(n= 19)

C: IVH grade 3–4
(n= 21)

CP diagnosis: n (%) N/A 3 (15%) 16 (76%)

GMFCS ≥4 N/A 0 10

Av average, SD standard deviation, N/A not available, GA gestational age, BW birth weight, CUS cranial ultrasound, PDA patent ductus arteriosus, NEC
necrotizing enterocolitis, BPD bronchopulmonary dysplasia, PHVD post-hemorrhagic ventricular dilation, CP cerebral palsy, GMFCS gross motor function
classification system.
ap value for between-group differences based on ANOVA.
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lVH 0 1–2 3–4

30
Postmenstrual age
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lVH_GRADE 0 1 2 3 4

30
Postmenstrual age

32 34 36 38

Fig. 4 Top: FTHR trajectories for the three pre-specified groups based on postmenstrual age in weeks after adjusting for GA [IVH 0 and IVH
1–2 significantly different from IVH 3–4 (p= 0.0007 and p= 0.0004, respectively); no difference between IVH 0 and IVH 1–2 (p= 0.84)]. Bottom:
FTHR trajectories looking at every IVH group separately [significant differences: 0 vs. 4 (p= 0.0006), 1 vs. 4 (p= 0.01), and 2 vs. 4 (p= 0.001); 3
vs. 4 borderline significant (p= 0.07)].
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radiations in the No IVH and IVH grade 1–2 groups (p= 0.04 and
0.05, respectively). The FTHR values for the whole sample inversely
correlated with the FA values in all parts of the corpus callosum,
which was independent of the IVH grade and other neonatal
comorbidities. Even when considering the grade 3–4 IVH group
only, where the FTHR values were significantly higher compared
to the other groups, faster FTHR progression over time was
associated with lower FA values in most parts of the corpus
callosum, suggesting it as a sensitive marker for WMI in high-risk
newborns. An exploratory analysis of the grade 3 IVH subjects only
(to eliminate the effect of PVHI in grade 4 IVH on the outcome)
showed an elevated FTHR and comparable pattern of WMI,
although less severe. The sample was too small to compare long-
term motor outcome. It is worth mentioning that 1 of the 4
patients with grade 3 IVH and known motor outcome developed
CP with a GMFCS score of 4, this patient had severe ventriculo-
megaly and the only one who needed a VAD and then a VPS.
Similar results have been found in animal models and older
children with communicating hydrocephalus causing white matter
loss, which correlated with developmental outcome.7,21–24 The
length and thickness of the corpus callosum in premature infants

was found to be associated with neurobehavioral development
during the early life.25,26 This indicates that PHVD, especially if
progressing, may be associated with a certain pattern of WMI in
premature infants that can have significant developmental
sequelae.
The diagnosis of CP was more prevalent in grade 3–4 IVH and

the GMFCS scores, as a marker of CP severity, were also higher in
this group. It correlated significantly with the FTHR values of the
whole sample, even after adjusting for the IVH group, adding
another evidence of the potential utility of FTHR.
There was also a direction toward higher GMFCS scores in the

intervention subset of the IVH 3–4 group with CP (where there
was a relative rapid increase in FTHR over time before a
temporizing intervention is performed at a median age of
28 weeks PMA) compared to the subset with no intervention
(no PHVD) but did not reach clinical significance. Of note, we
identified two patients with CP in the IVH 3–4 group with GMFCS
scores of 5 and who did not receive an intervention for PHVD.
However, they may have qualified for an intervention due to
significant ventriculomegaly. When we excluded these two
patients from the analysis, the difference in GMFCS scores became
significant (p < 0.001) indicating that the rate of change in FTHR is
associated with worse motor outcome in infancy and suggesting
that earlier intervention could improve the outcome.
Other measures have been described to measure PHVD. de

Vries et al.27,28 investigated retrospectively two different thresh-
olds of the VI to estimate PHVD on CUS and decide intervention.
There was a tendency for a favorable outcome when interventions
were performed at a relatively low threshold (VI < 97th+ 4mm
percentile). A recent prospective study using the same VI
thresholds to decide treatment (early vs. late) did not show a
significant improvement in short-term outcome (VPS place-
ment).11 However, the early intervention group had lower
Kidokoro scores on brain MRI done at term equivalent age,29

and showed a better composite outcome of death, CP, and Bayley
scores <−2 SD at 2 years follow-up.13 While we did not compare
our results to the VI, our parameter (FTHR) has the advantage of
correlating with volumetric measurement of the lateral ventricles
and takes the brain diameter into account. Our study also adds to
the evidence that PHVD is a risk factor for significant WMI,
supporting the rationale that early treatment for PHVD may
improve outcome.
Our study has several limitations. First, the retrospective nature

of the design and the out-born cohort may have biased the
results. It is difficult to estimate the outcome of PHVD in isolation
to the other comorbidities in the extremely premature newborns.
Despite this limitation, we were able to show significant

Table 3. The association between the FTHR values on serial CUS and
the fractional anisotropy (FA) values on DTI brain MRI images.

Controlling for
IVH group only

Controlling for
IVH group,
gender, and
neonatal
comorbidities

B p B p

Left posterior limb of the internal
capsule

−0.25 0.22 −0.34 0.09

Right posterior limb of the internal
capsule

−0.20 0.09 −0.24 0.005

Left optic radiation −0.29 0.006 −0.45 0.21

Right optic radiation −0.32 0.02 −0.47 0.0003

Anterior corpus (genu) −0.46 0.006 −0.88 <0.0001

Posterior corpus (splenium) −0.83 0.0004 −1.19 <0.0001

Body of the corpus −0.37 0.02 −0.57 0.0001

FTHR fronto-temporal horn ratio, CUS cranial ultrasound, DTI diffusion
tensor imaging, MRI magnetic resonance imaging.
Statistically significant p-values are in bold.

Table 2. Fractional anisotropy (FA) values in the different brain regions by IVH group.

Fractional anisotropy value in the different brain regions based on IVH
grades: average (95% CI)

p valuea

IVH 0 IVH 1–2 IVH 3–4

Left posterior limb of the internal capsule 0.49 (0.46–0.51) 0.48 (0.46–0.51) 0.44 (0.41–0.47) 0.03

Right posterior limb of the internal capsule 0.47 (0.44–0.49) 0.48 (0.46–0.51) 0.45 (0.42–0.47) 0.17

Left optic radiation 0.37 (0.34–0.39) 0.35 (0.33–0.38) 0.29 (0.26–0.32) 0.0006

Right optic radiation 0.34 (0.32–0.37) 0.33 (0.31–0.36) 0.28 (0.25–0.31) 0.004

Anterior corpus (genu) 0.45 (0.42–0.49) 0.47 (0.43–0.50) 0.31 (0.27–0.35) <0.0001

Posterior corpus (splenium) 0.53 (0.49–0.57) 0.49 (0.45–0.53) 0.32 (0.27–0.36) <0.0001

Body corpus 0.35 (0.33–0.38) 0.36 (0.34–0.39) 0.27 (0.24–0.31) 0.0002

IVH intraventricular hemorrhage.
Statistically significant p-values are in bold.
ap value for between-group differences based on ANOVA.

The utility of the fronto-temporal horn ratio on cranial ultrasound in. . .
R Obeid et al.

1721

Pediatric Research (2021) 89:1715 – 1723



associations between FTHR and degree of WMI after adjusting for
modalities to evaluate the correlation. Second, there is a potential
bias since all the ultrasound and brain MRI were reviewed by one
reviewer. We tried to solve this bias by blinding the reviewer to
the clinical history when reviewing the imaging. The scoring
results were verified with multiple neuro-radiologists on the study
group. Third, the lack of a comprehensive long-term outcome of

PHVD is another limitation with regard to clinical implications, as
the GMFCS score is a tool to assess the degree of CP only, and it
may miss other aspect of the development that could be more
affected by PHVD (like cognition). It may not be as reliable in
children <24 months of age. Moreover, we did not account for the
size of the infarcts in the periventricular regions in group 4 IVH,
which can cause injury to the PLIC and lead to hemiplegia and
worse motor outcome.

CONCLUSION
In this study, we established FTHR as an easily applied and
quantitative biomarker of ventricular dilation and WMI in the
preterm infant. The FTHR has the potential to become a
standardized tool that can provide an actionable measure to
direct intervention for PHVD. This study will provide the basis of a
future clinical trial to optimize intervention timing to decrease the
risk of WMI in this vulnerable population.
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