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ORIGINAL RESEARCH
PEDIATRICS

An In-Depth Analysis of Brain and Spine Neuroimaging in
Children with Abusive Head Trauma:
Beyond the Classic Imaging Findings

G. Orman, S.F. Kralik, N.K. Desai, T.G. Singer, S. Kwabena, S. Risen, and T.A.G.M. Huisman

ABSTRACT

BACKGROUND AND PURPOSE: Abusive head trauma is the leading cause of morbidity and mortality in young children. Radiology pro-
vides valuable information for this challenging diagnosis, but no single neuroimaging finding is independently diagnostic of abusive head
trauma. Our purposes were to describe the prevalence of brain and spine neuroimaging findings and to analyze the association of neuro-
imaging findings with clinical factors to determine which neuroimaging findings may be used as prognostic indicators.

MATERIALS AND METHODS: Children with a confirmed abusive head trauma diagnosis between January 2018 to February 2021 were
included in this single-center retrospective study. Patient demographics, survival, Glasgow Coma Scale score on admission, length
of hospital stay, and intensive care unit stay were examined. Brain neuroimaging findings were categorized as classic and nonclassic
findings. Spine MRIs were also assessed for spinal ligamentous injury, compression fracture, and hemorrhage. The x 2 test or the
Wilcoxon rank-sum test was used for the analysis.

RESULTS: One hundred two children (male/female ratio: 75:27; average age, 9.49; range, 0.27–53.8 months) were included. Subdural
hematoma was the most common (83.3%) classic neuroimaging finding. Bridging vein thrombosis was the most common (30.4%)
nonclassic neuroimaging finding. Spinal ligamentous injury was seen in 23/49 patients. Hypoxic-ischemic injury was significantly
higher in deceased children (P = .0001). The Glasgow Coma Scale score was lower if hypoxic-ischemic injury (P, .0001) or spinal liga-
mentous injury were present (P = .017). The length of hospital stay was longer if intraventricular hemorrhage (P = .04), diffuse axonal
injury (P = .017), hypoxic-ischemic injury (P = .001), or arterial stroke (P = .0003) was present. The intensive care unit stay was longer if
intraventricular hemorrhage (P = .02), diffuse axonal injury (P = .01), hypoxic-ischemic injury (P, .0001), or spinal ligamentous injury
(P = .03) was present.

CONCLUSIONS: Our results may suggest that a combination of intraventricular hemorrhage, diffuse axonal injury, hypoxic-ischemic
injury, arterial stroke, and/or spinal ligamentous injury on neuroimaging at presentation may be used as potential poor prognostic
indicators in children with abusive head trauma.

ABBREVIATIONS: AHT ¼ abusive head trauma; AS ¼ arterial stroke; BVT ¼ bridging vein thrombosis; DAI ¼ diffuse axonal injury; EDH ¼ epidural hema-
toma; GCS ¼ Glasgow Coma Scale; HII ¼ hypoxic-ischemic injury; ICU ¼ intensive care unit; IVH ¼ intraventricular hemorrhage; LOS ¼ length of hospital stay;
PL ¼ parenchymal laceration; SDH ¼ subdural hematoma; SPH ¼ subpial hemorrhage; VS ¼ venous stroke

Quality neuroimaging and careful imaging interpretation are
essential for the diagnosis and treatment of abusive head

trauma (AHT), a leading cause of preventable morbidity and
mortality.1 A diagnosis of AHT is often challenging. The main
diagnostic challenges are that abused children are usually too
young to provide an adequate history, perpetrators are unlikely
to provide a truthful account of the trauma, and/or clinicians

may be biased that AHT is more or less likely in specific settings,
for example, depending on the socioeconomic situation of the
parents.2,3 Both false-positive or false-negative AHT diagnoses
may have critical implications for social and familial dynamics as
well as the child’s health. A false-positive diagnosis may result in
infants being removed from their homes and parents losing child
custody permanently or going to jail by mistake.3 In addition,
children who are abused are more likely to sustain repeat abuse;
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therefore, a false-negative diagnosis or missed diagnosis puts the
child at risk of possible future injury, including a fatal brain
injury.4,5

Radiology often provides critical diagnostic information for
patients with suspected AHT, especially when the clinical history
and physical examination may not reveal an abusive injury etiol-
ogy at the time of presentation.6 The optimal recommended
imaging studies are not standardized, and no single neuroimag-
ing finding is independently specific or diagnostic of AHT.2

Rather, the diagnosis of AHT depends on the multiplicity and se-
verity of imaging findings as well as consideration of the veracity
of the provided clinical history and reported mechanism of
trauma.7 Therefore, familiarity with the classic as well as the non-
classic neuroimaging findings of AHT will assist radiologists and
clinicians in a specific, sensitive, and timely diagnosis. The most
common classic finding in AHT includes subdural hematoma
(SDH) of varying CT densities and varying MR imaging signal
intensities suggesting repeated injuries. Recently, nonclassic neu-
roimaging findings such as the “lollipop sign” or “tadpole sign,”
parenchymal or cortical lacerations, and subpial hemorrhage
(SPH) have been described in the scientific literature.2,8-11

However, there is limited evidence describing and evaluating the
multiplicity of neuroimaging findings in a well-defined large
group of children with confirmed AHT.

AHT is associated with a variable outcome scale, including
mild developmental delay to severe disability and even mortality.
Neuroimaging may be helpful in identifying the prognosis of
patients with AHT by defining the extent of brain injury.
However, prognostic markers in neuroimaging in children with
AHT were rarely reported previously.

The goals of this study were the following: 1) to describe the
prevalence of classic and nonclassic brain and spine neuroimag-
ing findings in a well-defined large group of children with a con-
firmed AHT diagnosis at a quarternary Children’s Hospital; and
2) to analyze the association of neuroimaging findings with sur-
vival, Glasgow Coma Scale (GCS) score on admission, length of
hospital stay (LOS), and length of intensive care unit (ICU) stay,
to determine which of the neuroimaging findings or combination
of findings may be used as prognostic indicators.

MATERIALS AND METHODS
Following institutional review board approval (H-45947), all chil-
dren with a confirmed diagnosis of AHT through a multidiscipli-
nary approach with radiology, neurology, and child abuse
specialists and ultimate determination by the board-certified
Child Abuse Pediatricians at Texas Children’s Hospital, seen
between January 2018 and February 2021, were included in this
single-center retrospective study. Informed consent was waived
due to the retrospective nature of the study.

Patient demographic, clinical, and neuroimaging (CT and/or
MR imaging) data were gathered through electronic medical re-
cord review. Patient age, sex, race, survival after AHT, GCS on
admission, LOS, and ICU stay were noted.

CT studies of the brain were performed using standard
departmental protocols without IV contrast. The scanning vol-
ume covered the region from up to 10mm below the skull base to
10mm superior to the skull vertex with the FOV ranging from 20

to 50 cm with 1- to 3-mm section thickness. All examinations
were subject to volume-rendered 3D reconstruction algorithms
with 360° feet-to-brain spin and 360° left-to-right spin for stand-
ardization processes and then were stored on the PACS system.

MR imaging studies of the brain were performed using stand-
ard departmental protocols on a 1.5T or 3T MR imaging scanner.
Basal available sequences included noncontrast axial and sagittal
T1-weighted, axial and/or coronal T1 and/or T2-FLAIR, axial
and coronal T2-weighted, axial T2*-weighted gradient-echo or
susceptibility weighted imaging, axial diffusion-weighted imag-
ing, or diffusion tensor imaging. Section thickness varied between
3 and 4mm, depending on the sequence used and age of the
child.

MR imaging of the spine was performed using standard
departmental protocols on a 1.5T or 3T MR imaging scanner.
Routine conventional sequences of the spine were performed,
including axial and sagittal T1- and T2-weighted turbo spin-echo
imaging and sagittal short inversion recovery sequences.

Two experienced board-certified pediatric neuroradiologists
(N.K.D. with 10 years’ and S.F.K. with 9 years’ experience) who
knew that all children had a confirmed diagnosis of AHT but
were blinded to data regarding GCS, LOS, ICU stay, and survival
after AHT reviewed all patient neuroimaging studies independ-
ently. Any discrepancies in interpretation were resolved in a sec-
ond consensus reading session. Consensus reading results were
used for the final analysis.

Neuroimaging study findings of the brain were then catego-
rized as classic and nonclassic findings based on previous litera-
ture.2 Classic findings included skull fractures, epidural
hematoma (EDH), SDH, SAH, intraventricular hemorrhage
(IVH), contusions, diffuse axonal injury (DAI), and hypoxic-
ischemic injury (HII). To define DAI, we included the presence
of multiple microhemorrhages on MR imaging at the interface of
gray matter and white matter, in addition to the commissures,
corpus callosum, internal capsule, and brainstem. HII associated
with AHT included changes in CT density and/or MR imaging
signal intensity in the cortex, subcortical white matter, and/or
deep gray matter. Nonclassic findings included bridging vein
thrombosis (BVT), SPH, parenchymal laceration (PL), arterial
stroke (AS), and venous stroke (VS). Spinal MRIs were also
assessed for ligamentous injury (cruciform, apical, tectorial, ante-
rior atlanto-occipital, posterior atlanto-occipital, posterior
atlanto-axial, posterior longitudinal, anterior longitudinal, inter-
spinous, and nuchal), compression fracture, and spinal hema-
toma (SDH and EDH). Each of the neuroimaging-based
parameters was recorded as a yes/no response. The time period
between admission and initial neuroimaging was also noted.

All statistical analyses were performed using SAS/STAT
Software, Version 9.3 (SAS Institute). All variables were assessed
for normality. Comparisons between the 2 groups were then eval-
uated by the x 2 test or Wilcoxon rank-sum test. A P value , .05
was considered statistically significant.

RESULTS
One hundred two children were diagnosed with AHT during the
study period and included in this study. There were 73.5% males
(n=75) and 26.5% females (n=27) with an average age of 9.49
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(range, 0.27–53.8) months. All patients had initial head CT imag-
ing the same day or next day at admission. Race distribution of
the patients was Asian (n=4), Black (n=30), Hispanic (n=37),
White (n=29), and unknown (n=2).

Thirty-six children had only brain CT, and 66 children had
both brain CT and MR imaging for neuroimaging evaluation.
Classic neuroimaging findings were the following: 1) skull frac-
tures, 32.4% of the children (n=33). These fractures were either
single (n=25) or multiple (n=8) and linear (n=26) or commin-
uted (n=7). 2) EDH was found in 6.8% of the children (n=7),
ranging from 2- to 42-mm thickness. 3) SDH was seen in 83.3%
of the children (n=85), ranging from 2- to 35-mm thickness.
Thirteen patients had SDH in a single location, and 72 patients
had SDH in multiple locations. These locations were frontal
89.4% (n=76), parietal 87% (n=74), temporal 68.2% (n=58),
occipital 77.6% (n=66), tentorial 75.3% (n=64), and posterior
fossa 43.5% (n=37). 4) SAH was seen in 30.4% of the children
(n=31). Nine patients had SAH in a single location, and 22 had
SAH in multiple locations. These locations were frontal 93.5%
(n=29), parietal 71% (n=22), temporal 48.4% (n=15), occipital
25.8% (n=8), posterior fossa 6.5% (n=2), and basal cisterns
14.3% (n=5). 5) IVH was seen in 15.7% of children (n=16). 6)
Contusions were found in 20.6% of children (n=21). 7) DAI was
seen in 6.9% of the patients (n=7), and 8) HII was found in
47.1% of the children (n=48) in the cortex 100% (n=48), sub-
cortical white matter 62.5% (n=30), and/or deep gray matter
60.4% (n=29) (Online Supplemental Data).

Nonclassic neuroimaging findings were the following: 1) BVT
was found in 30.4% of the children (n=31); 2) SPH, in 5% of the
children (n=5) in the frontal (n=2) and parietal (n=3) regions;
3) PL, in 10% of the children (n=10); 4) AS, in 5% of the children
(n=5); and 5) VS, in 1% of the patients (n=1) in the frontoparie-
tal region (Online Supplemental Data).

Neuroimaging findings when only brain CT was available
(n=36) were the following: 1) Classic neuroimaging findings were
33.3% skull fracture (n=12), 11.1% EDH (n=4), 72.2% SDH
(n=26), 27.8% SAH (n=10), 5.6% IVH (n=2), 13.9% contusions
(n=5), 0% DAI (n=0), and 47.2% HII (n=17); and 2) nonclassic
neuroimaging findings were the following: 5.6% BVT (n=2), 0%
SPH (n=0), 2.8% PL (n=1), 2.8% AS (n=1), and 0% VS (n=0).

Forty-nine spine MRIs were available for the study. Spine MR
imaging findings included the following: 1) ligamentous injury in
46.9% of the children (n=23), of whom 3 had nuchal ligament
injury and 21 had interspinous and nuchal ligament injury; 2) 2%
of the children had compression fracture (n=1) at the T1 verte-
bra; and finally 3) spinal hemorrhage was seen in 22.4% of the
children (n=11): SDH (n=7), EDH (n=2), and SDH1EDH
(n=2) (Online Supplemental Data).

We noted the survival rates during hospital admission due to
AHT and found that 82.4% of the children (n=84) survived and
17.6% of the children (n=18) died within an average of 6.7
(range, 1–33) days. We compared the neuroimaging findings
between surviving and deceased children (Online Supplemental
Data). HII was significantly higher in deceased children (88.9%)
compared with surviving children (38.1%) (P= .0001), and BVT
was significantly lower in deceased children (5.9%) compared
with surviving children (36.1%) (P= .01) (Online Supplemental

Data). No significant difference was found for the rest of the neu-
roimaging findings between the 2 groups.

The GCS score at admission ranged between 3 and 15 for 99
patients; 3 patients had no GCS records available. We compared
the median (interquartile range) GCS scores between negative
and positive neuroimaging findings (Online Supplemental Data).
We found that the median (interquartile range) GCS was signifi-
cantly lower if the patient had HII (3.0 [3–15]) on brain neuroi-
maging compared with negative findings on neuroimaging (15.0
[3–15]) (P, .0001) and if the patient had ligamentous injury (4.5
[3–9]) on spine MR imaging compared with negative results
(12.5 [3–15]) (P= .017) (Online Supplemental Data). No signifi-
cant difference was found for the rest of the neuroimaging find-
ings for median (interquartile range) GCS scores.

The average LOS was 15.62 (range, 1–97) days. We found a
significantly longer LOS if IVH (23.6 days versus 14.1 days,
P= .04), DAI (30.4 versus 14.5 days, P= .017), HII (21.3 versus
10.5 days, P = .001), and AS (42.2 versus 14.3 days, P= .0003) or a
combination was present on initial neuroimaging (Online
Supplemental Data).

A total 68.6% of the patients (n=70) were admitted to the ICU
for an average of 10.38 (range, 1–53) days. We found significantly
longer ICU stays if IVH (12.2 versus 6.2days, P= .02), DAI
(15.6 versus 6.5days, P= .01), HII (11.8 versus, 2.9days, P, .0001),
or ligamentous injury (14.6 versus 8.2 days, P = .03) or a combina-
tion was present on initial neuroimaging (Online Supplemental
Data).

Representative patients are shown in the Online Supplemental
Data.

DISCUSSION
In this detailed neuroimaging analysis in a well-defined large
group of children with a confirmed AHT diagnosis, our findings
of the prevalence of the classic neuroimaging findings including
SDH, skull fracture, EDH, SAH, IVH, contusions, and DAI were
consistent with prior reports. The incidence of HII was reported
between 31% and 39% previously,12-14 but HII was found in
nearly half of our patient group, emphasizing the need to keep
AHT in the differential diagnosis of infants and children present-
ing with HII and lack of a specific etiology. BVT was the most
common nonclassic neuroimaging finding, observed in 30.4% of
the children with AHT in our study. In previous literature, BVT
was reported between 29% and 44%.8,9,15 Although less frequent,
the additional nonclassic imaging findings are critical to recog-
nize clinically to suggest a diagnosis of AHT. SPH in neonates fol-
lowing vaginal delivery was reported previously.16 PL has been
described in subjects with AHT younger than 5months of age.17

Khan et al18 reported 28% cerebrovascular accidents in patients,
of whom 23% had AS, in their retrospective study of 282 children
with AHT. The incidence of AS in their study was 6.4%, which
was similar to our results. However, in the same study, Khan et al
reported that 8% of their study population had VS. Spinal liga-
mentous injury was the most common (46.9%) spinal MR imag-
ing finding in our study, and interspinous and nuchal ligaments
were the most commonly affected ligaments. Ligamentous injury
in child abuse was reported between 36% and 78% in the previous
literature.19-21 Spinal ligamentous injury is a clinically critical
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finding highly suggestive of AHT, resulting from violent shaking.
Therefore, our results may suggest that the utility of spinal MR
imaging is extremely helpful in patients with suspected AHT. A
recent study reported that whole-spine MR imaging is helpful in
AHT diagnosis and may be superior to cervical spine MR imag-
ing to avoid missing, isolated thoracolumbar injuries.22

We also analyzed the association of neuroimaging findings
with critical acute clinical data, including survival, GCS on admis-
sion, LOS, and length of ICU stay. We found that HII is the most
important neuroimaging finding associated with critical clinical
variables. We found that HII was significantly higher (89% versus
38%) in deceased children, and the median GCS on admission
was significantly lower if HII was present on brain MRIs. HII rep-
resents severe and possibly irreversible injury to the brain.23

Previously, Gencturk et al23 reported a significant association
between outcome severity and the presence of HII in their study,
in which they evaluated clinical outcome based on abuse special-
ists’ clinical assessment for the 6-month follow-up scoring.
Therefore, in surviving children with AHT, the presence of HII
has critical clinical prognostic value and emphasizes the need for
neuroimaging in the evaluation of infants and children with sus-
pected abuse. Most interesting, spinal ligamentous injury was
associated with a lower GCS score and thus more severe injury. In
AHT, spinal ligament injury is believed to be secondary to rigorous
shaking of the child, which has been the most commonly reported
(50%–63%) injury mechanism in AHT, resulting in hyperexten-
sion/flexion of the craniocervical junction.24-26 Neuropathology lit-
erature suggested that damage to the lower brainstem (likely direct
injury to the medulla) and upper cervical cord could be responsible
for apnea events and may lead to HII and brain swelling.27,28 Our
results match the suggested hypothesis.

Kadom et al19 reported that bilateral HII occurred more fre-
quently in AHT, and almost half of bilateral HIIs in their cohort
were among children who also had cervical soft-tissue injury on
MR imaging. Our results show a higher incidence of HII in
deceased children and also a lower GCS score when HII is present
on neuroimaging. The similarity of the correlation between HII
and mortality and markers of clinical severity emphasizes the criti-
cal importance of brain MR imaging evaluation for HII in the eval-
uation of AHT. Most interesting, although less sensitive than brain
MR imaging, CT showed a similar incidence with a combination
of CT and MR imaging. We also found a significantly higher LOS
and/or ICU stay for IVH, DAI, HII, AS, and/or ligamentous injury
in the initial neuroimaging studies in our patient cohort. This may
suggest that a combination of these neuroimaging findings may be
used as prognostic indicators and should be explored further in
future studies of AHT and long-term developmental outcomes.

The strengths of this study include the large number of
patients in a quaternary children’s center. Additionally, this is the
first study focused solely on classic and nonclassic neuroimaging
findings in AHT with systematic completion of detailed imaging
analysis of all patient studies. Limitations of this study are the fol-
lowing: 1) Clinical information was obtained through retrospec-
tive chart review; however, as the main focus of the study, the
neuroimaging was re-read by 2 expert readers; 2) the children
included had a confirmed diagnosis of AHT, which may have
introduced bias in the reading of images, though 2 expert readers

re-read images to mitigate this limitation; 3) although expected
considering the high mortality of AHT, there was a discrepancy in
number of children between the deceased and surviving patient
groups, which has the potential to affect analyses; 4) CT is less sen-
sitive than MR imaging for certain diagnoses, and not all patients
had brain MR imaging available for the analysis; therefore, this li-
mitation may have affected the statistical analysis and results; 5) a
limited number of spinal MR imaging studies might have affected
the statistical analysis and results; 6) this was a single-center evalua-
tion of patients; and 7) heterogeneity of the imaging protocols per-
formed may have an impact on the detection of subtle pathologies.

CONCLUSIONS
AHT is a leading cause of preventable mortality and significant
morbidity for children. Given the difficulty in making this diag-
nosis often with incomplete history, head CT, brain MR imaging,
and spine MR imaging are each critical tools in the evaluation of
a child with suspected abuse. In this notably large cohort study
for AHT, we found that SDH is the most common classic neuroi-
maging finding, and BVT is the most common nonclassic neuroi-
maging finding. Most important, ligamentous injury is seen in
almost half of the spinal MRIs. HII is the most severe neuroimag-
ing finding associated with higher mortality and other markers of
clinical severity. Finally, we propose that the simultaneous presence
of IVH, DAI, HII, AS, and/or ligamentous injury on the initial
neuroimaging studies may be used as potential poor prognostic
indicators, but prospective studies assessing the association
between these neuroimaging findings and long-term developmen-
tal outcomes are needed to further support this conclusion.
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