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Case report: neuroimaging analysis of pediatric ADHD-related symptoms secondary

to hypoxic brain injury

Kevin Tran and Joseph Wu

Department of Psychiatry and Human Behavior, University of California, Irvine, CA, USA

ABSTRACT

A 2-year-old male pediatric patient experienced a partial occlusion of the internal carotid and subse-
quent asphyxiation resulting in hypoxic brain injury that was later misdiagnosed as primary attention
deficient hyperactivity disorder (ADHD). Imaging analyses using diffusion tensor imaging (DTI), positron
emission tomography (PET), and magnetic resonance imaging (MRI) quantitative volumetrics (QV) were
used nine years following the incident to identify whether his development of ADHD is of a primary
heritability or secondary hypoxic brain injury sequelae. The patient’s DTl analysis generated decreases in
fractional anisotropy (FA) values in the anterior corpus callosum, bilateral internal capsule, and hippo-
campus. Decreases in FA are seen in ADHD patients, but the degree of FA decrease in the patient under
study is several orders of magnitude greater than in ADHD patients. Also, not normally observed in
ADHD patients were decreases in the metabolism of the orbitofrontal cortex, anterior cingulate, left
anterior insular cortex, and left striatum. Additionally, QV showed enlargements of various regions of the
brain including the amygdala which is often cited in the literature to be reduced in ADHD patients. The
diagnosis of this patient despite having non-characteristic neuroimaging data suggests a unique speci-
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ficity of the hypoxic injury to the development of a secondary hypoxic brain injury caused ADHD.

Introduction

Attention deficient hyperactivity disorder (ADHD) is character-
ized by abnormal expression of inattention, hyperactivity, and
impulsivity by which three subtypes are defined by predominant
inattention, hyperactivity/impulsivity, or a combined subtype of
inattention and hyperactivity/impulsivity (1). It is a psychiatric
disorder of heterogeneous etiology of which the exact cause has
been extensively researched and debated(2). Detection of ADHD
is possible through neuroimaging techniques that structural and
functional characteristics of the brain. Positron emission tomo-
graphy (PET) utilizes the injection of a radioactive isotope often
bound to glucose that acts as a tracer. The radioactive glucose
diffuses across the blood-brain barrier and can be used to trace
and measure the activity of the brain as a function of glucose
metabolic activity and cerebral perfusion (3). Diffusion Tensor
Imaging (DTT) is another noninvasive technique of detecting the
translational motion of water molecules to generate a functional
mapping of the connectivity of the brain (4). The mapping is
suggestive of white matter structure and provides insight on
axonal characteristics primarily axonal branching and myelina-
tion DTI techniques measure indexes of fractional anisotropy
(FA) which greater values indicate decreased axonal arborization
or bundle density. A quantitative approach or quantitative volu-
metrics (QV) for magnetic resonance imaging (MRI) data uses
statistical analysis to interpret brain region volumes. These neu-
roimaging techniques have applications for detecting significant
findings in ADHD patients. The current literature suggests a large

multitude of regions that are affected in children with ADHD. In
PET and DTI techniques, most are seen within the areas involved
with the frontostriatal circuit, and volumetric data are typical of
decreases in hippocampus, accumbens, putamen, amygdala, and
caudate volumes (5-7).

The development of ADHD is influenced by biological (heri-
table) and environmental (non-heritable) risk factors. A challenge
is presented in a patient that was diagnosed with ADHD, but its
cause is not clearly indicated by the diagnosis of the patient’s
father’s ADHD or the hypoxic incident from which the patient’s
partial occlusion of left internal carotid at two years old. Hypoxic
brain injury is a possible environmental risk factor for ADHD but
is not as strongly supported by the scientific literature as traumatic
brain injury (TBI) is (8). There is a small selection of research
completed relating decreased cerebral perfusion induced by
hypoxic obstructive sleep apnea seen in children to correlate
with developmental issues related to ADHD symptoms (9,10).
However, there is a lack of data associating ADHD as sequelae
from an acute hypoxic event. This case report provides a new
perspective on how pediatric ADHD and potential causes from
brain injury manifests in neuroimaging data and how they relate
to or differ from the current ADHD findings.

Patient information

In mid-2006, a 2-year-old boy wandered from the super-
vision of a daycare facility where a car window left ajar
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caught his attention. The crevice created by the opened car
window allowed enough clearance for the patient to insert
his head where he was found dangling from the neck.
Bystanders found patient HR suffocated, removed him
from the car window, and performed CPR. EMS personnel
later arrived on scene notating his apneic and unresponsive
condition and initiated treatment and transport. The
patient resumed spontaneous breathing of 6 respirations
per minute after being provided 6-8 ventilations through
a bag valve mask. A nasopharyngeal airway was adminis-
tered for the patient and BVM ventilations continued.
Initial assessment of the patient presented with
a decreased oxygen saturation, clenched teeth that inter-
fered with the administration of an oropharyngeal airway,
and a more dilated right pupil with more delayed reactivity
to light than the left pupil. General physical assessment
presented with ‘rash type’ trauma marks on the anterior
neck of the patient. Other areas of patient assessment
performed by EMS were within normal/functional limits
and breathing stabilized to normal ranges by admission at
the appropriate facility. Also noted when admitted into the
ER was the patient’s decorticate posturing.

In 2008, the patient was administered a variety of tests to
address concerns of inattentiveness, hyperactivity, and emo-
tional impulsiveness from which he was diagnosed with
ADHD and was prescribed psychostimulants. For behavioral
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measures, the Scales of Independent Behavior (SIB-R) assess-
ment was provided and noted a total score of 90 placing the
patient at the 25th percentile. Relevant observational findings
noted frequent side to side movement while seated and extra-
neous concern with minor details.

His father was also diagnosed with ADHD and no other
pertinent medical history related to the patient’s development
of ADHD was noted.

Clinical findings

In 2015, neuroimaging scans of varying methods were
obtained from the patient and revealed a collection of signifi-
cant differences compared to control groups (Figures 1-2).
Fifteen controls were used for the PET scans and 42 controls
from the Function Biomedical Informatics Research Network
(FBIRN) data repository were used for the DTI scans (11).
The PET data from the patient presents with decreases in
metabolism in various areas of the brain (Table 1). In the
more anterior portions of the brain, decreases were found in
the orbitofrontal cortex and the anterior cingulate (orbito-
frontal cortex, P = .01; anterior cingulate, P = .02). Other
decreases were found on the left side of the brain in the
anterior temporal insular cortex and striatum of the internal
capsule (anterior temporal insular cortex, P = .01; striatum,
P = .0007). The second set of PET scans that were taken for

Figure 1. PET Z-map displaying the patient’s PET images from the transaxial view with an overlay of results that are significantly higher (a) and significantly lower (b)

than controls.

Figure 2. DTl Z-map displaying the patient’s DTl images from the transaxial view with an overlay of results that are significantly higher (a) and significantly lower (b)

than controls.



1404 K. TRAN AND J. WU

Table 1. Table showing the PET values that are significantly lower than controls
(note negative Z-scores).

Control
ROI Patient mean SD Z-score  P-value
Orbitofrontal cortex 1.05 1.28 010 -227 23 %1072
Anterior cingulate 1.28 1.54 011 -227 23x1072
Left anterior insular cortex 0.76 0.98 0.09 —245 14x1072
Left striatum 1.15 150 010 -340 6.7 x 107"

the patient five months following the primary PET scan date
corroborates the primary PET scans (Supplemental Figure 1).
DTI findings presented with decreased FA in the anterior
corpus callosum, bilateral internal capsule, and left optic
radiation (Table 2; anterior corpus callosum, P = 4.4x107%3;
left internal capsule; P = 1.5x10'%; right internal capsule, P =
4.4x107"%; left optic radiation, P = 1.1x10~°). The volumetric
data generated the volumes of various brain regions of the
patient against 83 controls from the FBIRN data repository
where the results communicate present enlargements from the
left side of the brain in the forebrain parenchyma, cortical
gray matter, amygdala, and hippocampus (Table 3). The sta-
tistical analysis observed for clinical significance within the
patient across the controls using absolute volumes in addition

Table 2. Table showing the DTI values in units of fractional anisotropy (FA) that
are significantly lower than controls (note negative Z-scores).

Patient ~ Control
ROI FA mean SD  Z-score  P-value
Anterior corpus callosum  0.29 062 0028 —11.98 44 x 1073
Left internal capsule 0.18 044 0037 -7.07 15x10"?
Right internal capsule 0.20 043 0031 -755 44x10"
Left optic radiation 0.29 0.56 0.046 —6.09 1.1 x 107

to relative volumes as a function of how much a region
occupies total intracranial volume.

To evaluate clinical findings with age-matched controls, the
volumetric data was compared against pediatric controls with
and without ADHD (Table 4). The findings communicate that
the left hippocampus and left amygdala are significantly different
from the respective right side in both control groups (12). The
patient also presented with a significant difference from these
healthy and ADHD pediatric controls. The neuroimaging data
was of good technical quality and reliable for clinical analysis.

Diagnostic assessment

From the data sourced from brain imaging, the analysis was done
by comparing the patient’s neuroimaging data against controls.
Regions of interest within the patient are then compared with
notable areas of clinical significance found in the literature of
pediatric ADHD. Because almost all the regions within the patient
presenting with significant differences relative to controls groups
did not agree with the neuroimaging data in the literature for
ADHD but did agree with the neuroimaging data for hypoxia, the
conclusion was drawn that the patient’s apparent ADHD is sec-
ondary to his hypoxic incident and not due to primary ADHD.
A conclusion is also made that the case patient’s regions of
clinical significance and their degrees of FA decrease are
consistent with hypoxic encephalopathy. However, this is
drawn from case findings of a 76-year-old male with hypoxic
encephalopathy against 10 healthy controls. Although the
patients in this study and the hypoxic encephalopathy study
exhibit extremely robust FA decreases, an issue with this

Table 3. Table showing the data that are significantly different than controls. Positive z-score denote values significantly higher than controls and
negative z-scores denote values significantly lower than controls. Volumetric units are in mm3.

ROI Patient volume Control mean Control SD Z-score P-value

Absolute volumes (mm3)
Left forebrain parenchyma 21.57 -8.74 9.02 3.36 7.8 x 107"
Right forebrain parenchyma 302.18 301.81 32,52 0.01 ns.
Left-right forebrain parenchyma 293.06 304.65 3132 -0.37 n.s.
Left cortical gray matter 302.18 301.81 32,52 0.01 ns.
Right cortical gray matter 293.06 304.65 3132 -0.37 ns.
Left-right cortical gray matter 9.12 -2.84 6.76 1.77 n.s
Left hippocampus 415 411 0.48 0.09 n.s
Right hippocampus 3.02 4.14 0.47 -2.11 03
Left-right hippocampus 1.13 —-0.04 0.55 2.12 .03
Left amygdala 3.47 1.87 0.28 5.64 52x 107
Right amygdala 1.64 1.87 0.25 —-0.91 ns.
Left-right amygdala 1.83 0.01 0.15 1213 73 %1073
Left pallidum 0.86 1.04 0.16 -1.10 n.s.
Right pallidum 0.56 1.15 0.14 -4.31 1.6 x 107°
Left-right pallidum 0.3 —-0.11 0.17 243 02

Relative volumes (%)
Left forebrain parenchyma 37.77 33.95 1.21 3.14 17 %107
Right forebrain parenchyma 36.19 34.45 1.34 13 n.s.
Left-right forebrain parenchyma 1.58 -0.5 0.49 4.25 20 x 107
Left cortical gray matter 22.11 16.9 1.14 4.55 1.0 x 107°
Right cortical gray matter 21.44 17.08 1.22 3.56 37 x 107
Left-right cortical gray matter 0.67 -0.17 0.37 23 20 x 1072
Left hippocampus 0.3 0.23 0.02 2.96 3.0x%x 1073
Right hippocampus 0.22 0.23 0.03 -0.39 ns.
Left-right hippocampus 0.08 0 0.03 2.69 7.0 x 1073
Left amygdala 0.25 0.11 0.01 13.42 46 x 107"
Right amygdala 0.12 0.1 0.01 1.26 n.s.
Left-right amygdala 0.13 0 0.01 12.97 1.8 x 10738
Left pallidum 0.06 0.06 0.01 0 ns.
Right pallidum 0.04 0.07 0.01 -2.94 33x 1073
Left-right pallidum 0.02 —-0.01 0.01 257 1.0 x 1072
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Table 4. Table showing data that are significantly lower than age-matched controls with and without ADHD. Positive z-score denote values significantly higher than

controls and negative z-scores denote values significantly lower than controls.

Plessen controls analysis

Pediatric Pediatric Pediatric ADHD Pediatric ADHD

ROI Patient control mean  control SD  Z-score  P-score control mean control SD Z-score  P-score
Left hippocampus 415 3.14 043 239 1.7 %1072 3.36 0.38 208 3.7 x1072
Right hippocampus 3.02 3.18 0.40 —-0.39 n.s. 3.38 0.39 -0.92 ns.
Left-right hippocampus difference*  1.13 -0.04 278 50x 1073 -0.02 301 26x 1073
Left amygdala 347 2.08 0.41 336 7.8x 107 2.03 0.41 355 39x 107
Right amygdala 1.64 2.10 0.42 -1.09 n.s. 2.07 0.38 -1.12 n.s.
Left-right amygdala difference* 1.83 —-0.02 446 1.0 x 107 —-0.04 466 32x10°

*Left-right differences conservatively estimated by adding z-score differences of left and right hippocampus or amygdala.

referenced study is presented with a dramatic age gap between
the two patients and having a small control group.

Regarding volumetric data, the literature states bilateral
enlargement of the amygdala in the brain is characteristic of
ADHD; thus, the patient’s amygdala enlargement overlaps
with the current findings of pediatric ADHD. However,
because of the patient exhibits robust enlargement in the left
amygdala, among the other enlarged left-sided regions, the
clinical opinion concluded the patient’'s ADHD as not con-
sistent with the typical presentations.

An issue with the accuracy of these assessments is that
PET is expensive and generally limits the size of
a demographically matched control group let alone
a control group of preferred size. The DTI analysis experi-
ences the same limitation as the appropriate controls are
not selected. In the scope, if determining whether the
patient’s ADHD diagnosis was consistent with the develop-
ment of ADHD or suspect of hypoxic brain injury sequelae,
the ideal assessment would compare the patient’s clinical
findings against an age-matched and gender-matched clin-
ical group with ADHD to statistically analyze whether the
findings are consistent with controls.

However, the PET and DTI scans are considered to be
within an acceptable degree of credibility. Regarding PET
analysis, glucose uptake values are found to be greater in
children than in adults implying that analysis of significant
differences would be populated with less significantly
higher values and more significantly lower values if gener-
ated with age-matched controls (13). This caveat increases
our likeliness of type I error when analyzing for signifi-
cantly higher values and type II error when analyzing for
significantly lower values. Because PET analysis of the
patient’s brain generated primarily negative values, the con-
fidence level for these contrasts is considered to have
a greater than if compared to age-matched controls. With
respect to the corpus callosum, FA values in children older
than 25 months do not significantly differ from values from
adults suggesting credibility to the use of nonage-matched
controls for DTI analysis (14).

This model was used in a makeshift assessment comparing
QV data from the patient’s left and ride sides of the hippo-
campus and amygdala against those of pediatric patients with
and without ADHD. However, because the volumes for these
regions were not available for each individual patient, an
accurate Z-score for the statistical analysis of the patient
against these groups questionably valid as an accurate SD
could not be obtained. A P-value for these patients was

improvised by taking the differences in Z-scores and using
the resulting value as the Z-score for the differences between
the left and right sides of the hippocampus and amygdala.
Because the individual volumes for the Plessen controls were
available, P-values for region differences were obtained by
taking the differences between the Z-scores of the left and
right sides of a region. The availability of this data would
generate a more accurate analysis of Z-score and P-value,
however, the current analysis of data is considered valid.

The patient’s PET findings overlap with typical ADHD
presentations, but because the patient’s DTI and QV find-
ings are grossly inconsistent with ADHD literature, the
summation of neuroimaging analyses concludes that the
patient’s neuropsychological profile is secondary to hypoxic
brain injury.

Discussion

Brain injury due to hypoxia triggers cell death and, in the case of
traumatic brain injury (TBI), increases the risk of developing
secondary injury (15,16). Limited data is available regarding the
likeliness of non-traumatic brain injury sequelae, but its propen-
sity to develop secondary abnormalities remains as it similarly
affects brain function and structure as traumatic brain injury
does. From the immediate assessments performed following the
hypoxic incident, brain injury is implicated and thus increases
the index of suspicion for developing a secondary injury.

The nature of suffocation is dangerous to the brain because
a loss of consciousness is indicative of a lack of crucial oxygen
to the brain. Additional to the patient’s condition of ‘unre-
sponsive’ upon arrival of EMS personnel, BVM ventilations
were administered as indicated by apnea. The apnea increases
the suspicion of brain injury because the areas that regulate
autonomic respiration located in the brainstem are impaired.

Additionally, the assessment of the pupillary light reflex is
used to suggest the brain’s condition. By shining a light into
an eye at a time, afferent signals of an eye are sent to the
ipsilateral pretectal nucleus in the midbrain. From the pre-
tectal nuclei, contralateral and ipsilateral projections reach the
Edinger-Westphal nuclei also in the midbrain. These neurons
synapse onto the ciliary ganglia via the oculomotor nerve, and
the post-ganglionic projections innervate the iris sphincter
muscles to contract the iris. Because of the description of
the patient’s right pupil as ‘sluggish’ and more dilated than
the left pupil, damage to the patient’s left pretectal nuclei is
suggested and would be consistent with the left-sided nature



1406 K. TRAN AND J. WU

of the abnormalities noted on the MRI DTT and the PET. The
suspected areas involve the neurons of the Edinger-Westphal
nuclei and the projections of the pretectal nuclei.

Also noted on the patient’s vitals from EMS assessment
was decorticate posturing which indicates suspected lesions to
the cerebral hemisphere white matter, internal capsule, and
thalamus (17).

Damage to the neurons, such as from a suffocation incident,
has a propensity to change neuronal characteristics. Because of
the incident in 2006 leading to developmental abnormalities in
2015 scans. One of which is synaptic pruning, an important
process in development that reduces the presence of excess
dendritic and axonal arborizations and is the mechanism that
is suspected to have been altered from acute hypoxia (18). The
purpose of synaptic pruning is to reduce the number of unne-
cessary synapses and neurons, a process that improves neuro-
nal efficiency and increases networking capacity or the brain
(19). Continuous interference with this process within the brain
would result in enlarged neurons that has been detected in the
patient’s clinical findings as well as possible behavioral abnorm-
alities (ROIs). The suspicion that the synaptic pruning process
is hampered due to hypoxia also suggests that other maintain-
ing processes of the brain are vulnerable to hypoxic brain
injury sequelae. This would suggest an increased risk of neu-
rodegenerative diseases such as dementia, Alzheimer’s disease,
and Parkinson’s disease as is the case with traumatic brain
injury (20).

In other hypoxic injuries, a study was conducted on
pediatric patients with chronic obstructive sleep apnea. The
study showed that chronic hypoxic sleep apnea correlated
with a higher risk of developing attention-deficit and
ADHD-related symptoms. Neuroimaging data on these
patients can extrapolate further interpretation of the role of
hypoxia in the developmental phases. However, based on the
current data regarding hypoxic injury in the developmental
phase, the patient in question who suffered an acute hypoxic
event could be reflecting the development of ADHD-related
symptoms as the pediatric patients with chronic hypoxic
sleep apnea have.

Conclusion

A 2-year-old male patient presents with developmental
pathologies that mimic ADHD symptoms due to a partial
occlusion of the left internal carotid and subsequent asphyx-
iation incident that left him apneic and unresponsive. The
incident presented with clear brain injury due to hypoxia
which led to secondary characteristics that can be seen in
PET, DTI, and QV analyses. Clinical findings demonstrated
that the patient’s neuroimaging data does not reflect ADHD
characteristics although conventional ADHD evaluations
determined so. Further explanation suggests a possible
mechanism to how hypoxia alters neuronal characteristics
during development and leads to sequelae. Additional
research into brain injury can expand on this case patient by
exploring the incidences of non-traumatic brain injury, parti-
cularly hypoxia, for secondary developments.
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