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RESUMEN

Introduccion: Las cifras de
trastornos del comportamiento
y desarrollo en poblacion infan-
til se han incrementado en los
Ultimos afos. Definidas como
un grupo de impedimentos (fi-
sicos, cognitivos, psicolégicos,
del lenguaje) que pueden apa-
recer en cualquier momento
durante la infancia y la adoles-
cencia, los trastornos del com-
portamiento y desarrollo inclu-
yen la hiperactividad, trastorno
bipolar, sindrome de Down, en-
tre muchos otros.

Objetivo: Presentar nuestra
experiencia con pacientes con
trastornos de comportamiento y
desarrollo.

Material y métodos: Estudio
retrospectivo longitudinal de

Image study

Resonancia Magnética de cra-
neo efectuada en un grupo de
pacientes (72) con el diagnosti-
co de enfermedades del compor-
tamiento y desarrollo. Los diag-
nasticos fueron hechos con base
en el cuadro clinico y los crite-
rios de DSM IV. Los estudios fue-
ron efectuados en un equipo de
RM de 1.5 tesla Philips con las
secuencias habituales.
Resultados: 36 pacientes
eran masculinos y 36 femeni-
nos. 12 pacientes presentaron
alteraciones relacionadas con el
autismo. Ocho alteraciones del
comportamiento y doce altera-
ciones del lenguaje. Cuarenta
presentaron alteraciones mixtas
que incluyen: hiperactividad y
déficit de atencion.
Conclusion: Los trastornos
de oposicién presentan una

amplia variedad de manifesta-
ciones anatomicas y fisiologicas
algunas de las cuales se pue-
den visualizar con Resonancia
Magnética. El conocimiento de
las vias neurofisiolégicas y su
manifestacion con Resonancia
Magnética nos ayudan a com-
prender y analizar estas enfer-
medades con los métodos de
imagen.

Palabras clave: Trastornos

del comportamiento y desarro-
llo, Resonancia Magnética.
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Introduction

Developmental and behavioral issues in children are
being reported in epidemic numbers and those num-
bers are growing. According to the centers for disease
control (CDC) estimates, approximately 17% of children
in the United States have some form of a developmen-
tal disability.! The CDC defines developmental disabili-
ties as “a diverse group of physical, cognitive, psycho-
logical, sensory, and speech impairments that begin
anytime during development up to 18 years of age”; as

this definition indicates, there is a wide range of what is
included under the umbrella of “developmental disabili-
ties”: from mild developmental delays and disorders to
more serious developmental disorders such as mental
retardation, cerebral palsy, and autism spectrum disor-
ders. Within each type of developmental disorder, or
diagnostic category, there are numerous sub-types,
varying intensity of symptoms, and most importantly,
considerable individual variation.

The most common behavioral and developmental
disorders are: attention deficit hyperactivity disorder
(ADHD), pervasive developmental disorders (PDD),
Language related disorders (LRD), Oppositional disor-
ders (OP), Angleman syndrome, bipolar disorders (BD),
central auditory processing disorder (CAPD), cerebral
palsy, Down syndrome, fragile x syndrome, Landau
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ABSTRACT

Introduction: Numbers for
development and behavioral di-
sorders in children have increa-
sed in recent years. Defined as
a group of impairments (physi-
cal, cognitive, psychological,
language) that can occur at any
time during childhood and ado-
lescence, behavior and develo-
pment disorders including hype-
ractivity, bipolar disorder, Down
syndrome, among many others.

Objective: To present our
experience in patients with de-
velopmental and behavioral di-
sorders.

Material and methods: A
retrospective longitudinal analy-

sis of brain Magnetic Resonan-
ce studies was performed on a
group of patients (72) with de-
velopmental and behavioral di-
sorder diagnosis with 60 pa-
tients with normal MRI studies
was used as control group.
Diagnosis was made based on
clinical criteria and DSM |V stu-
dies. Examination was perfor-
med on a 1.5 Philips MRI with
standard imaging sequences.
Analysis was performed on a
PACS system.

Results: Seventy two pa-
tients were studied. Age range
between four and 17 yeas of
age. 36 male and 36 female. 12
patients had autism related di-
sorder. Eight had behavioral
abnormalities and 12 patients
presented language related di-
sorder. 40 patients had mixed

behavioral disorders that inclu-
ded: ADHD and ODD twelve
patients, PDD and ALD eight
patients, OCD, SD and DDD ele-
ven patients. ADD, DD and SD
nine patients.

Conclusion: Behavioral and
developmental disorders have a
wide range of anatomical and
physiological alterations some o
which we can visualize in neu-
roimaging studies. The knowled-
ge of neurophysiological pa-
thways and their manifestations
on magnetic resonance exams
can help us comprehend these
illnesses.

Key words: Behavioral and
developmental disorders, MRI.

Kleffner syndrome, learning disabilities, mental retar-
dation, Prader-Willy syndrome, Tourette syndrome, bra-
in truma and Williams syndrome. We present our expe-
rience in patients with developmental and behavioral
disorders.

Material and methods

The study was a retrospective longitudinal analysis
of brain Magnetic Resonance studies performed on a
group of patients with developmental and behavioral
disorder diagnosis. 60 patients with normal MR studies
as a control group. 72 patients were studied between
September 2006 and March 2008. At outpatient clinic,
Child Neurology of South Texas, at Valley Baptist Me-
dical Center, University of Texas System. Harlingen
Texas. The patients were included on the basis of their
clinical findings and DSM |V criteria for behavioral and
developmental disorders. A 1.5 tesla system was em-
ployed (INTERA) Philips Medical Systems, Eindhoven.
Standard imaging sequences where performed. T1: TR
596 MS and T3 15 MS, T2: 4,896 MS and TE 110 MS.
Flair TR 6,000/2,000 and TE 120 MS. Dual TR
2,200 MS with TE 20/120 MS. Diffusion weighted
TR: 3,070 MS with TE 74 MS. The results were analy-
zed through a PACS System Accessnet. Aspyria, Ca-
labasa, California. At Clinical Radiology Center, San
Luis Potosi, Mexico by a Neuroradiologist.
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Results

Seventy two patients were studied. Age range bet-
ween four and 10 yeas of age. 36 male and 36 female.
All patients had a clinical history of developmental and/
or behavioral disorder with according DSM 1V criteria.
12 patients had autism related disorder. Eight had be-
havioral abnormalities and 12 patients presented lan-
guage related disorder. 40 patients had mixed beha-
vioral disorders that included: ADHD and ODD twelve
patients, PDD and ALD eight patients, OCD, SD and
DDD eleven patients. ADD, DD and SD nine patients
(Table I). 21 patients showed decreased right temporal
hippocampal volume. Five diminished left hippocam-
pal volume and four bilateral decreased volume.
Two patients had high signal nonspecific lesions
at the parietal white matter. Four patients had cys-
tic lesions at the basal cysterns. Two medial to the
left hippocampus and two with rostral temporal cysts,
one on the right and one on the left temporal fossa.
16 patients presented ethmoidal and or maxillary sinus
inflammatory changes with normal MRI scans. 18 pa-
tients had normal MRI studies (Table II).

Discussion

Developmental and behavioral disorders is a term
used to describe a group of entities which have in com-
mon a life long disability attributable to mental o physi-



Table I. Developmental and behavioral disorders.

Diagnosis Patients
ADHD, ODD 12
ADHD 08
OcCD, SDh, bbD 1
ADD, DD, SD 09
Behavioral AB 08
Language related DIS 12
PDD 12

ADHD: Attention deficit hyperactivity disorder. ODD: Oppositional
defiant disorder. PDD: Pervasive deficit disorder. ADD: Attention de-
ficit disorder. DD: Developmental disorder. SD: Social disorder.

Table Il. Behavioral and developmental disorders.

Right temporal asymmetry 21P
Left temporal asymmetry 05 P
Bilateral temporal volume loss 04 P
Demylinizating lesions 02P
Sinusitis 16 P
Normal 18 P
NCC 04 P
Low intensity basal ganglia 02P
Total 72 P

NCC: Neurocysticercosis.

cal impairment or both. All of which affect daily interac-
tion in one or several of the following areas:

» Capacity of independent living.

« Economic self sufficiency.

e Learning.

 Mobility.

» Receptive and expressive language.
 Self care.

* Self direction.

The prevalence of these entities has had small va-
riations in the past decades mainly related to the popu-
lation sample studied. We can consider a prevalence
of 3.5 to 5% of some type of developmental and/or be-
havioral problem in population studies in the United
States.?

Autism spectrum disorder is characterized by de-
velopmental abnormalities in social and emotional be-
havior, associated with stereotyped and obsessional
behaviors (World Health Organization 1993). The neu-
ropathological basis of pervasive developmental disor-
ders have not been determined. However a number of
anatomical substrates have been suggested. Like dys-
function in mesolimbic (dopaminergic) brain areas (ven-
tromedial prefrontal cortex, medial temporal lobe (hi-
ppocampal regions CAl and CA4), striatum and limbic

thalamus) cerebellar vermis and hemisphere (with a re-
duction in the number of Purkinje cells), inferior olive
(with smaller cells that tend to cluster in the periphery
of the nuclear comlex) and decreased number of glial
cells in the primary auditory cortex.>® Neuroimaging
studies have found structural abnormalities in the
amygdalar configuration in autism. The neurobiologi-
cal basis remains elusive. Although these findings are
inconsistent, several groups have reported no abnor-
mal amigdalar size difference between autistic patients
and normal controls? while other have found increased
size or reduced amygdalar size.®*3 Nine of the twelve
patients in our series with autism related disorders had
amigdalar size reduction. Consistent with previous re-
ports. No other anatomical alteration was noted.*15
(Figure 1).

Attention deficit hyperactivity disorder (ADHD) is cha-
racterized behaviorally by impulsiveness, poor atten-
tion and hyperactivity. The cognitive deficit in these
patients includes functions of inhibitory, attentional and
motivational control and timing. Anatomical findings in
Magnetic Resonance Imaging studies include reduced
cerebral volumes mainly in the prefrontal cortex, basal
ganglia and the hippocampus.!¢® Circuits connecting
the amygdala and orbitofrontal cortex support decision
making and reward reinforcement. Disturbances along
these circuits can cause behavioral disinhibition and
impulsivity.1%2 In healthy patients successful inhibition
is associated with brain regions that include the inferior
frontal gyrus (Brodmann area 9) and the right superior
temporal gyrus (Brodmann 22). In patients with ADHD
and unsuccessful inhibition we can also see a similar
network that includes; bilateral insular and ventrolate-
ral prefrontal cortex (Brodmann 13; 37, 13 and 12; and
34,17 and 1) anterior cingulated cortex (Brodmann 32)
the left inferior occipital gyrus (Brodmann 19) and the
right superior parietal lobule (Brodmann 7).2

Figure 1. Nine year old male patient with pervasive related
disorder with atrophy to the right hippocampus.
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Cognitive processes are intrinsically connected thus
deficit in one system can affect another. While other
investigations report hippocampus hypertrophy on our
group of patients we saw atrophy of the hippocampus.
These findings could be associated with the other be-
havioral and developmental disorders associated with
our group of ADHD patients. The hypertrophy reported
in other series could represent a compensatory mecha-
nism in response to neural processes to the presence
of neural disturbances. And the atrophy we saw on our
series could represent and advance stage of the neu-
ral disturbances. More extended studies should be per-
formed on these patients. The basal ganglia represent
a special area in the neurobiology of patients with ADHD.
Itis basically a group of large subcortical structures that
are divided into two sets:

» The striatum with consist of the caudate, putamen
and ventral striatum.

 The palliudm with the external segment, internal seg-
ment and ventral pallidum.

The striatum receives input from the entire cerebral
cortex, thalamus, substantia nigra and amygdala. It also
sends projections to the pallidum and substantia nigra.
The pallidum sends input to the thalamic nuclei and
subcortical nuclei, where information will be sent back
to de frontal and prefrontal cortex. The striatum is im-
portant in the execution of motor planning, sequencing
and coordination.?22

The primary neurotransmitter involved in modulation
of the basal ganglia activity is dopamine. The disrup-
tion of this system is found in patients with ADHD. The-
re are higher levels of dopamine metabolite and homo-
vanillic acid in cerebral spinal fluid in ADHD patients.?*
Also there are decreased blood flow in the putamen in
patients with ADHD compared to normal children (Fi-
gure 2).

Human language is a complex and multifaceted cog-
nitive capacity. Although the neural basis is not fully
understood, language functions are classically thoug-
ht to be mediated by two areas in the left hemisphere:
Broca (for speech production) and Wernike for spee-
ch comprehension. The arcuate fasiculus, a fiber track
that originates in the temporal lobe curves around the
sylvian fissure to project itself to the frontal, lobe con-
tects these two areas. The production of language has
several components. Phonemes for example have two
mayor aspects; receptive processing of phonemes in
the Wernike area (posterior Brodmann 22 and 40) and
expressive production of phonemes (Broca posterior
44 and 6). While the lexical-semantic system is belie-
ved to originate in the middle and inferior temporal
lobe.?5% Developmental language disorder (sometimes
called language delay) is a condition wherein a child
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Figure 2. Eight year old patients with attention deficit hyperac-
tivity disorder and developmental disorder with right hippocam-
pus atrophy. T2 weighted images in axial and coronal planes.

does not learn language as quickly as his/her peers.
Children with developmental language disorders learn
language in the same sequence as their normally de-
veloping peers, but the pace is delayed. These chil-
dren may recover with or without treatment to “catch
up” with their peers; however, depending on the seve-
rity, speech/language therapy is usually advisable.
Temporal asymmetry has been previously described
in patients with language disorders.?”28 Their findings
correlate with our group of patients. A bigger sample
of patients with language related disorders should be
studied.

All children are oppositional from time to time, par-
ticularly when tired, hungry, stressed or upset. They
may argue, talk back, disobey, and defy parents,
teachers, and other adults. Oppositional behavior
is often a normal part of development for two to three
year olds and early adolescents. However, openly
uncooperative and hostile behavior becomes a se-
rious concern when it is so frequent and consistent
that it stands out when compared with other chil-
dren of the same age and developmental level and
when it affects the child’s social, family, and acade-
mic life.

In children with oppositional defiant disorder (odd),
there is an ongoing pattern of uncooperative, defiant,
and hostile behavior toward authority figures that serio-
usly interferes with the youngster’s day to day functio-
ning. Symptoms of ODD may include:

» Frequent temper tantrums.

« Excessive arguing with adults.

 Active defiance and refusal to comply with adult re-
guests and rules.

« Deliberate attempts to annoy or upset people.

» Blaming others for his or her mistakes or misbeha-
vior.

« Often being touchy or easily annoyed by others.



Figure 3. Eleven year old patients with history of ADHD and
ODD. T1 and T2 weighted images. Right hippocampal atro-

phy.

« Frequent anger and resentment.
» Mean and hateful talking when upset.
» Seeking revenge.

The symptoms are usually seen in multiple settings,
but may be more noticeable at home or at school. Five
to fifteen percent of all school-age children have odd.
The causes of odd are unknown, but many parents
report that their child with odd was more rigid and de-
manding than the child’s siblings from an early age.
Biological and environmental factors, gray matter re-
duction in the anterior insular cortex and left amygdala
has been described in these patients.?®3° Qur cases
showed hippocampal atrophy. Although none presen-
ted odd as a single diagnosis, all associated either with
ADHD o LRD (Figure 3).

Behavioral and developmental disorders have a wide
range of anatomical and physiological alterations some o
which we can visualize in neuroimaging studies. The
knowledge of neurophysiological pathways and their
manifestations on magnetic resonance exams can help
us comprehend these illnesses and diagnose alteratio-
ns on imaging examinations.
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