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Abstract

This essay explores the link between the limbic/hypothalamic systems within the complex
conditions of hydrocephalus and myelomeningocele. Acknowledging the neuroanatomical and
neuroendocrine risks inherent in the developing brains of these individuals, we focus on the
converging components of temperament, cognition, and language.

Introduction

Children with myelomeningocele (MM) do not easily fit
into stereotypical profiles. Professionals, families, and
inter-disciplinary teams, devoted to the support of these
individuals and the reduction of secondary disabilities,
see daily testaments to individual variations. Clinical
commonalities among those with MM are frequently
noted and perhaps too often - and too simplistically -
considered inherent to the condition. Behavioral charac-
teristics have long been one such category for easy gener-
alities. As modern investigators study the underlying keys
to cognitive and behavioral disabilities, theories related to
cortical development and differentiation have offered
insightful possibilities [1]. Much remains to be discovered
in the realm of behavior, emotions, and personality pro-
files within this group and the biologic differences that
may explain them.

This essay is submitted with the suggestion that in our
ongoing quest to understand the learning and behavioral
characteristics in youth with MM, focus might reasonably
be placed on cellular and neurobiological mechanisms
specifically related to the limbic and hypothalamic sys-
tems. Given the developmental shifts in neuro-architec-
ture in the fetus and infant with MM, we offer the limbic
system with its cortical, and brain stem interconnections,
and particularly its close association with the hypotha-
lamic region, as an area wherein many of the phenotypic
commonalities may arise.

Similarities and variations in temperament profiles
among children with MM present an opportunity to
explore and enhance our understanding of this ontologi-
cally old but, as yet, not fully understood portion of the
brain. Temperament patterns among this group, differing
from other cohorts, may be reflective of altered integrity
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within this intricate neural system. The converging com-
ponents of temperament, memory, and language in this
group of children with developmental differences may
help the researcher and the clinician to better address the
so-called behavioral issues that impact academic learning.

We will re-visit established and emerging information
related to the limbic and hypothalamic systems. We will
review reports from recent studies on language and on
temperament among children with MM, and comparative
work focused with different at-risk populations of chil-
dren. These will be considered along with other clinically
relevant phenotypic findings among children with MM
that have clear links to the limbic and hypothalamic sys-
tems.

Le Grand Lobe Limbique

The limbic system consists of structures reminiscent of the
old mammalian brain corresponding to that of the so-
called higher mammals [2,3]. The various components of
the limbic system influence a diversity of functions that
are integral to the cognitive aspects of autonomic, affec-
tive, and sexual behavior [4]. Components of the system
and their general activities that might be expected to
impact memory and/or temperament include the follow-
ing:

UAmygdala - little almond shaped structure near the tem-
poral pole. It receives catecholamine and 5-HT containing
projections from the brain stem. Its most prominent pro-
jection (stria terminalis) runs in the wall of the lateral ven-
tricle, ultimately connecting to the hypothalamic center.
Along with other behaviors (particularly sexual), it medi-
ates the major affective activities describe as fear [3,5,6].

UAnterior thalamic nucleus - associated with variations in
emotional reactivity [3].

EICingulalte gyrus — located on the medial side of brain
near the corpus callosum. Implicated in encoding and
retrieval of semantic and episodic memories, attention,
drive and pain perception [7].

UHippocampus - formed from the inferior portion of the
temporal lobe into the lateral ventricle. It is involved in
memory, especially long-term memory. When both hip-
pocampi are completely ablated, nothing can be retained
in the memory. The intact hippocampus allows compari-
son of the conditions of a present challenge with similar
previous experiences. This process is central to the ability
to make choices [3,8]. This can be critical for survival in
the wild - or perhaps survival in the classroom.
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UEntorhinal, subicular cortices — are implicated in spatial
memory storage, connect hippocampus to remainder of
temporal cortex [2].

EISepl:al nuclei - a subcortical target of hippocampus [2].

EIMamillary complex - is the major limbic-hypothalamic
area [2].

From a cellular and structural aspect, the proximity of lim-
bic structures to the ventricles hints at the possibility of
neuropathological changes in these structures either
directly through mechanical compression effects of the
dilated ventricles, or indirectly via alterations of metabolic
pathways in children with MM [9-11]. Structural changes,
and potential functional sequellae, may also arise through
deficiencies in the developmental process when HC
occurs in the fetus. Behaviorally, an emerging body of
neuropsychological data suggests a critical relationship
between these structures, their functions, and their rela-
tionship to emotion, memory, and learning.

Tell-tale signs of limbic influence: Learning and
Temperament

Much has been written over the past decade describing
phenotypic profiles related to executive functions among
youth with MM. While the term executive function con-
tinues to be somewhat enigmatic, it has generally been
used to encompass a set of abilities including: sustained
focused attention and organizational skills, goal-directed
behaviors, flexibility with novel situations, generation of
unique plans, and working memory functions [12,13].
Long relied-upon anecdotal concepts (short attention
spans, poor organization skills, and memory problems)
have given way to more controlled studies [14-19].

Language skills evaluated in recent research described
both language production and comprehension within
theoretically grounded language subsystems [20-30].
From this, a modal profile for MM has been proposed:
strengths in syntax and lexicon; and weaknesses in prag-
matic communication, making inferences, and under-
standing nonliteral language [31]. Research supporting
this modal profile for children with MM (especially as it
relates to higher-order language skills) is based on their
inclusion within the larger heterogeneous samples of chil-
dren with hydrocephalus (HC) whose conditions were
associated with multiple etiologies, both congenital and
acquired (e.g. refs. [22,30]). Recent studies of a large sam-
ple of children with shunted HC and MM only, demon-
strated that these children scored lower than age-matched
controls in all areas of language skills - even in the more
basic lexical semantic skills which, have long been consid-
ered "strengths" [26,29]. But two areas provided the chil-
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dren with particular difficulty: supralinguistic skills
(making inferences and understanding nonliteral lan-
guage) and pragmatic judgment.

Cognitive skills of attention/executive function and mem-
ory are deeply embedded within acquisition and appro-
priate application of language [32,33]. The ability to make
inferences and understand ambiguities (both supralin-
guistic tasks) involves the integration of previously
learned world and linguistic knowledge with the new
knowledge presented [34,35]. For a pragmatically compe-
tent communicator, successful language outcomes
depend on adequately functioning systems of memory
(encoding and retrieval of experiential and linguistic
knowledge), attention (ability to focus on the presented
communicative task), and problem solving (including the
ability to judge and utilize social situations). The few stud-
ies that measured memory function in mixed samples of
children with MM and HC have demonstrated memory
deficits in encoding and retrieval both for verbal and non-
verbal information [16,18]. Similarly, current research
seems to suggest a prevalence of attention/executive defi-
cits in children with MM [14,15,17,19,36,37].

A more than moderate interaction between the successful
development and function of the limbic structures and
successful learning experiences among children with MM
seems likely. Structural or functional malformations of
this system should impact the unique learning and cogni-
tive profiles of these children.

Prefrontal regions have been identified as critical in func-
tions of memory, language and logical reasoning [38-40].
Animal models and clinical evidence suggest the integral
role of the limbic system. The uni-modal and poly-modal
inputs from neocortical association areas (including pre-
frontal), important for information processing, storage,
encoding and retrieval, all rely on competent structures
within the limbic system [8,41-46].

How might these facts relate to our children with MM?
Shortly after the neural tube is formed, its caudal portion
develops into the spinal cord and the rostral portion into
the brain [3]. Of the three early brain vesicles, the fore-
brain gives rise to the telencephalon and diencephalon
from which structures of the limbic system and the
hypothalamus arise. The limbic system, arising from this
phylogenetically ancient region of the brain, incorporates
the hippocampus, the amygdala, and numerous receptor
sites for adrenal and endocrine neuromodulators.

MM, resulting from a developmental disruption of this
normal neuroembryogenic process, is commonly charac-
terized by its more visual and tangible manifestations:
defects within the bony vertebra, associated impairment

http://www.cerebrospinalfluidresearch.com/content/1/1/6

of the spinal cord, and the functional motor and urologi-
cal deficits. The clinical manifestations of underlying neu-
rodevelopmental aberrations centrally (the Arnold-Chiari
II malformation, ventricular variations, callosal varia-
tions, and associated migrational anomalies) are fre-
quently as disabling as the more obvious motor deficits.
Structural and functional differences can result from
developmental and/or mechanical disruptions in the
formative stages — prenatally or thereafter. These central
nervous system anomalies, often accompanying the MM,
would be expected to influence behavior and learning in
these children [e.g. [47,48]].

Developmental disruptions such as those related to MM
can also provide "spin-off" developmental deficits related
to anatomy and physiology arising from structures that
form the limbic system and hypothalamus. Similarly, the
potential exists for the developing HC, with its cerebrospi-
nal fluid blockage within and around the brain, to impact
the architecture of the emerging limbic system and its neu-
ronal projections.

For example, vacuolization and degeneration of neurons
in the hippocampal formation have been observed both
within hydrocephalic rabbits and humans [9]. Dendritic
changes were observed in the hippocampus of neonatal
rats with kaolin-induced HC [10], and HC exacerbated
hypoglycemic injury in rat hippocampal cells [49]. Indeed
in a rat model of kaolin-induced HC, the resultant impair-
ment of glucose metabolism was first observed in the CA3
region of the hippocampus [50], suggesting this area is
metabolically vulnerable to dysfunction. Further support
of limbic involvement in HC comes from a recent study
that reports damage to the fimbria/fornix of the hippoc-
ampus from autopsy-acquired brains of humans with
chronic HC [51].

Clinical evidence from patients, and recent brain imaging
studies suggest lesions of the right hippocampus result in
spatial memory deficits while left lesions impact verbal
memory [3,8,52]. Thus, resultant left and right CA3 dys-
function potentially contributes to the verbal and nonver-
bal memory deficits noted in children with MM and HC.
Further, findings by Dolan and Fletcher [53] provide evi-
dence that the left hippocampus is active in encoding of
episodic memories by registering and processing novel
verbal material, the end-product being the so-called mem-
ory trace or engram. The inability of children with MM
and HC to respond efficiently to novel stimuli is well doc-
umented [54,55].

Anatomical and central molecular dynamics involved
with these language and memory deficits remain critically
important areas for future research. Equally intriguing are
those - or other - molecular substances and pathways
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that mediate the response to the perceived frustrations
associated with functional deficits, which come into play
daily and hourly. What underlies and mediates the style of
behavioral responses? In other words, how does the
child's temperament phenotype become an integral part
of the clinical management, and neurophysiological
understanding of learning differences among children
with MM?

This task of describing individual differences among indi-
viduals within a society is ancient in its origin. Early Chi-
nese tradition offers a view of human nature differences
based on a dark, female, earthly force (yin) and the accom-
panying active, light, heavenly force (yang). The great 2nd
century C.E. Roman physician, Galen, conceived a system
of balanced equilibrium of four basic humors, which
allowed the physician clues as to the nature of an illness
by his awareness of personality traits. This system, based
on yellow or black bile and phlegmatic or sanguine
natures, represented a culmination of prior ideas (Hindu,
Greek, Chinese, others) and provided the understanding
of the relationship of temperament to health and function
for more than a millennium [56].

More modern scientists have provided differing slants
regarding temperament characteristics of children. The list
includes Bates, Buss, Carey, Chess and Thomas, Gold-
smith, Kagan, and Plomin [56-61]. The nature of temper-
amental categories, taking the various researchers' ideas
into account, seems to embody four qualities described by
Kagan: 1) variability among individuals, 2) relative stabil-
ity over time and situation within the individual, 3) under
some genetic influence, and 4) emergence early in life
[56].

Temperament has been described in typically developing
children as the "how " of behavior distinct from ability or
"what" of behaving, and motivation or "why" of behavior
[60]. One recurring theme among the conceptual descrip-
tions of temperament remains the notion of multiple
behaviors, along a continuum, which combine to interact
either favorably or unfavorably with the surrounding
environment. The nature of these behaviors is not at the
level of psychopathology. Rather, the potential for patho-
logic development lies within the process of the interaction
- the "goodness of fit" — between the environment and
the individual's behavioral responses. Consonance
between the child and his/her environment potentiates
optimal development and supportable teachable
moments [62]. Conversely dissonance between the child's
capacities, and style of behavior and the environment
demands result in maladaptive functioning. Such was the
case with Annie.
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Annie's Story

Annie is an attractive little girl, eight years old, and with
abundant red-haired curls. Her diagnosis of MM and
shunted HC requires part-time wheelchair use as she
attends a public school and participates in recreation
activities in the community. Intelligent and engaging, she
has, nonetheless, met frustrations during her days at
school. Variably described as shy, capable, anxious, and/
or self-doubting, teachers and family members know of
Annie's apparent emotional lability.

Recent academic testing reconfirmed her cognitive
strengths with a full scale IQ in the above-average range.
Language evaluation showed "relative strengths" in lexi-
con and syntax, lesser scores in pragmatics, and significant
problems with higher-order language, and cognitive tasks
that required quick retrieval of stored information. Of
note, during the initial testing, Annie became tearful quite
quickly. Her negative responses related to the new tasks,
new environments, and her persisting fear of "not being
able to finish" (on any given activity). The examiner,
familiar with children with MM, recognized the triggers
and the responses before her. By careful explanations,
negotiating cues to assure Annie of her successes in the
testing, and agreements for "breaks" as needed, Annie
calmed, warmed to the tasks at hand, and completed the
testing successfully in the allotted time.

The developmental pediatric team was recently notified
by the family that Annie was experiencing episodes at
school of skin flushing, sweating, sensations of nausea,
and emotional stress. On one occasion, urinary inconti-
nence accompanied the episode. These symptoms were
eventually noted to be related to those (infrequent) occa-
sions when the teacher felt it necessary to enter a note
onto Annie's personal folder for parent review. Beginning
hints of school avoidance prompted the parents' concern.

Academic challenges and barriers as in the story of Annie
are quite common among youth with MM. Layers of
seemingly separate but simultaneous factors — cognitive,
memory, language, temperament, physical - can elevate
even daily and mundane tasks into sources of stress not
experienced by the typical classmate. Recent studies of
youth with MM and shunted HC, ages 5-12, demon-
strated clusters of findings different from those classically
described by Chess and Thomas ("easy", "difficult", or
"slow to warm") or by Kagan ("inhibited" or "uninhib-
ited"). Children with MM in these studies were reported
to be significantly different from normative profiles in five
areas: 1) adaptability - less; 2) distractibility - more; 3)
approach - guarded; 4) persistence on task - less; and 5)
predictability - less [55]. Given these temperament char-
acteristics in a child with MM, perhaps related to the
unique differences in both central molecular dynamics
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and neurodevelopmental anatomy, responses such as
Annie's begin to be understood.

While the focused study of the biological basis for temper-
ament dates to mid-20th century, only recently have phys-
iologic variables and temperament categorical descriptors
been paired for critical comparisons. These investigations
stem from relatively firm notions about the anatomy and
physiology of the central nervous system. Researchers
have tracked differing patterns of social response, and
encoding of emotional memories to the limbic system,
and particularly amygdala [63,64]. The amygdala has
been implicated in social cognition, involving adequate
recognition and judgment of facial expressions [3,65].
Preliminary studies within our institution reveal our
patients with MM and shunted HC had difficulty under-
standing nonverbal facial cues and expressions of annoy-
ance (explaining in part their poor pragmatic skills).
Opioid-mediated inhibitory activities, or responses to the
dozens of neurotransmitters or neuropeptides both have
genetic implications and biochemical importance as they
potentially affect excitability centrally within the amy-
gdala or connecting structures [56]. Potential changes in
functional outcomes might be anticipated.

These limbic structures — and their vulnerability in the
developing brain affected by MM - offer fertile ground for
clinical exploration in the broader study of cognition,
memory, and temperament. The segregation of emotion,
temperament, language, and cognitive performance is dif-
ficult to accomplish in the typical child; it is decidedly
more complex in the child with MM and HC who has co-
existent ventriculomegaly from early gestation, mid-brain
variations, and cerebellar differences.

What then are the capacities and activities of these central
nervous system components - the limbic and hypotha-
lamic systems - that are typically relied upon for daily
function, and which might have significant impact on
those outward actions and responses which we categorize
as temperament? Emotional triggers, goal direction for
problem solving, assimilation of information from the
various senses (vision, touch, auditory) - all of these
relate to the anatomy and associated function of the lim-
bic system (notably the amygdala), and the closely related
hypothalamic region. Evidence from human and animal
studies indicates that the amygdala intervenes between
the regions concerned with the somatic expression of
emotion (hypothalamus, brainstem) and the neocortical
areas concerned with conscious feeling [3].

Similarly, the hypothalamus is a central player in the inte-
gration of information. For the specific areas throughout
the neocortex to finalize and actualize those processes
described as "executive functioning", regulation of stimuli
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from the environment and peripheral systems of the body
is aided through hypothalamic function. Some actions
might well be expected to impact behavior we characterize
as components of temperament.

The anatomy of the hypothalamus is important when
considered along with the variations commonly noted in
our individuals with ventriculomegaly and Chiari malfor-
mations. It lies on the ventral surface of the cortex. The
third ventricle divides the hypothalamus and lies in close
proximity to hypothalamic projections [66]. Disturbances
or disruptions in these structures due to HC would not be
unexpected. Generally, signs or symptoms associated with
hypothalamic dysfunction might include: disorders of
satiety, appetite and/or caloric homeostasis; sexual dys-
function including precocious puberty or hypogonadism;
central autonomic disorders (sleep and consciousness reg-
ulation, gastrointestinal function, thermoregulatory con-
trol, sphincter disturbance); and affective variations
[3,66]. Corticotrophin releasing factor, related to the par-
aventricular nucleus, is integrally involved in the manage-
ment of autonomic centers within the brainstem and, via
regulation of corticosteroids, with stress adaptation [3].

The effects of HC on neuronal pathology and function in
these regions have been demonstrated in both human
studies and animal models [10,49,50,67]. Such variations
in anatomy and fetal development of the midbrain struc-
tures - areas of tremendous variations among individuals
with MM - could play important roles in the ultimate
behavioral phenotypes described by temperament. For
example, in the temperament profile of the MM cohort
described above, attention was a significant outlier. Mir-
sky [68] has reminded us of the multi-component nature
of attention. The nature of the neuropsychological model
of attention depends upon the data used to generate it.
The network involved in the distribution of attention to
extra-personal targets implicates cortico-limbic-reticular
and hypothalamic circuits; damage to either impacts the
attention process [68]. The ultimate functions completed
within cortical regions are clearly important. But dysfunc-
tion in the limbic and hypothalamic regions seems intui-
tive within this population. They can be measured in
some instances (particularly neuroendocrine), and they
are consistent with the underlying biologic bases of tem-
perament variation as posited by Kagan and others.

Temperament as a Component for Assessment
of Learning in Youth with MM

Annie's tale is not unusual for our children with MM and
shunted HC. Clinicians and researchers alike have experi-
enced stories of lesser or more severe impairments. For the
parents and teachers working daily with children such as
Annie, an understanding of the normal process of neuro-
development leads to clearer understanding and a better
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differentiation from the abnormal. The research and sub-
sequent writings of T. Berry Brazelton have provided ready
information to parents of typically developing children by
blending the Gesellian milestones of development with
the temperament concepts as outlined by Carey, Chess,
and Thomas [69]. The interplay of cognition, tempera-
ment, language, executive function, given the underlying
neuro-endocrine/central molecular dynamics that accom-
pany MM, offers a greater challenge to clinicians, teachers,
and parents.

For the classroom, identification of stressors and methods
to minimize autonomic over-response can be as critical to
successful learning as the understanding of memory
strengths, or language problems. As in our story, Annie
demonstrated persistence to task, willingness to approach
novel situations, positive mood, and the ability to adapt
to the testing situation - all temperament domains with
which she has struggled. The "goodness of fit" between
Annie and the examiner was critical before any progress
could be made in better understanding her relative aca-
demic and learning strengths. The autonomic dysfunc-
tion, manifested in her excessive sweating, flushing, and
urinary incontinence in school, only served to heighten
both the emotional and physical symptoms.

The differences in temperament profiles among children
with MM are unlike those in other diagnostic cohorts of
children with special health care needs [70,71]. Hughes et
al. [72] have described temperament patterns in preterm
infants over the first year of life. Descriptors of tempera-
ment characteristics differed from that seen in typically
developing full term infants and from that of our children
with MM. Because temperament is believed to be influ-
enced by heredity, biology, and experience, parenting
must also be considered as a variable (moderator) in tem-
perament development. This concept of "goodness-of-fit"
plays an important role in the parents' development, their
perception of the infant, and the ultimate quality of the
parent-child interactions [72].

Learning, for the child with MM, certainly takes place
beyond the confines of preschool and classroom. Negoti-
ating physicians, curious strangers, medical emergencies,
educational diagnosticians, environmental barriers, and
other stressors is a continual process. Raising a happy,
self-reliant, and resilient child is the dream of parents. Per-
rin [73] has suggested that "adjustment” might be concep-
tualized as 1] the presence of fewer behavioral problems,
2] inter-personal functioning or competence, and 3]
development of a positive self-concept. Parental percep-
tions of their child's actions and reactions contribute
greatly to the moderation of, or exacerbation of, affective
differences. It is incumbent on the professional to accu-
rately discriminate between temperament characteristics
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that are barriers to inter-personal optimal functioning and
truly psychiatric disorders. Given the neuro-anatomical
and neuro-endocrine risks associated with MM, height-
ened awareness and assessment of temperament in this
discriminating process is important.

Conclusion
T.S. Eliot wrote,

We shall not cease from exploration
And the end of all our exploring

Will be to arrive where we started
And know the place for the first time.

As we continue, on behalf of children and youth with
MM, to explore and better understand the cognitive and
learning differences within the group, the developmental
variations related to underlying central nervous system
structures may continue to hamper the human tendency
to categorize. The modal profile may not be singular.

As assessments of strengths and differences continue; as
descriptors of quality of life are derived; as personality var-
iances are accounted for; as curricula and "home pro-
grams" are constructed, the bio-psycho-social model
increasingly becomes the clear route for professional and
family partnership. For the researcher trying to join un-
connected dots into a cohesive whole, we, like Eliot, may
need to return to the early components long-standing in
the evolution of the brain and its function. The ancient
limbic and hypothalamic systems leave indelible tell-tale
hints that should not be left behind in our quest for
understanding and raising the resilient child.
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MM, myelomeningocele; HC, hydrocephalus

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
Both authors contributed equally to this work. All authors
read and approved the final manuscript.

Acknowledgments
Our thanks to colleagues at home, and across the Atlantic for their support
and continued interest in our research.

References

I. Miyan J, Sobkowiak C, Draper C: Humanity Lost: The cost of
Cortical Maldevelopment. Is There Light Ahead? Eur | Pediatr
Surg 2001, 11:54-59.

Page 6 of 8

(page number not for citation purposes)



Cerebrospinal Fluid Research 2004, 1:6

20.

21.

22.

23.

24.

25.

26.

Wyss ], van Groen T, Canning K: The Limbic System. In In: Neuro-
science in Medicine 2nd edition. Edited by: Conn P. Totowa: Humana
Press; 2003:369-387.

Kandel E, Schwartz J, Jessell T: Principles of Neural Science. New
York: McGraw Hill; 2000.

Swaiman K, Ashwal S: Pediatric Neurology: Principles and Prac-
tice. Volume 2. 3rd edition. St Louis: Mosby; 1999.

LaBar K, LeDoux J, Spencer D, Phelps E: Impaired fear condition-
ing following unilateral temporal lobectomy in humans. Jour-
nal of Neuroscience 1995, 1995:6846-6855.

LeDoux J: The Emotional brain: The Mysterious Underpin-
nings of Emotional Life. New York: Simon & Schuster; 1996.
Nyberg L, Cabaza R: Brain Imaging and Cognition. In In: The
Oxford Handbook of Memory Edited by: Tulving E, Craik F. New York:
Oxford University Press; 2000:501-502.

Zola S, Squire L: The medial temporal lobe and hippocampus.
In In: The Oxford Handbook of Memory Edited by: Tulving E, Craik F.
New York: Oxford University Press; 2000:485-500.

Del Bigio M, Bruni J: Silicone oil-induced hydrocephalus in the
rabbit. Child's Nerv Syst 1991, 7:79-84.

Katayama Y, Tsuboka T, Kinoshita K, Koshinaga M, Kawamata T,
Miyazaki S: Impaired synaptic plasticity and dendritic damage
of hippocampal CAIl pyramidal cells in chronic hydrocepha-
lus. In In: Hydrocephalus Pathogenesis and treatment Edited by: Mat-
sumoto S, Tamaki N. Tokyo: Springer; 1991:58-67.

Kawamata T, Katayama Y, Tsuji N, Nishimoto H: Metabolic
derangements in interstitial brain edema with preserved
blood flow: selective vulnerability of the hippocampal CA3
region in rat hydrocephalus. Acta Neurochir 2003, 86:545-547.
Denckla M: A theory and model of executive function: A neu-
ropsychological perspective. In In: Attention, Memory and Executive
Function Edited by: Lyon R, Krasnegor N. Baltimore: Paul Brookes;
1996:263-279.

Nelson C: The ontogeny of human memory: A cognitive neu-
roscience perspective. Dev Psychol 1995, 31:723-738.

Brewer V, Fletcher JM, Hiscok M, Davidson KC: Attention process
in children with shunted hydrocephalus versus attention def-
icit-hyperactivity disorder. Neuropsychology 2001, 15(2):185-198.
Loss N, Yeats KO, Enrile BG: Attention in children with mye-
lomeningocele. Child Neuropsychology 1998, 4:7-20.

Scott M, Fletcher JM, Brookshire BL, Davidson KC, Landry SH, Bohan
TP, Kramer L, Brandt M, Francis D): Memory function in children
with early hydrocephalus. Neuropsychology 1998, 12:578-589.
Snow JH: Executive Processes for children with spina bifida.
Children's Health Care 1999, 28(3):241-253.

Yeates KO, Enrile B, Loss N, Blumenstein E, Delis DC: Verbal learn-
ing and memory in children with myelomeningocele. Journal
of Pediatric Psychology 1995, 20:801-812.

Fletcher JM, Brookshire BL, Landry SH, Bohan TP, Davidson KC,
Francis D, Levin HS, Kramer LA, Morris RD: Attentional skills and
executive functions in children with early hydrocephalus. Dev
Neuropsychol 1996, 12:53-76.

Brookshire BL, Fletcher JM, Bohan TP, Landry SH, Davidson KC,
Francis D): Verbal and nonverbal discrepancies in children
with hydrocephalus: A five-year longitudinal study. | Pediatr
Psychol 1995, 20:785-800.

Dennis M, Hendrick EB, Hoffman HJ, Humphreys RP: Language of
hydrocephalic children and adolescents. | Clin Exp Psychol 1987,
9(5):593-621.

Dennis M, Jacenik B, Barnes M: The content of narrative dis-
course in children and adolescents after early-onset hydro-
cephalus and in normally developing age peers. Brain Lang
1994, 46:129-165.

Vachha B, Adams R: Measuring receptive language deficits in
children with myelomeningocele. Dev Med Child Neurol 2001,
43:8.

Vachha B, Adams R: Application of the Token test to children
with myelomeningocele and shunted hydrocephalus. Eur |
Pediatr Surg 2002, 12:33-34.

Vachha B, Adams R: Parent and school perceptions of language
abilities in children with spina bifida and shunted hydroceph-
alus. Eur | Pediatr Surg 2002, 12:31-32.

Vachha B, Adams R: Comprehensive assessment of spoken lan-
guage in children with myelomeningocele. Dev Med Child Neurol
2003, 45(96):16.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.
43.

44,
45.
46.

47.

48.

49.
50.

51,

52.

http://www.cerebrospinalfluidresearch.com/content/1/1/6

Vachha B, Adams R: Language differences in young children
with myelomeningocele and shunted hydrocephalus. Pediatr
Neurosurg 2003, 39:184-190.

Vachha B, Adams R: Language sample analysis in children with
myelomeningocele and shunted hydrocephalus. Eur | Pediatr
Surg 2003, 13(1):36-37.

Vachha B: Language differences in children with myelomenin-
gocele and shunted hydrocephalus. Dissertation Abstracts Interna-
tional 2003, 64(1):133. (UMI No. 0493969772)

Dennis M, Barnes M: Oral discourse after early-onset hydro-
cephalus: Linguistic ambiguity, figurative language, speech
acts, and script-based inferences. | Pediatr Psychol 1993,
18:639-652.

Fletcher JM, Barnes M, Dennis M: Language development in chil-
dren with spina bifida. Semin Pediatr Neurol 2002, 9(3):201-208.
Gathercole S, Baddley A: Working Memory and Language. Hills-
dale: Erlbaum; 1993.

Gillam R: Memory and Language Impairment in Children and
Adults: New Perspective. Austin: Aspen Publishers; 1998.
Carrow-Woolfolk E: Comprehensive Assessment of Spoken
Language. Circle Pines: American Guidance Service; 1999.

Paul R: Language Disorders from Infancy through Adoles-
cence: Assessment and Intervention. St Louis: Mosby Inc; 2001.
Davidovitch M, Manning-Courtney P, Hartmann LA, Watson |,
Lutkenhoff M, Oppenheimer S: The prevalence of attentional
problems and the effect of methylphenidate in children with
myelomeningocele. Pediatr Rehabil 1998, 3(Suppl 1):29-35.
Riddle R, Morton A, Sampson ], Vachha B, Adams R: Performance
on the NEPSY among children with spina bifida. Archives of
Clinical Neuropsychology in press.

Buckner R, Peterson S: What does neuroimaging tell us about
the role of prefrontal cortex in memory retrieval? Seminars in
the Neurosciences 1996, 8:47-55.

Fuster J: Synopsis of function and dysfunction of the frontal
lobe. Acta Psychiatr Scand 1999, 395:51-57.

Nolde S, Johnson M, Raye C: The role of prefrontal cortex dur-
ing tests of episodic memory. Trends in Cognitive Sciences 1998,
2:399-406.

Friston K, Frith C, Liddle P, Frackowiak R: Functional connectiv-
ity: The principal-component analysis of large (PET) data
sets. | Cereb Blood Flow Metab 1993, 13:5-14.

Mishkin M, Murray E: Stimulation recognition. Curr Opin Neurobiol
1994, 4:200-206.

Murray E: Medial temporal lobe structure contributing to rec-
ognition memory: The amygdaloid complex versus rhinal
cortex. In In: The Amygdala: Neurobiological Aspects of Emotion, Mem-
ory and Mental Dysfunction Edited by: Aggleton . London: Wiley-Liss;
1992:453-470.

Squire L, Zola S: Amnesia, memory and brain systems. Philos
Trans R Soc London B 1997, 352:1663-1674.

Squire L, Zola S: Medial temporal lobe memory system. Science
1991, 253:1380-1386.

Zola S, Squire L, Teng E, Stefanacci L, Clark R: Impaired recogni-
tion memory in monkeys after damage limited to the hip-
pocampal region. | Neurosci 2000, 20:451-463.

Klass P, Hannay J, Caroselli ], Fletcher J: Interhemispheric transfer
of visual, auditory, tactile, and visuomotor information in
children with hydrocephalus and partial agenesis of the cor-
pus callosum. | Clin Exp Neuropsychol 1999, 21(6):837-850.

Zeiner H, Prigatano G: Information processing deficits in hydro-
cephalic and letter reversal children. Neuropsychologia 1982,
20(4):483-492.

Del Bigio M: Neuropathological changes caused by hydroceph-
alus. Acta Neuropathol 1993, 85:573-585.

Kawamata T, Katayama Y, Tsuji N, Nishimoto H: Metabolic
derangements in interstitial brain edema with preserved
blood flow: selective vulnerability of the hippocampal CA3
region in rat hydrocephalus. Acta Neurochir Suppl 2003,
86:545-547.

Del Bigio M, Wilson M, Enno T: Chronic hydrocephalus in rats
and humans: white matter loss and behavior changes. Ann
Neurol 2002, 53:337-346.

Maguire E, Frackowiak R, Frith C: Learning to find your way: a
role for the human hippocampal formation. Proc R Soc London
1996, 263:1745-1750.

Page 7 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11324862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11324862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11324862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9805328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9805328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8558379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8558379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8558378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8558378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8131040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8131040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8131040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12944698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12944698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8295084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8295084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8295084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12350041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12350041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8417010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8417010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8417010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8038577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1896849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10627621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10627621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10627621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10649538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10649538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10649538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7133386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7133386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8337936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8337936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14753503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14753503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14753503

Cerebrospinal Fluid Research 2004, 1:6 http://www.cerebrospinalfluidresearch.com/content/1/1/6

53. Dolan R, Fletcher P: Dissociating prefrontal and hippocampal
function in episodic memory encoding. Nature 1997,
388:582-585.

54. Fletcher JM, Dennis M, Northrup H: Hydrocephalus. In In: Pediatric
Neuropsychology: Research, Theory and Practice Edited by: Yeates KO,
Ris MD, Taylor HG. New York: Guilford Press; 2000:25-47.

55. Vachha B, Adams R: Temperament Characteristics in School-
Aged Children with Spina Bifida and Shunted Hydrocepha-
lus. European Journal of Pediatric Surgery 2003, 13:28-46.

56. Kagan J: Galen's Prophecy: Temperament in Human Nature.
Boulder: Westview Press; 1998.

57. Bates JR: The concept of difficult temperament. Merrill-Palmer
Quarterly 1980, 26:299-319.

58. Buss A, Plomin R: Temperament: Early Developing Personality
Trait. Hillsdale: Erlbaum; 1984.

59. Carey WB, McDevitt SC: Coping with Children's Tempera-
ment. New York: Basic Books; 1995.

60. Chess S, Thomas A: Temperament: Theory and practice. New
York: Bruner-Mazel; 1996.

61. Goldsmith HH, Buss AH, Plomin R, Rothbart MK, Thomas A, Chess
S, Hinde RA, McCall RB: Roundtable: What is temperament?
Four approaches. Child Development 1987, 58:505-529.

62. Chess S, Thomas A: Goodness of Fit: Clinical Applications
From Infancy Through Adult Life. Philadelphia: Bruner-Mazel;
1999.

63. Kilpatrick L, Cahill L: Amygdala modulation of parahippocam-
pal and frontal regions during emotionally influenced mem-
ory storage. Neuroimage 2003, 20(4):2091-2099.

64. Richardson M, Strange B, Dolan R: Encoding of emotional mem-
ories depends on amygdala and hippocampus and their
interactions. Nat Neurosci 2004, 7(3):278-285.

65. Nomura M, Ohira H, Haneda K, lidaka T, Sadato N, Okada T,
Yonekura Y: Functional association of the amygdala and ven-
tral prefrontal cortex during cognitive evaluation of facial
expressions primed by masked angry faces: an event-related
fMRI study. Neuroimage 2004, 21(1):352-363.

66. Freeman M, Houpt T: The Hypothalamus. In In: Neuroscience in
Medicine Edited by: Conn P. Totowa: Humana Press Inc;
2003:293-346.

67. Champoux M, Kriete M, Eckhaus M, Suomi S: Behavioral and Phys-
ical Concomitants of Congenital Hydrocephalus in a Rhesus
Macaque (Macaca mulatta) Neonate. Contemp Top Lab Anim Sci
1997, 36(1):56-61.

68. Mirsky A: Disorders of Attention: A Neuropsychologcial Per-
spective. In In: Attention, Memory and Executive Function Edited by:
Lyon R, Krasnegor N. Baltimore: Paul Brooks; 1996:71-96.

69. Brazelton T: Touchpoints: Your Child's Emotional and Behav-
ioral Development. New York: Addison-Wesley Publishing Co;
1992.

70. Hepburn SL: Clinical Implications of Temperamental Charac-
teristics in Young Children with Developmental Disabilities.
Infants and Young Children 2003, 16(1):59-76.

71. Suskauer §J, Cintas HL, Marini JC, Gerber LH: Temperament and
Physical Performance in Children with Osteogenesis Imper-
fecta. Pediatrics 2003, 111(2):el53-elé6l.

72. Hughes MB, Shults ], McGrath ], Medoff-Cooper B: Temperament
Characteristics of Premature Infants. Developmental and Behav-
ioral Pediatrics 2002, 23:430-435.

73. Perrin EC, Ayoub CC, Willet |B: In the Eyes of the Beholder:
Family and Maternal Influences on Perceptions of Adjust-

ment of Children with a Chronic lliness. Developmental and Publish with Bio Med Central and every
Behavioral Pediatrics 1993, 14(2):94-105. : :
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 8 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9252188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9252188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3829791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3829791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14683713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14683713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14683713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14758364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14758364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14758364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14741673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14741673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14741673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12456186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12456186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12456186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12563089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12563089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12563089
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	This article was the winner of the triennial Casey Holter Memorial Prize awarded by the Society for Research into Hydrocephalus and Spina Bifida, 2004.
	Abstract
	Introduction
	Le Grand Lobe Limbique
	Tell-tale signs of limbic influence: Learning and Temperament
	Annie's Story
	Temperament as a Component for Assessment of Learning in Youth with MM
	Conclusion
	List of abbreviations
	Competing interests
	Authors' contributions
	Acknowledgments
	References

