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Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental condition characterized by inattention, hyperactivity,
and impulsivity. Chiari malformations (CM), first described approximately a hundred years ago, refer to a spectrum of hindbrain
malformations characterized by cerebellar herniation through the foramen magnum. We present the case of a 28-year-old woman
with ADHD and concurrent Chiari malformation type I (CM-I) that was diagnosed by CT scan. There is growing evidence
supporting the role of the cerebellum and its associated structures in the pathophysiology of ADHD. Thus, a cerebellar mal-
formation such as CM may impact neurological circuitry in a manner favoring the development of a neuropsychiatric disorder
such as ADHD. Our case highlights the need for further studies pertaining to the role of the cerebellum in the pathophysiology of
ADHD and the importance of considering the presence of CM when evaluating a patient with ADHD.

1. Introduction

Attention deficit hyperactivity disorder (ADHD) is a neu-
rodevelopmental condition characterized by inattention,
hyperactivity, and impulsivity [1]. Reported prevalence rates
of ADHD vary in the literature. Causes for these differences
include factors such as the population studied and the
method of assessment [2, 3]. ADHD is a highly prevalent
psychiatric disorder, affecting approximately 9% of children
and 4% of adults in the United States, that emerges during
childhood and persists into adulthood in as many as 75% of
cases [4-6]. Despite recent advances in describing its precise
pathophysiological mechanisms, much remains to be elu-
cidated. Clinical observations of conditions which accom-
pany and potentially contribute to ADHD may enhance our
comprehension of this disorder.

Chiari malformations (CM), first described approxi-
mately a hundred years ago, refer to a spectrum of hindbrain
malformations characterized by cerebellar herniation
through the foramen magnum, resulting in compression of
the caudal brainstem and upper cervical spinal cord as well
as obstruction of normal cerebrospinal fluid (CSF) flow
through the fourth ventricle. Possible CM aetiologies include

genetic predisposition, congenital anomalies, and acquisi-
tion through trauma or illness [7]. Four types of CM (CM-I,
CM-II, CM-III, and CM-IV) have been described and are
classified according to cerebellar herniation, spinal cord
spacing, and severity, with CM-I being the least severe form
[7]. The symptoms most commonly encountered in CM-I
are debilitating headaches that worsen with Valsalva ma-
neuvers, neck pain, dizziness, and visual disturbances [8]. It
is difficult to evaluate the true prevalence of CM; however,
modern imaging techniques have enabled CM to be iden-
tified more frequently. Before these technologies were
available CM, was evaluated to occur in .001% of births [9].

The case we describe here is one of only three reported
individual cases described in the English literature of a co-
occurrence of ADHD and CM-1.

2. Case Presentation

The patient is a 28-year-old Caucasian college student, who
was referred by her primary care practitioner to our out-
patient clinic in September 2018 for evaluation and treat-
ment of ADHD.
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She had been diagnosed with ADHD at age 12 by a
pediatrician and a psychologist in the context of poor ac-
ademic performance, concentration difficulties, attention
deficits, distractibility, impulsivity, and lack of organiza-
tional skills. At that time, the patient almost failed her first
year of high school and began a trial of psychostimulants. By
age 28, she had tried several long-acting formulations of
methylphenidate as well as a norepinephrine reuptake in-
hibitor, all of which increased her anxiety in social gath-
erings and resulted in significant dysphoria. At the time of
her consultation, she was not on any medication.

She had no pertinent medical or surgical history, except
for a concussion at age 15. Her mother had been diagnosed
with depression and anxiety and her brother with borderline
personality disorder.

One month prior to her consultation, the patient ex-
perienced a significant concussion accompanied by mi-
graines, nausea, vomiting, and ataxia. An emergency
physician prescribed a cerebral CT scan. While the results
excluded hemorrhage, ischemia, or space-occupying lesions,
they indicated a downward displacement of the cerebellar
tonsils compatible with CM type 1.

At the time of presentation to our clinic, most of her
symptoms of concussion had subsided with the exception of
dizziness during physical exercise. The patient was mainly
preoccupied with symptoms of ADHD, which were evalu-
ated with the clinical interview and the adult ADHD self-
report scale (ASRS) [10]. Our consultation confirmed a
postconcussion syndrome and ADHD. The patient’s base-
line ASRS score (before starting medication) was 62. She was
concerned that her lifelong symptoms of ADHD may have
been caused by the CM leading us to undertake a review of
the literature.

In the months following her initial evaluation, the pa-
tient proved to be extremely sensitive to the side effects of
stimulants, limiting the possibility of using the usual ther-
apeutic dose range. She is currently stabilized on 10 mg of
lisdexamfetamine dimesylate daily. At this dose, her ASRS
score was 51. She notes some improvement in organisation
but continues to have significant difficulties with concen-
tration and impulsivity as of July 2019.

3. Discussion

Our case report of co-occurring ADHD and CM-I is one of
only three cases described in the English literature. One
other case occurred in a 10-year-old male who exhibited
autism spectrum disorder (ASD), ADHD, and CM-I, and the
third occurred in a 10-year-old male with a nonsense
hemizygous mutation of the TBL1X gene, central congenital
hypothyroidism, hearing loss, attention deficit and hyper-
activity disorder (ADHD), autism spectrum disorder (ASD),
encopresis, and CM-I [11, 12]. These reports are of interest as
they support evidence pertaining to the role of the cere-
bellum, its genetics, and its associated structures in the
pathophysiology of ADHD.

CM consists of the herniation of the cerebellar tonsils,
through the foramen magnum resulting in alteration and
compression of postero-inferior cerebellar structures.
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Cerebellar findings, notably smaller cerebellar volumes, are
amongst some of the earliest reported differences noted in
ADHD [13]. Variations in cerebellar structure and func-
tional connectivity have been reported in ADHD and
ADHD symptom severity has been shown to correlate with
the degree of reduction in volume of both the posterior
vermis and of the cerebellum as a whole [13, 14].

A review of the prevalence of psychiatric disorders in a
sample of 86 children with a formal diagnosis of CM-I
revealed elevated rates of psychiatric diagnoses, including
ADHD (22.1%), anxiety (12.8%), and depression (10.5%)
when compared to published norms in the general pop-
ulation [15].

Changes in the cerebellum and associated structures
have also been linked with ASD, as was highlighted in the
case report by Osuagwu and colleagues [11]. Their article
underlined the neurobiological link between ADHD and
ASD, as the cephalocranial disproportion in neural tissue in
CM-TI is also seen in ASD.

Furthermore, structural and functional imaging studies
have shown evidence of altered brain volumes in ADHD
leading to dysfunction in fronto-subcortical pathways [11].
A recent fMRI study noted that the altered connectivity in
the cerebellar network was present in the combined type of
ADHD (inattentive and hyperactive) as compared with al-
terations in the cingulo-frontoparietal attention and visual
networks found in the predominately inattentive subtype
[16].

Unfortunately, the absence of studies examining the
association between ADHD and the different types of CM is
a significant limitation of the available literature; it would be
interesting to explore the relationship of severity of one
condition and its correlation with that of the other. Addi-
tionally, an examination of the order of onset of cerebllar
malformations and ADHD would inform the directionality
of a causal relationship between the two conditions.

4. Conclusion

This case report suggests a potential link between CM and
ADHD which may itself be, in part, a result of cerebellar
dysfunction. Imaging might not be appropriate in every case
of ADHD but may be considered when the clinical signs and
symptoms of CM are present such as headaches, neck pain,
dizziness, and visual disturbances. These observations add to
data suggesting that the cerebellum and its associated neural
networks may play a role in the pathophysiology of ADHD.

Abbreviations

ADHD: Attention deficit hyperactivity disorder
CM: Chiari malformation

ASD:  Autism spectrum disorder

TBL1X: Transducin f-like 1 X-linked gene.

Data Availability

Patient consent form and ASRS are available upon request.
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Consent

Informed consent was obtained from the patient. A signed
consent form authorizing publication is available and in-
cluded in the patient’s chart.
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