
RESIDENT & FELLOW SECTION

Clinical Reasoning: Importance of clinical
phenomenology in the era of genetic testing
Meera R. Basu, BA, Alberto J. Espay, MD, MSc, Emily G. Wakefield, BS, MS, LGC, and Steve W. Wu, MD

Neurology® 2018;90:e534-e537. doi:10.1212/WNL.0000000000004930

Correspondence

Dr. Wu

steve.wu@cchmc.org

SECTION 1
A 13-year-old right-handed girl had abnormal involuntary movements since infancy. She was
born full-term by vaginal delivery with birthweight of 8 pounds, 3 ounces, from a mother who
smoked cigarettes. The delivery was complicated by meconium aspiration but she did not
require intubation or intensive care. Throughout her life, the abnormal movements remained
stable. She described these movements as involuntary, nonsuppressible shaking, involving her
entire body. The movements were continuous throughout the day, without diurnal variation,
resolved only during sleep, were exacerbated by anxiety and excitement, and caused frequent
falls. Medication trials with baclofen and levodopa were ineffective. She had history of global
developmental delay (GDD), intellectual disability (ID), and adjustment disorder with anxiety,
treated with sertraline. She also had intermittent asthmatic exacerbation and insomnia.

The patient’s parents were deceased at the time of assessment. Her paternal grandmother, who
had difficulty walking as a child but denied any ongoing neurologic symptoms, provided limited
history. Her father reportedly had involuntary movements since early infancy with motor delay,
inattentive symptoms, and frequent falls, and carried a presumed diagnosis of cerebral palsy. He
died of lung cancer at age 41 years. Her mother had multiple sclerosis and died in early
adulthood, reportedly from myocardial infarction. The patient was enrolled in 7th grade under
an individualized educational program.

Neuropsychological evaluation revealed low-average to average intelligence, very low to low-
average performance in verbal fluency, average working memory, and poor fine motor skills.
Neurologic examination (video, http://links.lww.com/WNL/A116) showed random multi-
focal movements involving the patient’s trunk and limbs. These movements were pre-
dominantly nonrhythmic, nonstereotyped, nonsynchronous, and flowing in nature but also
with superimposed jerkymovements giving rise to an appearance of restlessness. During tongue
protrusion, she demonstrated motor impersistence,1 which is the inability to sustain persistent
muscle contractions. These movements were worse during speech and motor tasks. There were
no muscle spasms, abnormal posturing, rhythmic movements, dysmetria, or dysdiadochoki-
nesia. Cranial nerves, motor strength, deep tendon reflexes, and sensory examination results
were normal. She walked with a narrow base. General physical examination was unremarkable.

Questions for consideration:
1. What is the phenomenology of the involuntary movement?
2. What is the differential diagnosis?
3. Which tests should be obtained?
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SECTION 2
The patient’s hyperkinetic movement was consistent with
chorea with relatively minor superimposed myoclonus.
Chorea, the predominant phenotype, is an involuntary hy-
perkinetic movement disorder characterized by irregular,
nonrhythmic, nonsynchronous, flowing movements that ap-
pear restless.1 Phenomenologically, athetosis, chorea, and
ballism exist on a spectrum and are differentiated based on
speed, amplitude, and distribution.1

The differential diagnosis for childhood chorea is broad.
Etiology can be primary (hereditary, often insidious onset)
or secondary (acquired, acute, or subacute onset). Al-
though Sydenham chorea is the most common form
of acquired chorea in children,2 early-infancy onset made
this condition and other pediatric autoimmune chorea
disorders (e.g., systemic lupus erythematosus, anti-
phospholipid antibody syndrome, anti-NMDAR enceph-
alitis) less likely.2

The persistence of chorea into the teen years ruled out
physiologic chorea of infancy, and the continuous symptom
ruled out paroxysmal dyskinesia. Furthermore, the medi-
cation history ruled out an iatrogenic etiology. A normal
noncontrast brain MRI excluded structural abnormalities,
such as prenatal or perinatal brain injury or brain
malformation.

Family history suggested an autosomal dominant inheritance
pattern. Normal caudate size on MRI excluded juvenile-onset
Huntington disease, which would have more likely presented
with a hypokinetic phenomenology. Given the patient’s
nonprogressive course and family history, benign hereditary
chorea (BHC) was the most plausible syndromic diagnosis.
Mutations in 3 genes have been identified as pathogenic.
NKX2-1 mutations are associated with developmental delay,
learning difficulties, hypotonia, variable hypothyroidism, pi-
tuitary involvement (empty sella syndrome), and history of
neonatal respiratory distress.3 ADCY5 gene mutations have
been recently recognized as a relatively common etiology of
BHC.4 Finally, de novo dominant mutations in PDE10A also
cause BHC but with bilateral striatal lesions.5 Both NKX2-1-
and ADCY5-related BHC can also include additional abnor-
mal movements such as dystonia and myoclonus.3,4

Given these genetic considerations, thyroid function laboratory
tests were ordered and revealed elevated thyroid-stimulating
hormone ranging from 4.76 to 8.68 (normal range 0.53–4.00
μIU/mL), increasing the likelihood of a pathogenic NKX2-1
mutation. Sanger sequencing analysis of the NKX2-1 gene,
however, did not reveal any pathogenic variation.

Questions for consideration:
1. What other tests would you order?
2. What are management options?
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SECTION 3
Given the patient’s GDD/ID history, high-resolution chro-
mosomal karyotyping was performed, which identified an
inversion in chromosome 14 (46,XX,inv[14][q13q21]). The
American Academy of Neurology published a practice
guideline on the genetic workup of children with GDD/ID.6

After detailed history and examination, it recommended
obtaining karyotype, microarray, or fluorescence in situ hy-
bridization (FISH) studies, with rates of abnormality in
nonsyndromic GDD/ID children of >4%, 7.8%, and 3.5%,
respectively.6

One of this patient’s chromosomal inversion breakpoints was
in the 14q13 region, which is in the approximate location of
theNKX2-1 gene. Her early-onset nonprogressive generalized
chorea associated with thyroid dysfunction strongly argued in
favor of NKX2-1-related BHC. Parental testing was not pos-
sible to determine if this inversion was de novo or inherited
from her symptomatic father. Subsequent Sanger sequencing
of NKX2-1 was negative. However, this testing methodology
only examines the exons and is not designed to detect chro-
mosomal rearrangements. As a result, this negative test result
did not exclude the possibility that the NKX2-1 gene was
affected by this inversion. Thus, this test provided a false-
negative result. Appropriate interpretation of the separate
genetic data was only possible by the proper interpretation of
the historical and semiologic data.

Given the lack of disease-specific treatments, the management
approach was symptom-based. Functional impairment due to
chorea persisted despite occupational and physical therapies.
Symptomatic treatment of chorea includes the use of benzo-
diazepines, agents that reduce dopaminergic transmission (do-
pamine receptor antagonists [neuroleptics], dopamine
depleters), and select antiepileptic medications.3,7 Although the
mechanism is unknown, levodopa has also been reported to be
therapeutic in some patients with NKX2-1-related BHC.3 In
severe cases, children may be considered for deep brain stimu-
lation of bilateral internal globus pallidi.4 Our patient was treated
with oral diazepam and fluphenazine after obtaining a baseline
ECG. This combination provided satisfactory reduction in her
chorea. She was also evaluated by an endocrinologist but was not
placed on levothyroxine due to normal free T4 levels.

DISCUSSION
This report highlights (1) a case of early-onset benign he-
reditary chorea demonstrating normal Sanger sequencing
result and (2) the importance of clinical expertise in un-
derstanding and interpreting negative or ostensibly non-
contributory genetic test results.

Identifying the phenomenology of a movement disorder
requires a systematic approach in history-taking, observation,
and examination techniques. In our case, identifying the ab-
normal movement as chorea rather than dystonia or tremor
helped guide the diagnostic workup and helped resolve
a negative result. Unlike the nonpatterned, flowing nature of

chorea, tremor is rhythmic and stereotyped whereas dystonia
is tonic, with or without a jerky tremulous component.1

Once the movement phenomenology is identified, unraveling
the etiology is guided by detailed history and examination. As
discussed in Section 2, the age at onset, evolution of symp-
toms, associated symptoms, and exacerbating/relieving
factors can help narrow the differential diagnosis. Other
non-neurologic medical and family history may also be crucial.

As technologies advance, the approach to genetic workup
requires the understanding of test limitations.8 This is important
for counseling the patient and family when any test is being
considered. Equally important is the interpretation of the test
results. Prior documented cases of NKX2-1-related BHC have
arisen from deletions, frameshift, nonsense, and missense
mutations.3,9 In this case, the combination of chorea and hypo-
thyroidism supports the likelihood of NKX2-1-related BHC es-
pecially since the identified balanced chromosomal inversion is in
the region of the NKX2-1 gene. Based on available laboratory
data, we do not know the precise locations of the inversion
breakpoints, therefore we cannot definitively prove that this gene
was affected. Theoretically an examination of NKX2-1 protein
expression in affected tissues could prove that this inversion was
indeed causative, although such research-based tool was not
available for clinical use. Interestingly, a previously published case
involves the deletion of 14q13.1-q13.3 but with intact exons and
splice site junctions of theNKX2-1 gene.10 This patient presented
with neonatal respiratory distress, recurrent respiratory infections,
chorea, and hypothyroidism, consistent with clinical diagnosis of
NKX2-1-related BHC. Sanger sequencing would not have
identified either of these cases. Similarly, microarray analysis and
whole exome sequencing could not have identified a chromo-
somal inversion, such as in this patient. FISH can identify
a chromosomal inversion but requires a high index of suspicion
for the genetically abnormal region thought to be involved.

In this patient with an autosomal-dominant, generalized
nonprogressive chorea and thyroid dysfunction, the pretest
probability for an NKX2-1 gene mutation was high. Although
Sanger sequencing was negative, the appropriate in-
terpretation of the subsequent karyotype, undertaken in view
of the patient’s cognitive history, identified an abnormality in
the region where the suspected etiologic NKX2-1 gene
resides, thus circuitously confirming the genetic etiology of
this patient’s BHC phenotype. Understanding the limitation
of Sanger sequencing and recognizing the clinical features of
NKX2-1-related disorder allowed the appropriate in-
terpretation of her chromosome 14q13q21 inversion.
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