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Abstract Spinocerebellar ataxia type 7 is a neurodegenera-
tive polyglutamine disease characterized by ataxia and retinal
degeneration. The longitudinal course is unknown, and rela-
tionships between repeat expansion, clinical manifestations,
and neuropathology remain uncertain. We followed 16 affected
individuals of a 61-member kindred over 27 years with electro-
retinograms, neurological examinations including the Brief
Ataxia Rating Scale, neuroimaging in five, and autopsy in four
cases. We identified four stages of the illness: Stage 0, gene-
positive but phenotypically silent; Stage 1, no symptoms, but
hyperreflexia and/or abnormal electroretinograms; Stage 2,
symptoms and signs progress modestly; and Stage 3, rapid
clinical progression. CAG repeat length correlated inversely
with age of onset of visual or motor signs (r0−0.74, p00.002).
Stage 3 rate of progression did not differ between cases
(p00.18). Electroretinograms correlated with Brief Ataxia Rat-
ing Scale score and were a biomarker of disease onset and

progression. All symptomatic patients developed gait ataxia,
extremity dysmetria, dysarthria, dysrhythmia, and oculomotor
abnormalities. Funduscopy revealed pale optic discs and pig-
mentary disturbances. Visual acuity declined to blindness in
those with longer CAG expansions. Hyperreflexia was present
from Stage 1 onwards. Restless legs syndrome and sensory
impairment were common. Neuropathological hallmarks were
neuronal loss in cerebellar cortex, deep cerebellar nuclei, infe-
rior olive, and anterior horns of the spinal cord, and axonal loss
in spinocerebellar tracts, dorsal nerve roots, and posterior col-
umns. Retinal pathology included photoreceptor degeneration
and disruption of retinal pigment epithelium. Spinocerebellar
ataxia type 7 evolves through four clinical stages; neuropatho-
logical findings underlie the clinical presentation; electroretino-
grams are a potential biomarker of disease progression.

Keywords Trinucleotide repeat expansion . Cerebellum .

Ataxia . Pathology . Electroretinography

Introduction

Spinocerebellar ataxia type 7 (SCA 7) is a polyglutamine
(polyQ) neurodegenerative disease characterized by progres-
sive cerebellar ataxia and retinal degeneration with ophthalmo-
plegia, hyperreflexia, sensory loss, dysarthria, and dysphagia
[1–3]. It is caused by expansion of the polyQ-encoding tract of
the ATXN7 gene, which encodes ataxin-7, a subunit of com-
plexes involved in transcriptional regulation [4]. The normal
CAG repeat length is 7–17; pathogenic, expanded alleles con-
tain 37 to 460 repeats [5]. Expansion length (greater than 37
CAG repeats) is inversely correlated with age of onset (AO)
and may be correlated with severity of illness [6].

To date, the longitudinal clinical course in gene-positive
individuals has not been demonstrated, and there is limited
information concerning the interaction between disease severity
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and progression and between AO, disease duration, and expan-
sion length. There has also been no prior attempt to examine
SCA 7 neuropathology in light of these variables.

We have followed a family with SCA 7 since 1997, many
of whose members had previously been evaluated with elec-
troretinograms (ERGs) dating back to 1985. Of the 61-
member kindred, 16 individuals are known to be affected,
and four have come to autopsy. We studied this family in
order to characterize the longitudinal clinical course of indi-
viduals, and to explore the effects of genotype on clinical and
pathological phenotype.

Patients and Methods

The diagnosis was confirmed with genetic testing in 1997 in
the Massachusetts General Hospital (MGH) proband (III-16).
Family members (Fig. 1) underwent neurological examination
and genetic testing. Genomic DNA was isolated from blood
and analyzed by a polymerase chain reaction assay. Sixteen
family members were identified as affected by family history
and/or genetic testing, 14 of whom were living at the time this
study commenced. Thirteen have been followed since 1997
with neurological examinations (JDS). The remaining indi-
vidual was examined elsewhere by a local movement disor-
ders neurologist. Of the two originally identified deceased
individuals, one (IV-19) had been examined at our hos-
pital in the 1980s; the other (II-4) died at age 58 before
the proband presented and was not examined by a
neurologist. Eleven members presented to the Berman-
Gund Laboratory of the Massachusetts Eye and Ear
Infirmary (MEEI) since 1986, including the MEEI

proband IV-19 [7]. In addition to the child (IV-19)
who came to autopsy in the 1980s, three of the four
members of the family who died since this study began in
1997 have also come to autopsy. Study of this family was
approved by the Institutional Review Board of MGH.

Quantitation of Ataxia

Beginning in 2003, ataxia was quantified with the modified
International Cooperative Ataxia Rating Scale (MICARS) [8].
Since 2007, theBriefAtaxiaRating Scale [8] (BARS) (Table 1),
derived from the MICARS, was used to score ataxia prospec-
tively. The five domains assessed via the BARS are gait, upper
extremity movement, lower extremity movement, speech, and
oculomotor findings; the scoring guide and descriptors are
included in Table 1. It was also possible to score ataxia retro-
spectively, as the records contained detailed qualitative descrip-
tors of the five BARS domains. Inter-rater reliability of BARS
is 0.91 [8]; serial examinations performed by the same rater in
this study are likely equally or more reliable.

Statistical Analysis

Statistical computations were performed using GraphPad Prism
version 5.04 for Windows, GraphPad Software, La Jolla, CA,
USA, www.graphpad.com, except for CAG and AO correlation
and BARS and ERG correlation, which were performed using
R, the lme4, and survival libraries [9–11]. To examine the
relationship between AO and CAG repeat length, we used a
proportional hazards regression with CAG as the only covariate.

Fig. 1 SCA 7 family tree. Solid black symbols denote a gene-positive,
symptomatic family member; half-shaded circles or squares represent
gene-positive but asymptomatic individuals; a black dot denotes a
member with unknown genetic status. CAG expansion lengths are
listed in bracketed italics below numerical identifiers for each affected

family member. Unfilled circles or squares represent family members
who have tested negative for the CAG expansion, or their offspring
who are not at risk. Asterisk: II-4 was not seen by a neurologist and was
asymptomatic at death, but the conclusion that he carried a CAG-expanded
SCA 7 allele is solid given the family history
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Electroretinography

After dilation of the pupils and dark adaptation for 45 min,
full-field ERGs were recorded from each eye with a Burian–
Allen contact lens electrode placed on the topically anesthe-
tized cornea, as described previously [12]. Rod-isolated

responses were recorded to 0.5 Hz dim blue light, then mixed
cone-plus-rod responses to 0.5 Hz white light, and then cone-
isolated responses to 30 Hz white flicker; narrow band pass
filtering and computer averaging were used to quantitate cone
responses less than 10 μV [13]. Cone responses were quanti-
tated with respect to peak-to-peak amplitude, and with respect
to implicit time, i.e., time interval between stimulus flash
onset and corresponding response peak. Foveal cone ERGs
were recorded to 42 Hz white flickering stimuli with a two-
channel stimulator-ophthalmoscope that was used to present a
4° diameter white flickering stimulus centered within a steady
10° white annular surround [14].

Brain Imaging

Magnetic resonance brain imaging (MRI) was performed in
five patients using 1.5 Tesla clinical scanners. T1-weighted,

Table 2 Clinical findings in 13 symptomatic patients

Sign Percent of symptomatic
patients

N

Ataxia 100 13

Dysarthria 100 13

Dysmetria 100 13

Dysrhythmia 100 13

Hyperreflexia 100 13

Oculomotor 100 13

Hoffman's sign 90 (% of 10 tested) 9

Pale fundi 76.9 10

Visual loss 69.2 9

Babinski's sign 58.3 (% of 12 tested) 7

Restless legs syndrome 53.8 7

Reduced phonemic and/or
semantic fluency

53.8 7

Sensory loss 46.2 6

Weakness 38.5 5

Facial dyskinesias 30.7 4

Table 3 Oculomotor findings in 13 symptomatic patients

Finding Percent of
symptomatic
patients

N

Slowing of eye movements 76.9 10

Saccadic intrusions into and/or slowing of
vestibulo-ocular reflex cancellation

46.1 6

Ophthalmoparesis or ophthalmoplegia 38.5 5

Nystagmus 30.8 4

Overshoot/undershoot of saccades 23.1 3

Saccadic intrusions into pursuit 15.3 2

Square-wave jerks at rest 0 0

Table 1 Brief Ataxia Rating Scale, used to quantify ataxia

Gait

0: Normal

1: Almost normal naturally, but unable to walk with feet in tandem
position

2: Walking without support, but clearly abnormal and irregular

3: Walking without support but with considerable staggering;
difficulties in half turn

4: Walking without support not possible; uses support of the wall for
10-m test

5: Walking possible only with one cane

6: Walking possible only with two canes or with a stroller

7: Walking possible only with one accompanying person

8: Walking impossible with one accompanying person (two-person
assist; wheelchair)

Knee-tibia test (decomposition of movement and intention tremor; left
and right scored)

0: Normal

1: Lowering of heel in continuous axis, but movement is decomposed
in several phases, without real jerks, or abnormally slow

2: Lowering jerkily in the axis

3: Lowering jerkily with lateral movements

4: Lowering jerkily with extremely long lateral movements, or test
impossible

Finger-to-nose test (decomposition and dysmetria of arm and hand; left
and right scored)

0: Normal

1: Oscillating movement of arm and/or hand without decomposition
of the movement

2: Segmented movement in two phases and/or moderate dysmetria in
reaching nose

3: Segmented movement in more than two phases and/or considerable
dysmetria in reaching nose

4: Dysmetria preventing the patient from reaching nose

Dysarthria

0: Normal

1: Mild impairment of rate/rhythm/clarity

2: Moderate impairment of rate/rhythm/clarity

3: Severely slow and dysarthric speech

4: Speech absent or unintelligible

Oculomotor abnormalities

0: Normal

1: Slightly slowed pursuit, saccadic intrusions, hypo/hypermetric
saccade, nystagmus

2: Prominently slowed pursuit, saccadic intrusions, hypo/hypermetric
saccade, nystagmus

Total (out of 30)
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T2-weighted, and fluid-attenuated inversion recovery (FLAIR)
sequences were available for review.

Postmortem Analysis

Pathological examination was completed on four affect-
ed individuals in this kindred (II-3, II-5, III-16, and IV-
19) (Table 5). Tissue was obtained within 24 h of death
in all cases. Standard autopsy procedures were used,
with brains and spinal cords fixed in 10 % buffered for-
malin for 10–14 days, followed by cutting in the coronal
plane (brain) and transversely (brainstem and spinal cord).
Tissue samples were processed for paraffin-embedding.
Staining methods included routine Luxol/H&E, modified
Bielschowsky silver staining, and immunohistochemistry
for ubiquitin.

Results

Clinical Findings

Thirteen gene-positive individuals are, or were, clinically
symptomatic (see Appendix for synopses of their clinical
course). Two remain asymptomatic; one (II-4) was neuro-
logically asymptomatic at time of death.

Of the symptomatic patients, all demonstrated gait ataxia,
dysmetria, and dysrhythmia of the extremities, dysarthria, and
oculomotor abnormalities (Table 2). Facial dyskinesias and/or
grimacing were evident in four (30.7 %). Oculomotor findings
included saccadic intrusions into pursuit, slowing of eye
movements, overshoot and/or undershoot of saccades, saccadic
intrusions into and slowing of vestibulo-ocular reflex cancella-
tion, nystagmus and, late in the illness, ophthalmoparesis and
ophthalmoplegia (Table 3).

Muscle tone was increased in five (38.5 %), increased
with superimposed spastic catch in three (23.1 %), de-
creased with spastic catch in three (23.1 %), and otherwise
normal with spastic catch in two (15.4 %). No patient
demonstrated pure hypotonia. Muscular power was pre-
served until late in the illness, when deconditioning and loss
of muscle bulk became evident. Prominent hyperreflexia in-
cluded crossed-supraclavicular (n08, 61.5 %), pectoral (n08,
61.5 %), and hip adductor (n09, 69.2 %) reflexes in addition
to a Hoffmann sign (n09, 69.2 %) and extensor plantar
responses (n08, 61.5 %). The jaw jerk reflex was normal in
12 (92.3 %). Sensory impairment was evident in six (46.2 %).
Seven (53.8 %) reported restless legs syndrome (RLS).

Relationship of CAG Expansion to Age of Onset

Two patients were gene-positive but asymptomatic (i.e., AO
was censored). CAG repeat expansion was inversely

correlated to AO of either visual or motor symptoms (pro-
portional hazards regression; r0−0.74, p00.002). CAG ex-
pansion accounted for 52 % of variability in AO. In contrast
to a previous report [15], onset of visual symptoms preceded
onset of motor symptoms in three cases with <59 repeats
(III-16, IV-20, and IV-36). Four individuals of the same
generation (III-7, III-8, III-12, and III-15) had identical
CAG expansions (41) with disparate phenotypes. AO was
approximately 40 for two (III-6 and III-7), whereas two
remained asymptomatic at ages 46 (III-12) and 58 (III-15)
with only hyperreflexia.

Electroretinograms

Five affected individuals (II-3, II-5, III-6, III-16, and IV-19)
were evaluated ophthalmologically 27 years ago including
ERGs [7]. Two (III-6 and III-16) underwent follow-up ERG
testing as part of the current study. An additional six affected
individuals underwent ERG on only one occasion, as part of
the current study (III-8, III-12, III-13, III-15, IV-20, and IV-

Fig. 2 Full-field electroretinograms; one to three consecutive responses
are superimposed for each test condition. a Representative normal
(control). b III-6, age 32, OD. Delayed cone responses to white
(30 Hz) flicker. c III-6, age 51, OD. Reduced rod responses to blue
(0.5 Hz) flashes; reduced rod-plus-cone responses to white (0.5 Hz)
flashes; delayed and reduced cone responses to white (30 Hz) flicker.
d III-6, age 62, OD. Non-detectable (<10 μV) rod responses to blue
(0.5 Hz) flashes; reduced rod-plus-cone responses to white (0.5 Hz)
flashes; delayed and reduced cone responses to white (30 Hz) flicker.
The calibration symbol at lower right designates 50 ms horizontally for
all tracings and 100 μV vertically for all tracings except white (30 Hz)
flicker for III-6, age 62 (voltage shown as vertical axis). A and B
reproduced from To et al. [7], with permission

180 Cerebellum (2013) 12:176–193



36; see Table 4). BARS score correlated with implicit time
of cone-isolated response to 30 Hz white flicker (Pearson's
product–moment correlation; r00.82, p00.01), andwith ampli-
tude of rod-isolated response to blue 0.5 Hz flashes (Pearson's
product–moment correlation; r00.66, p00.05). Retinopathy
worsened over time (Fig. 2), but our data were insuffi-
cient to permit conclusions regarding rate of change as a
function of length of CAG repeat or duration of disease.

Brain Imaging

Brain MRI revealed mild volume loss in the cerebellum,
pons, and inferior olives, somewhat more prominent in
those patients with higher scores on the BARS (Fig. 3).

Rate of Change of Severity of Ataxia and Stages of Clinical
Disease

BARS scores increased steadily over time for some
patients (e.g., III-16), whereas in others, there appeared
to be a stage of moderate stabilization with fluctuation
for a number of years, followed by a stage of progres-
sion (Fig. 4). We defined the indolent stage as Stage 2
and the aggressive phase as Stage 3. This was corrobo-
rated by patients' accounts (II-3 and III-7) of a change in
the aggressiveness of the disease at ages 67 and 60, respec-
tively, with more rapid decline thereafter. BARS data exist for
both stages in patients III-6 and III-8, and for six patients in
Stage 3 (II-3, III-13, III-16, IV-22, IV-36, and IV-43). The rate

Fig. 3 MRI findings for four
patients. Family member
numerical identifier, CAG repeat
expansion length, and age and
Brief Ataxia Rating Scale
(BARS) score at time ofMRI are
listed at the top of each column.
Cases are ordered frommost se-
vere at left to least severe at right
(asmeasuredonBARS)at timeof
MRI. Scans demonstrate cerebel-
lar volume loss, prominence of
cerebellar fissures, mild volume
loss in brainstem, reduced
volumeof inferior olives (arrow),
mild pontine volume loss, and
mild enlargement of fourth
ventricle. a–l T2 axial images.
m–o T1midsagittal images.
p–r T1 parasagittal images

Cerebellum (2013) 12:176–193 181



of progression within Stage 3 was determined based on these
eight patients using a linear regression model (Fig. 4). The
average rate of change of BARS score over time for these
Stage 3 patients was 1.31±0.31 (mean±SD) points per year.
When the linear regression lines were compared [16], there
was no significant difference in the rate of change of BARS
score in patients in Stage 3 (analysis of covariance, p00.18).
Case IV-19 was not included in this analysis, as retroactive
BARS scoring were not possible.

Based on history, BARS (Fig. 4), neurological examination,
and ERG, the disease therefore appeared to evolve through
four stages (0 through 3).

In Stage 0, gene-positive individuals have no symptoms
or signs of disease, or abnormalities on ERG testing.

Stage 1 (clinically detectable but presymptomatic) was
defined by nascent physiological dysfunction reflected in ab-
normal ERG and/or exaggerated deep tendon reflexes (DTRs).
Case III-12 (41 CAG repeats) exemplified the transition from
Stage 0 at age 34, to Stage 1 at age 36.

In Stage 2 (symptomatic), patients developed visual ormotor
symptoms. Ataxia was mild. In case III-8, BARS scores fluctu-
atedbetween0.5and3.5over9years, and in III-6, between7and
9 over 7 years. This milder stage was reported by other affected
family members, before being seen in our clinic.

Stage 3 (accelerated progression) was characterized by
rapid evolution of disease. BARS scores increased by 1.31±
0.31 (mean±SD) points per year, with a range of 0.86 to
1.80 points per year.

We note that the course of the early childhood case (IV-
19) was compressed into 6 years. This individual may have

transitioned quickly through Stages 1 and 2, but BARS
scores could not be determined from available records.
The true date of onset of pathological or clinical disease
(pre- or postpartum) in this case is not known.

Neuropathological Findings

Four patients came to postmortem. Pathological changes
were noted in the cerebellar cortex and white matter, deep
cerebellar nuclei (DCN), inferior olivary nuclei, basis pontis,
lateral geniculate nucleus (LGN), substantia nigra, subthala-
mic nucleus (STN), cranial nerve (CN) nuclei, retina, dorsal
nerve roots, spinocerebellar tracts, posterior columns, and
anterior horns (Figs. 5 and 6). For detailed results, see Table 5.

Discussion

This study of a large family with SCA 7 over 27 years leads
us to conclude that the disease evolves through different
stages, that neuropathological findings explain the clinical
phenomenology, and that longitudinal analysis of the ERG
responses may provide an independent biomarker of disease
progression over time.

An inverse correlation between CAG repeat expansion
and AO is well documented [6, 15], and here we confirm
this. The phenotypic variability cannot be fully accounted
for based on CAG expansion alone; however, other genetic
and environmental factors may play a role, and may also
influence the transition from Stage 2 to Stage 3.

Fig. 4 BARS scores with linear regression models of Stage 3 progression for each patient. III-6 is in Stage 2 from age 49 to 54; III-8 is in Stage 2
from age 46 to 52. All other data points are in Stage 3

182 Cerebellum (2013) 12:176–193



Based on electrophysiological and neurological features
in this kindred, there appear to be four stages of SCA 7 that
may have clinical and pathophysiological significance.

Stage 0 patients are gene-positive, asymptomatic, with nor-
mal physiology (DTRs and/or ERG). Stage 1 patients are
asymptomatic, with abnormal physiology (hyperreflexia

Fig. 5 Light microscopy. a Cerebellar folium, II-3; marked loss of
white matter (arrow). Bar01 mm, hematoxylin and eosin stain (H&E),
×4. Inset: normal cerebellar folium. Bar01 mm, H&E, ×4. b Cerebellar
folium, IV-19; marked depletion of granule cell layer, cortical thick-
ness, and reduced intensity of white matter staining. Bar01 mm, ×4. c
Purkinje cell (PC) enclosed by basket cell axons (arrow) and empty
basket (arrowhead), III-16. Bar0100 μm, silver stain, ×40. d PC
axonal torpedo (arrow), III-16. Bar0100 μm, silver stain, ×40. e
Cerebellar cortex, II-3; mildly hypercellular with an increase in astro-
cytes. Mild to moderate loss of Purkinje cells. Bar0250 μm, H&E,
×20. f Cerebellar cortex, III-16; mildly hypercellular and thin with
marked loss of PCs and mild Bergmann gliosis. Bar0250 μm, H&E,
×20. g Cerebellar cortex, IV-19; severe loss of PCs and granule cells
and thinning of the molecular layer. Bar0250 μm, H&E, ×20. h Den-
tate nucleus, III-16; marked neuronal loss and gliosis, more prominent-
ly in the upper limb (arrow), and loss of myelinated fibers exiting the

nucleus (asterisk). Bar01 mm, silver stain, ×2. i Upper limb of the
dentate nucleus showing neuronal dropout, III-16. Bar050 μm, silver
stain, ×20. j Lower limb of the dentate nucleus showing relative
preservation of neurons, III-16. Bar050 μm, silver stain, ×20. k Basis
pontis, II-5; moderate neuronal loss and reactive gliosis. Bar0100 μm,
H&E, ×20. l Basis pontis, IV-19; largely unaffected. Bar0100 μm,
H&E, ×20. Inset: Basis pontis, IV-19. Bar01 mm, H&E, ×4.m Inferior
olive (IO) with mildly depleted olivocerebellar fibers (asterisk), II-5.
Bar01 mm, H&E, ×2. n IO, II-5; moderate neuronal loss. Bar0
100 μm, H&E, ×40. Inset IO with cytoplasmic lipofuscin, II-5; neuro-
nal intranuclear inclusion indicated by arrow. Bar050 μm, ubiquitin
stain, ×40. o IO, IV-19; near complete loss of olivocerebellar fibers
exiting the principal olivary nucleus (asterisk). Bar01 mm, H&E, ×2.
p IO, IV-19; loss of olivocerebellar fibers and neuronal depletion.
Bar0100 μm, H&E, ×40
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and/or abnormal ERG). Stage 2 patients are symptomatic
with mild disease and slow, variable progression. The dis-
ease evolves rapidly in Stage 3 (BARS change 1.31±0.31
(mean±SD) points per year). The rate of progression in
Stage 3 of the patients in this family with SCA 7 is of
similar magnitude to that described for other spinocerebellar
ataxias, notably SCA 1, 2, and 3 [17, 18].

Quantitative and longitudinal in vivo brain imaging was
not performed in this study. In the five patients who under-
went MRI, however, atrophy appeared to be more pro-
nounced in those with longer disease duration. In contrast
to the relatively mild atrophy on gross inspection of post-
mortem brain, the histopathology was widespread and se-
vere, notably in the two cases with earlier AO (cases IV-19
and III-16).

Our neuropathological findings are in general agreement
with previous reports [19, 20]. In addition, the retinal pa-
thology that we identified, including diffuse and extensive
photoreceptor degeneration and disruption of the retinal
pigment epithelium (case IV-19; Fig. 6l) [7] reflecting
cone–rod dystrophy, is a well-documented feature of SCA
7 [21, 22] underlying progressive visual loss.

Lesions in cerebellar cortex, white matter, and nuclei;
loss of afferent input from dorsal nerve roots and spinocer-
ebellar tracts; deprivation of olivary afferents; and the con-
sequent loss of olivocerebellar tracts together could account
for the cerebellar motor syndrome seen in all our patients

(Fig. 5). Moreover, the severe axon loss in the posterior
columns adds a proprioceptive component to the impaired
motor control.

DCN pathology was more advanced in younger AO
cases. The shrinkage and discoloration of the dentate hilum
and the superior cerebellar peduncle reflected the loss of
dentatothalamic axons secondary to the loss of DCN neu-
rons. In case III-16, the superior aspect of the dentate was
more affected than the ventral dentate (Fig. 5h–j). Tract
tracing studies in non-human primates suggest a dorsal-
motor versus ventral-cognitive dichotomy in the dentate nu-
cleus [23], a finding consistent with the motor-predominant
manifestations in this cohort.

Oculomotor abnormalities were noted in all symptomatic
patients (Table 3), consistent with previous reports [24–26].
The cerebellar pathology identified in all four autopsied
cases likely underlies the saccadic intrusions into pursuit,
hypometric and/or hypermetric saccades, and nystagmus.
Neuronal loss evident in CN III in III-16 and IV-19
conceivably accounts for slowing of eye movements and
ophthalmoplegia in the late stages of disease. Notably, in II-
5, CN III was spared, and his eye movements were largely
preserved. Neuronal loss in CN XII in II-5 and IV-19 would
contribute to impairment of articulation and swallowing.
Degeneration of the LGN was seen in III-16 (Fig. 6i), as
has been noted previously [19, 27], and is thought to be
secondary to retinal and optic tract degeneration [3]. The

Fig. 6 Light microscopy. a CN III (arrow), IV-19. Bar00.5 mm, ×10. b
CN VI (arrow), IV-19. Bar0250 μm, ×20. c CN XII (arrow), IV-19.
Bar00.5 mm, ×10. d CN XII (arrow), II-5. Bar00.5 mm, ×10. e Lum-
bosacral cord, IV-19; marked pallor of the dorsal columns (asterisk) and
spinocerebellar tracts (arrow). Note near-absence of neurons in the ante-
rior horn (arrowhead). Bar01 mm, KB stain, ×2. fAnterior horn, lumbar
cord, demonstrating absence of motor neurons, IV-19. Bar0100 μm, KB
stain, ×10. g Anterior horn, lumbar spinal cord, lateral aspect with
chromatolytic neurons, II-5. Bar0100 μm, ×20. h LGN, IV-19. Bar0
1 mm, ×2. i LGN, III-16. Bar01 mm, ×2. Inset: Normal LGN. Bar0

1 mm. j Subthalamic nucleus (asterisk), III-16. Bar00.5 mm, ×2. k
Higher-power view of subthalamic nucleus (III-16; Bar050 μm, ×40),
showing gliosis and neuronal depletion. l Light micrograph of the retina
from patient IV-19 at age 6. Unremarkable choroid, poorly defined
Bruch's membrane, and hypo- and hyperpigmented retinal pigment epi-
thelium cells. Debris is seen in the subretinal space, and the neural retina
is severely vacuolated. The outer nuclear layer (ONL) shows cell dropout.
Bar050 μm.m Normal retina, 5-year-old boy. Photoreceptors are intact.
Bar050 μm. (l and m reproduced from To et al. [7], with permission)

184 Cerebellum (2013) 12:176–193



T
ab

le
5

N
eu
ro
pa
th
ol
og

ic
al

fi
nd

in
gs

in
S
C
A

7

II
-3

II
-5

II
I-
16

IV
-1
9

V
L

N
L

G
W
M
A

O
th
er

V
L

N
L

G
W
M
A

O
th
er

V
L

N
L

G
W
M
A

O
th
er

V
L

N
L

G
W
M
A

O
th
er

C
er
eb
ra
l

he
m
is
ph

er
es

+
−

−
−

+
a

+
−

−
−

+
+
b

+
−

−
−

−
+

−
−

−
−

S
ul
ci

+
−

−
−

−
+

−
−

−
−

−
−

−
−

−
+

−
−

−
−

H
ip
po

ca
m
pu

s
−

−
−

−
+
a,
c

+
+
+

+
−

−
−

−
−

−
−

−
−

−
−

−
−

S
up

ra
te
nt
or
ia
l

w
hi
te

m
at
te
r

−
N
/A

−
−

−
+
+
+

N
/A

−
+
+
+

+
+
d

−
N
/A

+
+

+
d

+
N
/A

−
+

−

C
ra
ni
al

ne
rv
es

II
I
nu

cl
eu
s

−
−

−
N
/A

−
−

−
−

N
/A

−
−

+
+

+
+

N
/A

−
+

+
+

+
+

N
/A

−

V
I
nu

cl
eu
s

−
−

−
N
/A

−
T
N
S

T
N
S

T
N
S

N
/A

T
N
S

T
N
S

T
N
S

T
N
S

N
/A

T
N
S

+
+
+

+
+

N
/A

−

X
II
nu

cl
eu
s

−
−

−
N
/A

−
−

+
+

N
/A

+
e

−
+

+
N
/A

+
e

+
+
+

−
N
/A

−

O
pt
ic

tr
ac
t

−
−

+
−

+
d

−
−

+
+

+
d

−
−

+
−

+
f

T
N
S

T
N
S

T
N
S

T
N
S

T
N
S

T
ha
la
m
us

−
−

−
−

−
−

−
−

−
+
+
d

−
−

−
−

−
−

−
−

−
−

L
at
er
al

ge
ni
cu
la
te

nu
cl
eu
s

−
−

−
−

−
−

+
−

−
−

−
+
+

+
+

−
−

−
+

−
−

+
e,
g

C
au
da
te
,
pu

ta
m
en
,

gl
ob

us
pa
lli
du

s
−

−
−

−
−

−
−

−
−

+
b

−
−

−
−

+
d

−
−

−
−

−

S
ub

th
al
am

ic
nu

cl
eu
s

−
−

+
+

−
−

−
+

−
+

−
−

+
+
+

+
+

+
+
+
e

T
N
S

T
N
S

T
N
S

T
N
S

T
N
S

M
id
br
ai
n
(g
ro
ss
)

+
+

N
/A

N
/A

−
−

+
N
/A

N
/A

−
−

−
N
/A

N
/A

−
−

−
N
/A

N
/A

−
−

S
ub

st
an
tia

ni
gr
a

−
+

−
−

+
h

+
+

+
−

+
h
,i

−
+
+

+
−

+
h

−
+

−
−

−

R
ed

nu
cl
eu
s

T
N
S

T
N
S

T
N
S

T
N
S

T
N
S

−
−

−
−

−
−

+
+

+
+

−
−

−
+

−
−

−

P
on

s
(g
ro
ss
)

+
+
+

N
/A

N
/A

N
/A

−
+
+

N
/A

N
/A

−
+
b

+
+

N
/A

N
/A

−
−

−
−

−
−

P
on

tin
e
nu

cl
ei

−
+
+

+
N
/A

−
−

−
−

−
−

−
+

+
+

−
+
b
,d

−
−

−
−

−

M
ed
ul
la

(g
ro
ss
)

+
+

N
/A

N
/A

+
+

+
j

+
+

N
/A

N
/A

−
−

−
N
/A

N
/A

−
−

−
N
/A

N
/A

−
−

In
fe
ri
or

ol
iv
e

−
+
+

+
+

+
+

+
g

−
+

+
−

+
g
,i
,k

−
+
+

+
+

+
+
m

+
i

−
+
+
+

+
+
+

+
+
+
m

−

C
er
eb
el
lu
m

(g
ro
ss
)

+
+
+

N
/A

N
/A

+
+
+

−
+

N
/A

N
/A

−
−

+
+

N
/A

N
/A

−
−

+
N
/A

N
/A

−
−

C
or
te
x

−
+

−
−

−
+

+
+

+
m

−
+

+
+

+
−

−
+

+
+
+

+
+

+
+
+
m

−

G
ra
nu

le
ce
ll
la
ye
r

−
−

+
+

−
−

+
−

−
−

−
−

−
−

−
−

−
+
+
+

−
−

−

P
ur
ki
nj
e
ce
ll
la
ye
r

−
+
+

+
+

−
−

−
+

+
−

+
i

−
+
+

+
+

−
−

−
+
+
+

+
+

−
+
l

M
ol
ec
ul
ar

la
ye
r

−
−

+
−

−
−

−
+

−
−

+
−

+
−

−
+
+
+

−
−

−
−

D
en
ta
te

nu
cl
eu
s

−
−

+
−

−
+
+

+
+
+

+
+
m

−
−

+
+

+
+

+
+
m

−
−

+
+

+
+

+
+
m

+
k

C
er
eb
el
la
r
w
hi
te

m
at
te
r

+
+
+

N
/A

+
+
+
+

+
d

+
+

N
/A

−
+
+

+
d

−
N
/A

+
+

−
+
+
d

+
+

N
/A

+
+

+
+
+

−

S
pi
na
l
co
rd

(g
ro
ss
)

+
N
/A

N
/A

−
+
j

+
+

N
/A

N
/A

−
+
j

−
N
/A

N
/A

−
−

−
N
/A

N
/A

−
−

A
nt
er
io
r
ho

rn
s:

ce
rv
ic
al

−
+

−
N
/A

−
T
N
S

T
N
S

T
N
S

N
/A

T
N
S

−
+
+
+

+
+

N
/A

+
+
e

−
+
+
+

−
N
/A

−

Cerebellum (2013) 12:176–193 185



T
ab

le
5

(c
on

tin
ue
d)

II
-3

II
-5

II
I-
16

IV
-1
9

V
L

N
L

G
W
M
A

O
th
er

V
L

N
L

G
W
M
A

O
th
er

V
L

N
L

G
W
M
A

O
th
er

V
L

N
L

G
W
M
A

O
th
er

A
nt
er
io
r
ho

rn
s:

th
or
ac
ic

−
+

−
N
/A

−
+
+
+

+
+
+

+
N
/A

+
e,
k

−
+
+

+
+

N
/A

+
+
e

−
+
+
+

−
N
/A

−

A
nt
er
io
r
ho

rn
s:

lu
m
ba
r

−
+

−
N
/A

−
+
+
+

+
+

+
N
/A

+
e,
k

−
+

+
N
/A

+
+
e

−
+
+
+

−
N
/A

−

V
en
tr
al

ro
ot
s

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
+
+

−
−

−
−

D
or
sa
l
ro
ot
s

−
−

−
−

−
−

−
−

−
−

+
−

−
−

−
−

−
−

−
−

S
pi
no

ce
re
be
lla
r

tr
ac
ts

−
N
/A

−
−

−
−

N
/A

+
+

+
+

−
−

N
/A

+
+

+
+

+
+
d

−
N
/A

+
+
+

+
+
+

+
+
f

C
or
tic
os
pi
na
lt
ra
ct
s

−
N
/A

−
−

−
−

N
/A

−
−

−
−

N
/A

−
+
+

−
−

N
/A

−
+
+
+

+
+
f

P
os
te
ri
or

co
lu
m
ns

−
N
/A

−
−

−
−

N
/A

+
+

−
+
d

−
N
/A

−
+

+
+
d

−
N
/A

+
+
+

+
+
+

+
+
f

+
m
ild

,
+
+
m
od

er
at
e,
+
+
+
se
ve
re
,
−
un

re
m
ar
ka
bl
e

G
gl
io
si
s,
N
/A

no
t
ap
pl
ic
ab
le
,
N
L
ne
ur
on

al
lo
ss
,
V
L
vo

lu
m
e
lo
ss
,
T
N
S
tis
su
e
no

t
st
ud

ie
d,

W
M
A
w
hi
te

m
at
te
r
at
te
nu

at
io
n

a
D
if
fu
se

pl
aq
ue
s

b
V
as
cu
la
r
di
se
as
e

c
N
eu
ro
fi
br
ill
ar
y
ta
ng

le
s

d
P
al
lo
r
of

w
hi
te

m
at
te
r

e
V
ac
uo

liz
at
io
n

f
L
os
s
of

m
ye
lin

g
D
is
or
ga
ni
za
tio

n
h
E
xt
ra
ce
llu

la
r
ne
ur
om

el
an
in

pi
gm

en
t

i
U
bi
qu

iti
n-
po

si
tiv

e
ne
ur
on

al
in
tr
an
uc
le
ar

in
cl
us
io
ns

j
L
os
s
of

gr
ay
-w

hi
te

di
ff
er
en
tia
tio

n
k
C
yt
op

la
sm

ic
lip

of
us
ci
n

l
C
lu
m
pe
d
N
is
sl
su
bs
ta
nc
e

m
R
ef
er
s
to

w
hi
te

m
at
te
r
ex
iti
ng

th
e
st
ru
ct
ur
e

186 Cerebellum (2013) 12:176–193



truncated course in IV-19 may explain the lack of changes in
the LGN (Fig. 6h).

The basis pontis showed atrophy and neuronal loss in
three of our four cases. Unlike in the three other cases, the
pons of IV-19 was unaffected (Fig. 5l). Pontine atrophy in
SCA 7 [22] reflects principally the loss of neurons in the
basis pontis, and in our cohort was more pronounced in
patients with longer duration of illness. Pontine atrophy may
thus represent retrograde neuronal loss due to absence of
sustaining projections to the more severely affected cerebel-
lum, or conceivably, death of pontine neurons as a primary but
delayed target of the disease process. The brevity of illness
and preservation of the basis pontis in IV-19 (Fig. 5l) support
the notion that death of pontine neurons reflects a dying back
phenomenon.

Although none of our four cases had resting tremor,
damage to the substantia nigra may be linked to rigidity
and bradykinesia in II-3 and II-5.

All three patients with pathologic changes in the STN
experienced RLS, and two had facial choreiform move-
ments. The STN has been linked to RLS in Parkinson's
disease [28, 29]; the STN may be involved in RLS in SCA
7 as well, but further investigation is needed to confirm this.

The distribution of anterior horn cell involvement in our
cases suggests that anterior horn cells projecting to axial
musculature (located in the medial aspects of the cervical
and lumbar anterior horns and in the thoracic cord) are more
affected than anterior horn cells projecting to distal muscu-
lature (located in the lateral regions of the cervical and
lumbar anterior horns). Despite the anterior horn cell pa-
thology in all of the autopsied cases, our patients did not
demonstrate fasciculations in the extremities, and weakness
and muscle atrophy was noted only in IV-19. Expansion of
the polyQ tract in the SCA2 gene has been identified as a
risk factor for amyotrophic lateral sclerosis [30]; the finding
of anterior horn cell loss in these SCA 7 cases is therefore
intriguing and requires further study. The unusual combina-
tion in some individuals of muscular hypotonicity with
superimposed spastic catch likely reflects the complex
interaction of cerebellar-related hypotonia [31] with the
spasticity of corticospinal release [32].

The gliosis and attenuation in the posterior columns and
changes in the posterior roots were the likely cause of
sensory loss and may have contributed a proprioceptive
element to the dissolution of gait.

Hyperreflexia was a uniform early sign of disease, and
was used, along with ERGs, to segregate patients into Stages
0 and 1. There was mild attenuation of corticospinal tracts in
two cases, providing a plausible anatomical underpinning
of hyperreflexia.

We identified neuronal intranuclear inclusions in the cere-
bellum and subcortical sites in our patients, but not in the
cerebral cortex. A range of cognitive deficits was identified

during routine clinical care. Patients and families reported
difficulties with multitasking, and testing revealed impaired
phonemic fluency and free recall of recently acquired verbal
information. These cognitive issues are consistent with deficits
previously described in cerebellar patients [33].

Limitations of the Study

The conclusions of this study should be interpreted with
caution, given certain constraints. Comprehensive neurologi-
cal examinations and determination of BARS scores were
performed in a prospective manner over a number of years
by the same neurologist (JDS) for six members of this family
(III-6, III-8, III-13, IV-20, IV-36, and IV-37). In addition, in
five of these cases, the BARS score was determined retro-
spectively for visits prior to the development of the MICARS,
from which BARS was derived, in 2003, based on the narra-
tive report in the records of the examination findings of these
cases by this same neurologist. In six other subjects last seen
prior to 2003 (II-3, II-5, III-12, III-15, III-16, and IV-43), the
BARS scores were derived retrospectively based on detailed
notes in their records of their neurological findings (JDS). In
three cases (III-7, IV-19, and IV-22), the BARS score was
derived from examinations performed by other neurologists.
One subject (II-4) was not seen by a neurologist and was
asymptomatic at death, but the conclusion that he carried a
CAG-expanded SCA 7 allele is solid given the family history.
Eight subjects were followed with consecutive neurological
evaluations. During the course of prospective evaluations,
verifiable, objective data on the rate of progression in Stage
2 were available in only two subjects. This period of apparent
relative stability in the course was reported also by other
members of the kindred who had already passed into Stage
3, providing some subjective support for this observation. All
these subjects are from one pedigree, and therefore, features of
their disease course may not be representative of other, unre-
lated individuals with SCA 7. Additional longitudinal data are
necessary to confirm or refute the present conclusions, partic-
ularly with respect to the course and progression within Stage
2. Further study of unrelated SCA 7 patients is also needed to
ascertain whether this disease course is specific to this large
family or, conversely, is a common feature in SCA 7.

Conclusion

We provide the first indication that objective and quantifiable
ERG evidence of cone–rod dystrophy may prove a valuable
biomarker of SCA 7 that correlates with measures of ataxia.
Miller et al. [25], however, found no correlation between the
severities of visual loss and ataxia; further studies will be
necessary to characterize fully how ERG findings relate to
disease severity. Our data are insufficient to determine
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whether rate of decline in cone function in SCA 7 is expo-
nential, as has been shown in retinitis pigmentosa [34].
Whereas neuropathological findings account for the identified
clinical manifestations, the significance of anterior horn cell
devastation remains to be determined. We also identify what
appear to be four stages of SCA 7 from gene-positive Stage 0,
through physiologically abnormal but presymptomatic Stage
1, to slowly evolving Stage 2, and rapidly progressing Stage 3.
CAG repeat expansion influences AO, but progression within
Stage 3 is remarkably uniform across all cases despite dispa-
rate CAG repeat expansions. Further, prospective study of the
relationship between CAG expansion length, AO, and disease
stages in a larger cohort of SCA 7 patients may help shed light
on the natural history of this disorder and confirm or refute our
present findings. The SCA 7 transgenic mouse may also serve
as a useful model to study both the pathophysiology of this
disorder and its longitudinal course.
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Appendix

II-3; 45 CAG repeats

At age 57, II-3 noticed unsteady gait. This progressed slow-
ly until age 67, when she noted more rapid decline with
worsening gait, slurred speech, and occasional choking. At
age 69, she was diagnosed with macular degeneration.

At age 70, acuity was 20/50 OU. Eye movements were
slowed, and there were saccadic intrusions into pursuit and
with testing for vestibulo-ocular reflex cancellation (VORC).
Speech was mildly dysarthric. Finger-to-nose and heel-to-shin
testing revealed dysmetria. BARS was 12. Reflexes were brisk
throughout with clonus at the left ankle. Plantar responses were
extensor bilaterally. Pin appreciation was diminished distally.
Romberg test was positive.

At age 71, she reported central visual field loss, urinary
urge incontinence, and RLS, which responded to carbidopa-
levodopa. Crossed-supraclavicular and crossed-pectoral reflexes
were noted.

Over the following 9 years, her condition continued to
deteriorate. She reported “terrible shakes.” Leg spasms

responded to baclofen. She could walk only with assistance
from at least one person.

At age 80, central visual loss, ataxia, dysmetria, dysar-
thria, and ophthalmoparesis were severe. She could take a
few steps with substantial, two-person assistance. BARS
was 25.5. She had buccofacial and lingual dyskinesias.
She reported complex, non-threatening visual hallucinations
(Charles Bonnet syndrome) precipitated by use of amanta-
dine. Limited MRI images showed mild generalized volume
loss, more prominent in the cerebellum (Fig. 3).

She died at 81, and autopsy was performed.

II-5; 46 CAG repeats

Gait problems commenced at age 55. He fractured the left
hip at 64 and began using a wheelchair. Loss of visual acuity
was noted at 65; he was legally blind by 67. He reported that
his legs would “jump like crazy” during the day and night.

At age 67, visual acuity was 20/400 bilaterally, and the
optic discs were pale. Eye movements were slowed with
saccadic intrusions noted during pursuit and VORC testing.
Pupils reacted slowly. High frequency hearing was decreased
on the left. He was mildly dysarthric. Tone was increased
throughout with mild spastic catch in the lower extremities.
Finger-to-nose and heel-to-shin testing revealed dysmetria.
Gait was wide-based, stiff-legged, and unsteady. BARS was
13. Deep tendon reflexes (DTRs) were graded 3 throughout,
and 4 at the ankles. Plantar responses were extensor. Position
sense was impaired. He was disinhibited. Semantic fluency
was markedly decreased to five animals in 1 min. The Simi-
larities test revealed failure of complex reasoning.

He died age 73, and autopsy was performed.

III-6; 46 CAG repeats

III-6 was diagnosed with retinitis pigmentosa at the age of
37. At age 47, he had difficulty balancing on skates. His gait
became stiff-legged. While he had always been partially
colorblind, his vision started to decline at this time.

At age 49, vision was 20/50 bilaterally with increased
pigment around the maculae. Pursuit eye movements and
saccades were slowed. There was saccadic breakdown of the
vestibulo-ocular reflex cancellation (VORC). Blinking and
eye shifts were slowed. There was a moderate degree of
dysarthria. Tone was increased with a spastic catch bilater-
ally in the upper and lower extremities, with clonus in the
left upper extremity. Rapid foot tapping was severely abnor-
mal bilaterally. There was moderate end-point dysmetria on
the finger-to-nose test and decomposition of movement on
the heel-to-shin test. Gait was unsteady, and he was unable
to perform tandem gait. BARS was 9 out of 30. Deep tendon
reflexes (DTRs) were graded 3 in the upper and lower
extremities and 4 at the ankles; plantar responses were
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extensor bilaterally. Hoffmann's sign and crossed-pectoral
and crossed-adductor reflexes were present bilaterally. Jaw
jerk and palmar grasp were negative. Vibration sense was
decreased at the toes and ankles.

Electroretinography performed at age 51 showed retinal
malfunction. He had restricted ocular movements, failure in
color testing, and computerized acuity mapping of the macula
was abnormal.

At 53, he reported slowing down in his overall functioning.
He required two rails to ascend stairs. Handwriting had wors-
ened. BARS was 8.

At 58, he had nocturnal myoclonus and suffered a major
fall due to retropulsion. Optic discs were pale bilaterally.
Pursuit eye movements were markedly slowed. BARS was
12. DTRs remained exaggerated, now with spread from the
biceps and brachioradialis to the hands.

At the age of 60, he had occasional falls and choking, and
urinary urgency. He was unable to walk independently
without holding onto a wall, and started using a walker.
BARS was 14.

At 61, visual acuity was 20/70 bilaterally. BARS was 15.
Six months later, BARS was 17.5.

At 62, he was legally blind, and visual acuity was 20/200
bilaterally. BARS was 18.

III-7; 41 CAG repeats

III-7 developed gait impairment at age 42. At age 46,
she had untidy handwriting, impaired articulation, and
mild problems with short-term memory. Examination at
age 48 revealed end-gaze nystagmus, saccadic intrusions
into the vestibulo-ocular reflex cancellation (VORC)
test, and a subtle, lingual-predominant cerebellar dysar-
thria. Tone was decreased with a spastic catch in the
upper extremities. There was subtle dysrhythmia with
rapid tapping of the feet and subtle dysmetria with the
finger-to-nose test. Stress gait elicited posturing of both
hands. BARS was 3. She was hyperreflexic in all ex-
tremities, with positive Hoffmann's signs and crossed-
adductor and crossed-supraclavicular reflexes bilaterally.
Plantar responses were silent.

At age 51, pursuit eye movements were slowed with
overshoot on saccades. Gait was wide-based and mildly
unsteady. BARS was 8. There was sustained bilateral ankle
clonus.

At age 60, she reported a “nosedive” with faster deterio-
ration of handwriting, balance, and speech. A sleep study
revealed RLS. She had occasional urinary urgency. Rapid
alternating syllables were impaired. BARS was 6.5; this
improved from age 51 due to absence of side-to-side dys-
metria on the heel-to-shin test. Phonemic fluency was reduced
to five F-words in a minute.

III-8; 41 CAG repeats

At age 46, III-8 felt asymptomatic. Upon examination, there
was subtle saccadic intrusion into VORC. Upper extremities
had a spastic catch, with mildly increased tone in the right
upper extremity. On a finger-to-nose test, the left hand was
slightly slower and produced mirror movements in the right
hand. Heel-to-shin testing was decomposed into several
phases in-plane, with proximal overshoot bilaterally. BARS
was 3. DTRs were graded 2+ throughout with 3 beats of
clonus at the ankles. Crossed-supraclavicular and crossed-
adductor reflexes were subtly present on the left. Plantar
responses were bilaterally flexor.

At age 48, DTRs were graded 3 throughout, with 4 beats
of clonus in the ankles. Stress gait produced cortical thumb
on the left hand and internal posturing of the right hand.
BARS remained 3.

Clinical signs remained otherwise stable until age 52,
when his gait was slightly wide-based. Handwriting had
worsened. His wife reported memory decline. Speech was
irregular with alternating syllables. The heel-to-shin test was
subtly impaired on the left, and there was some breakdown
of pronation and supination with the left hand. BARS was
1.5. DTRs were graded 3 throughout, but 4 at the left ankle
with 6 beats of clonus.

At age 55, there was unsteadiness while descending stairs
and choking if he ate too quickly. Saccades were slowed.
There was mild overshoot in both upper extremities and
some irregularity with rapid pronating and supinating move-
ments of the left arm, which produced mirror movements on
the right. BARS score was 3.5. The left plantar response was
now extensor.

At age 56, he reported sleep disturbances due to leg move-
ments and tingling. He was choking about twice a week while
eating. Clinical signs were otherwise unchanged.

At 57, carbidopa-levodopa helped diminish his restless
legs syndrome. There was mild end-point dysmetria in the
right upper extremity on the finger-to-nose test. Tandem gait
was impaired. BARS score was 5.

At age 58, he discontinued use of carbidopa-levodopa and
reported that “soap in the bed” effectively treated his restless
legs syndrome. He was unable to descend steps without using
the handrail, and had to hold on to his wife. End-point dysme-
tria on the finger-to-nose test was now evident bilaterally.
Dysarthria was mild. He required an extra step on tandem
gait. BARSwas 7. Hoffman's and crossed-supraclavicular and
crossed-pectoral reflexes were present.

III-12; 41 CAG repeats

III-12 had no history of balance or gait impairment when
first seen at age 34. She reported occasional numbness and
heaviness in the left calf. Neurological examination was
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normal, with the exception of minimal right hand posturing
during stress gait and a slight decrease in pin appreciation
between the foot and the thigh. BARS was 0.

At age 36, rapid foot tapping was dysrhythmic. BARS
remained 0. DTRs were now diffusely exaggerated.

At age 46, BARS remained 0. Examination revealed only
hyperreflexia throughout including positive Hoffman, and
ipsilateral, crossed-supraclavicular, and pectoral reflexes,
but negative jaw jerk.

III-13; 47 CAG repeats

At age 40, family members of III-13 noticed abnormalities
in her gait and slurring in her speech, saying she seemed
“drunk.” She had double vision at age 45 that worsened with
fatigue. At age 48, she began using a cane, and noticed more
rapid deterioration in her gait. At age 49, she reported that
her handwriting was no longer legible. She noted a decline
in memory, reporting difficulty completing crossword puz-
zles. Her legs “would jump on their own,” especially when
placing the ball of the foot on the ground. She had dizziness
when standing from a sitting position.

At age 49, pursuit eye movements and saccades were
slowed without hypermetria. There was a lag in VORC and
decreased spontaneous eye movements with a mild stare.
Tone was increased in the upper extremities with a spastic
catch, left more than right. Tone in the lower extremities was
normal with a mild spastic catch. Rapid foot tapping was
slow and dysrhythmic. The finger-to-nose test was slow
with mild terminal dysmetria; rapid alternating movements
were slow and awkward bilaterally, and there was overshoot
on rapid finger following. BARS was 9. DTRs were graded
3 in the upper extremities and 4 in the legs with sustained
clonus at the knees and ankles bilaterally. Hoffmann's and
Wartenberg's signs were positive. Crossed-pectoral, crossed-
supraclavicular, and crossed-adductor reflexes were present;
plantar responses were extensor bilaterally. Jaw jerk was
absent. Forward digit span was 7 with 1 transposition, and
reverse digit span was impaired at 2. Semantic fluency was
impaired at 14 animals in a minute.

At age 54, she reported difficulty swallowing, with fre-
quent choking spells. There was optic atrophy bilaterally.
She had poor color vision and could not read large print on
book covers. There was exophoria of the left eye. Tone was
markedly increased in the lower extremities. Gait was es-
sentially impossible without support on both sides; the legs
were stiff, spastic, and dysmetric. BARS was 14. Vibration
sense was decreased in the feet, and pin appreciation was
decreased distally in the upper and lower extremities.

A feeding tube was placed at age 58. Vision began
declining more noticeably at age 59. At age 61, she reported
that her right leg had begun kicking out on its own while
sitting on the chair in the shower. Pupils reacted from 7 to

6 mm on the right and from 6 to 5 mm on the left eye.
Upgaze was limited to approximately 5°. Striking optic
atrophy was present bilaterally. Pursuit and saccadic eye
movements were severely slowed. Speech was moderately
to severely slow with mild to moderate cerebellar dysarthria.
A spastic catch was present in the upper and lower extrem-
ities. Strength was full in the upper extremities and slightly
decreased in the lower extremities, graded 4+ proximally
and distally. Finger-to-nose testing was markedly impaired.
There was side-to-side dysmetria on heel-to-shin testing.
She was confined to a wheelchair. BARS was 24.5. DTRs
were 3+ in the upper extremities, with sustained clonus at
the knees and ankles and clonus with finger flexion. Appre-
ciation of cold temperature was absent at the calves. On
mental state testing, she was unsure of the precise date and
could visualize the President but only approximate his name.
She learned four words on the first attempt and recalled three
in 5 min; she was unable to recall the fourth word with
multiple choice. Digit span was 5 forward and 2 in reverse.
Verbal fluency was markedly decreased with semantic fluency
of five animals and phonemic fluency of four F-words.

III-15; 41 CAG repeats

At age 46, III-15 was asymptomatic. Neurological examina-
tion including mental state testing was normal. BARS was 0.

III-16; 55 CAG repeats

III-16 first noticed a decline in visual acuity at age 16;
corrective lenses were helpful until age 21.

At age 22, neurological examination performed elsewhere
was reported to be normal apart from hyperreflexia throughout
with 3 beats of clonus at the ankles. The corresponding BARS
score was 0.

By age 28, he was able to read only large newsprint.
Optic discs were pale with granular macular degeneration.
Visual acuity was 20/100 bilaterally. Pupils responded slug-
gishly. Pursuit eye movements were slow with upgaze.
Gaze-evoked, direction-beating nystagmus was present with
upward and lateral gaze. Speech was dysarthric. Tone was
increased in the lower extremities. Finger-to-nose and heel-
to-shin testing was dysmetric. Gait was wide-based and
ataxic. BARS was 13.5. DTRs were exaggerated, with 3–4
beats of clonus at the ankles. Plantar responses were now
extensor. Romberg test was positive.

His condition worsened over the next 10 years. By 38,
he was unable to walk or push his wheelchair secondary
to vision loss. He was constantly dizzy, and vision was
blurred. A sleep study showed severely increased periodic
limb movements of sleep and frequent limb-associated
arousal. Dysarthria, hypertonia, dysmetria, and dysphagia
were severe.
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At 42, he was wheelchair-bound. He reported frequent
choking and RLS. He had no light perception, and pupils
were nonreactive. There was complete external ophthalmo-
plegia. There were tongue fasciculations and frequent facial
grimaces. Finger-to-nose and heel-to-shin testing could not
be performed. He developed contractures in the upper ex-
tremities, became unable to move his lower extremities,
which were held in extension, and dysarthria was profound.
BARS was 29.5, and he died age 43 of bronchopneumonia,
and autopsy was performed.

IV-19; CAG unknown, but suspected >100

IV-19 began walking at 12 months. At age 2.5, his parents
noticed tremor in the hands, which improved transiently
with propranolol and mysoline. His running became irregu-
lar at age 3.5. When examined at age 3 years 10 months,
speech was slurred and frenetic. He was “very jittery” and
unable to hop on one foot (David et al. [2]).

At 4 years 2 months, he fell frequently and was inconti-
nent. Head circumference was at the fifth percentile for age,
and weight was at the 25th percentile. He had bilateral
esotropia with poor vision, and prominent dysarthria and
ataxia. Tone and DTRs were decreased. Ophthalmologic
examination showed a small area of hypopigmentation in
the midperipheral fundus of the left eye.

He had an apnea episode at 4 years 11 months. At 5 years
old, he had retinitis pigmentosa and was legally blind.
Funduscopic examination showed narrowing of retinal arte-
rioles and granularity in the peripheral retina of both eyes.
He was weak throughout. A gastric tube was placed.

At age 6, there was complete loss of vision, extraocular
motion, and speech. He died at 6 years and 2 months, and
autopsy was performed.

IV-20; 44 CAG repeats

IV-20 was healthy until her early twenties, when she noticed
that she was clumsy and off-balance. She started using
glasses at age 23, when she noticed progressive decline in
vision. She was diagnosed with Graves' disease at age 25.
She gave up driving at age 32, due to visual loss. Handwrit-
ing and fine dexterity were affected, and balance was un-
steady. Restrictions of daily activities and deaths of family
members caused isolation, anxiety, and depression; she felt
“off her rocker.”

At age 33, pursuit eye movements and saccades were
slowed, and visual acuity was 20/200. She had mild dysar-
thria. There was mild dysmetria and decomposition of move-
ment on the finger-to-nose test. The heel-to-shin test showed
jerking in-plane, worse on the left lower extremity, and slow-
ing in phases on the right. Gait was mildly impaired and wide-
based with an occasional step to the side; she could not

perform tandem gait. BARS was 9. DTRs were graded 3
throughout with spread from the brachioradialis to the fingers.
Crossed-pectoral and crossed-adductor reflexes were present
but subtle. Plantar responses were silent bilaterally.

IV-22; 46 CAG repeats

IV-22 noticed unsteadiness while walking and climbing
stairs at age 25. At age 27, he was mildly dysarthric. Tone
was slightly increased in the lower extremities. Fine motor
movements were mildly dysmetric bilaterally. Gait was un-
stable with a wide base, and he could not perform tandem
gait. BARS was 3.5. Deep tendon reflexes were graded 3+
throughout with 2–3 beats of ankle clonus. The left plantar
response was flexor, while the right was possibly extensor.

At age 29, he reported progression of his balance prob-
lems and slurring of speech. He noted recently having
difficulty reading words on the television screen. Saccadic
eye movements were slowed. Speech was dysarthric. Tone
was mildly increased in the upper extremities and left lower
extremity. There was mild bradykinesia on repetitive move-
ments of the upper and lower extremities. His gait showed a
3-in. base with diminished arm swing. BARS was 6.5.
DTRs were 3+ throughout, mildly pendular at the knees
and with 3–4 beats of clonus at the ankles. Plantar responses
were flexor bilaterally.

At age 33, he reported feeling worse overall. He was
experiencing choking when swallowing liquids and solids.
Neurological examination revealed saccadic smooth pursuit
and very slow saccades. Bulk and tone were normal in the
upper extremities, and the lower extremities were very spas-
tic. There was mild ataxia on finger-to-nose testing bilater-
ally. Rapid alternating movements and finger tapping were
slowed bilaterally. There was no significant ataxia noted on
heel-to-shin testing. BARS was 10. DTRs were very brisk
throughout, with 4 beats of clonus in the right ankle and 7
beats in the left ankle.

IV-36; 51 CAG repeats

IV-36 was diagnosed with degenerative retinal disease at
age 18, and began to experience balance difficulties at age
25. She suffered from migraines since the age of 12. When
examined at 28, she reported seeing flashes at the bottom of
the visual field. The optic discs were pale, and pursuit eye
movements were slow. She had gaze-evoked direction-
beating nystagmus on upgaze, and decreased spontaneous
eye movements. There were small involuntary movements
of the tongue. Dysarthria was spastic and ataxic. Tone was
increased in all extremities, left more than right. Finger-to-
nose movements were slowed mildly on the right upper
extremity and moderately on the left. With the heel-to-shin
test, there was proximal overshoot and minimal side-to-side
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dysmetria. Gait was spastic, slow, and unsteady; she was
unable to perform tandem gait. BARS was 12.5. DTRs
were exaggerated with clonus throughout. Hoffmann's and
Wartenberg's signs, jaw jerk, and crossed-supraclavicular
and crossed-adductor reflexes were all present. Vibration
sense was decreased at the toes. Pin appreciation was de-
creased below mid-calf. Semantic fluency was reduced to 14
animals in a minute; serial 7 subtraction was impaired, and
complex similarities were concrete.

At age 37, she reported crying for no obvious reason,
having difficulty mixing up words, particularly pronouns,
being confused about the month, forgetting her sentences
midstream, and repeating herself in conversation. She had
urinary incontinence, daily headaches, and aching pain as-
sociated with nausea, which was worsened by bright lights.
Vision had deteriorated: she had only a vague sense of
outlines and shapes. She reported weakness in the upper
extremities, left more than right, and numbness in the feet.
She was legally blind, but still maintained some light per-
ception. She was confined to a wheelchair, and gait was
impossible even with assistance. BARS was 21. DTRs were
exaggerated throughout, with clonus at the ankles and
knees. Hoffmann's sign was positive with clonus bilaterally.
Jaw jerk was negative. Vibration sense was diminished at
the toes; position sense was absent at the toes and ankles.
Pin appreciation was absent from the mid-thighs distally and
from the elbows distally.

At the age of 39, she was completely blind.
At age 40, she scalded her perineum and feet from hot

water in the bath that she was unable to turn off, and
required nursing home care. Food intake required the use
of nectar, and she reported coughing on saliva approximate-
ly once a week. Eye movements showed less than 10° of
movement in the horizontal direction, with no upward gaze,
and 5° of downward gaze. Pursuit eye movements and
saccades were severely slowed. Pupils were nonreactive to
light bilaterally, and there was no light perception. Fundu-
scopic examination revealed prominent pallor of the optic
discs and pigmentary change of the retinas bilaterally. There
were intermittent facial dyskinesias with grimacing around
the face and occasionally the eyes. Legs were held in exten-
sion, and passive flexion was not possible. There was a
prominent spastic catch in the upper extremities. Bulk was
mildly decreased throughout. Strength was mildly decreased
throughout. Adapted finger-to-nose testing revealed slowed
movements with breakdown at the elbow. Attempts at rapid
alternating movements were severely slowed. Heel-to-shin
testing showed in-plane jerking. BARS was 22.5. There was
dramatic hyperreflexia, graded 3+ in the upper extremities
and right knee, 4 at the left knee with patellar clonus, and 4
at both ankles with sustained clonus. Plantar responses were
extensor bilaterally. On mental state testing, she was unable
to subtract serial 7s. She was markedly depressed.

IV-37; 49 CAG repeats

At age 26, IV-37 was asymptomatic. There were saccadic
intrusions into VORC and 2 beats of gaze-evoked direction
beating nystagmus in the horizontal plane. There was a spastic
catch in the upper extremities bilaterally. Finger-to-nose test-
ing showed subtle end point dysmetria and overshoot with
rapid finger following. Rapid alternating movements were
slowed and awkward bilaterally. There was mild proximal
overshoot and subtle in-plane jerking on the heel-to-shin test.
BARS was 5. DTRs were exaggerated with 4 beats of clonus
at the ankles bilaterally. Hoffmann's sign and crossed-
adductor and crossed-supraclavicular reflexes were present.

He stopped running at age 35 and noticed problems with
balance at age 36. He became aware of his own hyperre-
flexia. At age 38, the optic discs exhibited bilateral temporal
pallor with no abnormal retinal pigmentation. Saccades
were slightly slowed. There was mild dysrhythmia on alter-
nating syllables. There were spastic catches in the upper and
lower extremities bilaterally, right more than left. Finger-to-
nose testing revealed mild tremor at the endpoint. Mild
bilateral in-plane jerking was observed on heel-to-shin test-
ing. His gait had a widened stance and occasional veering.
He could not perform tandem gait. There was truncal titu-
bation when standing with feet together. BARS was 9.
DTRs were graded 3+ in the arms and 4 in the legs with
sustained clonus at the ankles bilaterally and patellar clonus at
the knees. Plantar responses were flexor. There was clonus at
finger flexion, and bilateral Hoffmann and crossed-adductor,
crossed-supraclavicular, and pectoral reflexes were present.
The jaw jerk was negative.

IV-43; 63 CAG repeats

IV-43 was born prematurely. At 1 year of age, weight was
below the third percentile. At 12, he would fall easily. CT
and MRI were performed, and he was diagnosed with oli-
vopontocerebellar atrophy. By age 14, he required a cane to
walk. At age 15, speech was difficult to comprehend, and he
began using a wheelchair. Vision began declining at 16.

At age 17, he was able to perceive light but could barely
count fingers. Optic discs were pale bilaterally; maculae
showed patchy depigmentation with scattered spicules.
Eye movements were severely slowed. Pupils reacted min-
imally to light. Speech was dysarthric. Tone was markedly
increased throughout, and there was clonus in all extremities
with attempted straightening. Finger-to-nose and heel-to-
shin testing was dysmetric. He was able to walk with sup-
port; gait was spastic, ataxic, high-stepping, and wide-
based. BARS was 22.5. DTRs were brisk; plantar responses
were extensor. Position sense was decreased in the toes.
Semantic fluency was reduced to 11 animals in a minute.
He was unable to provide complex similarities.
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At age 19, he was cachectic. Spontaneous facial grimac-
ing and fasciculations of the cheek were notable. Speech
was profoundly dysarthric. Finger-to-nose and heel-to-shin
testing could not be performed. BARS was 28.

At age 20, he had total external ophthalmoplegia. There
was prominent bruxism. At age 21, he was completely blind,
and pupils were nonreactive. BARSwas 29.5. Vibration sense
was impaired in the legs.

He died at 21.
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