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Fatigue in spinocerebellar ataxia

Patient self-assessment of an early and disabling symptom

ABSTRACT

Objective: To identify the prevalence and severity of fatigue and predicting factors for severe
fatigue in autosomal dominant spinocerebellar ataxia (SCA).

Methods: We studied a cross-section of 123 patients with SCA. Six functional scales were used
in a self-assessment: the Fatigue Severity Scale (FSS); the Beck Depression Inventory (BDI); the
Rotterdam Handicap Scale (RHS); the Short Form-36 health survey, distinguishing a norm-based
physical and mental component score (Nb-PCS and Nb-MCS); the Pittsburgh Sleep Quality Index
(PSQI); and the Epworth Sleepiness Scale (ESS). A subset of 58 patients was clinically evaluated,
measuring severity of ataxia with the Scale for the Assessment and Rating of Ataxia and cognitive
functioning with the Mini-Mental State Examination.

Results: Severe fatigue (FSS =5) was present in 69% of patients and FSS value correlated with
the scores on RHS, Nb-PCS, Nb-MCS, BDI, PSQI, and ESS. There was no relation with disease
duration, gender, or medication use. Multivariate analysis revealed that Nb-PCS and BDI were the
best independent predictors for severe fatigue. Interestingly, the presence of visual symptoms
was related to FSS value in the clinically evaluated subgroup.

Conclusion: Fatigue is a severe and disabling symptom in adult patients with SCA, even early in
the course of disease. Physical functioning and depression are the strongest predictors of fa-
tigue. In treatment strategies, all treatable factors for fatigue should be addressed, especially
depression, visual symptoms, and sleeping disorders. Neurology® 2011;76:953-959

GLOSSARY

ADCA = autosomal dominant cerebellar ataxia; BDI = Beck Depression Inventory; ESS = Epworth Sleepiness Scale; FSS =
Fatigue Severity Scale; MMSE = Mini-Mental State Examination; MS = multiple sclerosis; Nb-MCS = norm-based mental
component score; Nb-PCS = norm-based physical component score; PD = Parkinson disease; PSQI = Pittsburgh Sleep
Quality Index; RHS = Rotterdam Handicap Scale; SARA = Scale for the Assessment and Rating of Ataxia; SCA = spinocere-
bellar ataxia; SF-36 = Short Form-36.

Cerebellar ataxias represent a heterogeneous group of neurodegenerative disorders, distinguish-
ing hereditary and sporadic ataxias. The majority of adult-onset hereditary ataxias are consti-
tuted by autosomal dominant cerebellar ataxias (ADCAs), also referred to as spinocerebellar
ataxias (SCAs), with SCA1, SCA2, SCA3, and SCAG as the most common genotypes.' In
30% of Dutch patients with ADCA, no SCA genotype can be identified.?

Cerebellar ataxia is the predominant symptom in all patients with SCA.>¢ In our experience,
adults with cerebellar ataxia often complain of fatigue, limiting quality of life apart from
physical impairment. To our knowledge, fatigue has been studied in 2 small series of patients
with Friedreich ataxia and SCA3,”# but without data about predictors of fatigue. Severity of
ataxia and noncerebellar symptoms and depression have been shown to predict the health
status in patients with SCA 1, 2, 3, and 6 in a European multicenter study, but fatigue was not
investigated.’

In neurologic disorders like multiple sclerosis (MS), Parkinson disease (PD), head trauma,
stroke, or neuromuscular disorders, fatigue is increasingly recognized as an important cause of
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Table 1

Baseline characteristics of the total study population, compared to

the subgroup that underwent adjacent clinical evaluation

Gender, n (%)
Male

Female

Mean age at examination, y (SD)

Median disease duration, y (IQR)

Diagnosis, n (%)
SCA3
ADCA
SCA6
SCA14
SCA1
SCA2
SCA7
SCA13
SCA17

Self-assessment group Clinical evaluation

(n=123) subgroup (n = 58)
50(40.7) 23(39.7)
73(59.3) 35(60.3)

57.9(12.7) 56.5(12.9)
13(7-19) 12.5(6-19)
44(35.8) 21(36.2)
31(25.2) 18(31)
26 (21.1) 9(15.5)

7(5.7) 4(6.9)
5(4.1) 2(3.4)
4(33) 1(1.7)
3(2.4) 1(1.7)
2(1.6) 1(1.7)
1(0.8) 1(1.7)

Abbreviations: ADCA = autosomal dominant cerebellar ataxia; IQR = interquartile range;

SCA = spinocerebellar ataxia.

disability.'*1¢ Predicting factors of fatigue are
depression (MS, PD, stroke), physical impair-
ment (MS, neuromuscular disorders), but not
disease duration.!:1415:17.18

We aimed to investigate the prevalence of
fatigue and its predicting factors in Dutch pa-
tients with SCA. Severity of fatigue was quan-
tified with the Fatigue Severity Scale (ESS).
We collected data on disease-specific factors
(disease duration, severity of ataxia, physical
impairment, SCA subtype) and factors known

Table 2

Medians and score distribution of Fatigue Severity Scale item scores

of 123 patients with spinocerebellar ataxia

FSS item

2. Exercise brings on my fatigue
1. My motivation is lower when | am fatigued

6. My fatigue prevents sustained physical

functioning

4. Fatigue interferes with my physical function

7. Fatigue interferes with carrying out certain duties

and responsibilities

3. | am easily fatigued

9. Fatigue interferes with my work, family, or social

life

8. Fatigue is among my 3 most disabling symptoms

5. Fatigue causes frequent problems for me

Score distribution,

%
Median(IQR) 1-3 4 5-7

6(5-7) 65 73 862
6(5-7) 138 33 829
6(5-7) 146 33 821
6(5-7) 13 57 813
6(5-7) 146 81 772
6(5-7) 106 13 764
6(4-7) 22 73 707
6(3-7) 26 41 699
5(3-6) 27.6 146 57.7

Abbreviation: IQR = interquartile range.
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to be related to fatigue (medication use, sleep
disturbances, depression, quality of life).

METHODS Patient assessments. Patients aged 18 years
and older were recruited between March and October 2009
from our outpatient clinic (n = 16) and from the Dutch ADCA
patient foundation, by a written invitation. We included pa-
tients with ADCA displaying one of the known SCA mutations
and patients with positive family history but without identifiable
SCA genotype, since these SCA-negative patients with ADCA
represent a significant proportion of SCAs. The clinical diagno-
sis was established by one of the neurologists (E.B., J.v.S.) or it
was verified by reviewing medical records. Patients were asked to
complete a questionnaire including demographic data, diagnosis,
onset age, comorbidity and use of medication, the Dutch version
of the Fatigue Severity Scale (FSS), the Rotterdam Handicap
Scale (RHS), the Medical Outcomes Study 36-item Short Form
health survey (SF-36), the Beck Depression Inventory (BDI), the
Pittsburgh Sleep Quality Index (PSQI), and the Epworth Sleep-
iness Scale (ESS).

We were especially interested in medication use and comor-
bidity known to be related to fatigue: drugs like B-adrenergic
blockers, antidepressants, or sedatives, and disorders like thyroid
disease, anemia, cardiac failure, and malignancies. We did not
perform new blood tests on thyroid status, hemoglobin level, or
other metabolic disturbances.

The FSS is a 9-item questionnaire with a score ranging from
1 (“strongly disagree”) to 7 (“strongly agree”) for each item. The
mean FSS value of the 9 inquiries ranges from 1 (“no signs of
fatigue”) to 7 (“most disabling fatigue”). A mean FSS value of 5
or higher indicates severe fatigue, the FSS value of 5 being the
95th percentile in healthy controls.'#**2° The RHS comprises 9
items, resulting in a total score between 9 (“unable to fulfill any
applicable task or activity”) to 36 (“able to fulfill all applicable
tasks or activities”).>"?> Both FSS and RHS have been validated
in patients with peripheral and central nervous disorders, and
have shown good internal consistency, test-retest reliability, and
discriminative validity.'#1>%

The SF-36 is a well evaluated, widely used health status sur-
vey, comprising 8 domains: physical functioning, role limita-
tions due to physical health problems, bodily pain, general
health perceptions, vitality, social functioning, role limitations
due to emotional problems, and general mental health. We used
the standard version. All domain scores were transformed to
norm-based scores, related to the 8 domain means and standard
deviations derived from a Dutch community?; summation re-
sulted in a norm-based Physical Component Summary (Nb-
PCS) measure (domains 1-4) and a norm-based Mental
Component Summary (Nb-MCS) measure (domains 5-8).
Higher summary scores indicate higher levels of functioning or
well-being.24

We included the long form of the BDI with a total score
ranging from 0 to 63, defining scores from 0-9 as normal,
10-15 as minimal depression, 16—19 as mild to moderate de-
pression, 20—29 as moderate to severe depression, and 30— 63 as
severe depression.”?¢ In PD, BDI has proven to be a reliable
measure of depression despite the inclusion of somatic items, not
just reflecting disease severity.??° To study fatigue in relation to
the presence of sleep disturbances, we included the PSQI and the
ESS. The PSQI assesses sleep quality and disturbances over a
1-month time interval, using 7 components, resulting in a global
score from 0 to 21. A global score >5 indicates poor sleep qual-
ity.”” The ESS measures sleep propensity in 8 different daily sit-
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uations, resulting in a total score ranging from 0 (no excessive
daytime sleepiness) to 24 (severe excessive daytime sleepiness).?

All patients were requested in the informed consent letter to
participate in a consecutive clinical evaluation at our clinic.
Sixty-two patients were willing to participate and were examined
by the same neurologist (E.B.). History in these patients specifi-
cally addressed factors causing or relieving fatigue, presence of
gait and limb ataxia, visual complaints, dysarthria, dysphagia,
and level of impairment. The severity of ataxia was assessed with
the 8-item Scale for the Assessment and Rating of Ataxia
(SARA), with a sumscore ranging from 0 (absence of ataxia) to
40 (most severe ataxia).® Global cognitive functioning was ex-
pressed in the Mini-Mental State Examination (MMSE), with a

maximum score of 30.%

Standard protocol approvals, registrations, and patient
consents. The study was approved by the ethics committee of
the Erasmus MC University Medical Center and informed con-

sent was obtained from all participants.

Statistical analysis. We estimated the need of including 97
patients to reach a power of 0.80 in analyzing whether duration
of the disease, depression, and disease severity have the potential
to predict the level of fatigue by multiple regression analysis,
assuming an o level of 0.05 (2-tailed) and further assuming that
the explained variance of these 3 predictive values with respect to
fatigue is expected to be 10% above and beyond the estimated
10% of the gender and age as confounding factors.

Outcome for specific ataxia diagnosis was recoded in 4 cate-
gories (ADCA, SCA3, SCAG, and other SCA mutation) reflect-
ing the most frequent SCA subtypes in our population. ADCA
addresses the category of patients with SCA without a mutation
in the known SCA genes. Other SCA mutation refers to patients
with alternative SCA genotypes apart from SCA3 or SCAG. As-
sociations between variables and FSS values were tested using
Spearman correlation test for continuous variables and the
Mann-Whitney U test or Kruskal-Wallis test, as appropriate, for
categorical variables.

Since fatigue had a skewed distribution which could not be
transformed, we dichotomized fatigue for the predictive model,
with FSS <5 reflecting mild to moderate fatigue and FSS =5
reflecting severe fatigue. To identify variables from the self-
assessment that were associated with FSS, x? tests or Fisher exact
tests for categorical variables and Mann-Whitney U test for con-
tinuous variables were performed. Variables with a significance
of p = 0.15 were considered as candidate variables for multivar-
iate logistic regression analysis and were all entered, except for
Nb-MCS. The reason to leave out this variable lies in the fact
that the items of the vitality domain of the Nb-MCS are similar
to the ESS items, which will obviously lead to a prediction of
ESS score. Subsequently, variables with the highest p value were
eliminated step by step, until the fit of the model decreased sig-
nificantly (based on the likelihood ratio test).

Evaluation was performed with SPSS 15.0 for Windows
(SPSS Inc., 2007).

RESULTS Clinical characteristics. We distributed
365 self-assessment questionnaires, to which 157 pa-
tients responded (response rate 41%). We had to ex-
clude 34 individuals (21% of responders): 28 patients
had an alternative or uncertain diagnosis, in 4 individu-
als data were incomplete, 1 patient was deceased, and 1

was unable to fill in the assessment. Eventually, we en-

rolled 123 patients (78% of responders) and 58 patients
participated in the subsequent clinical evaluation (47%
of enrolled patients). Baseline characteristics of the over-
all study population and the clinically evaluated sub-
group are similar (table 1). The proportion of women
(59.3%) is higher than men (40.7%): p = 0.035. The
mean age at examination is 57.9 years and the median
disease duration 13 years. ADCA (SCA without identi-
fied gene mutation), SCA3, and SCAG were the most
frequent diagnoses.

Fatigue. The median FSS value in our patients was

5.8 (interquartile range 4.6-06.6), with 69% of the

'e 3
Table 3 Correlations (Spearman rank

correlation coefficient and
corresponding p value) between the
FSS and basic characteristics,
physical and mental functioning,
and sleep in patients with
spinocerebellar ataxia, followed by
p values between FSS and
categorical variables of gender,
medication use, and specific
diagnosis

Self-assessment group
(n = 123) (p value)

0.077(0.397)
0.081 (0.378)

Age, y
Disease duration, y

Physical functioning

RHS

Nb-PCS
Physical functioning
Role-physical
Bodily pain
General health
Mental functioning

BDI

Nb-MCS
Vitality
Social functioning
Role-emotional

Mental health

—-0.398(<0.001)
—-0.437 (<0.001)
—-0.370(<0.001)
—0.496 (<0.001)
-0.282(0.002)*

—-0.388(<0.001)

0.559(<0.001)2
—0.455(<0.001)
—0.705 (<0.001)
—0.485(<0.001)
-0.218(0.017)
—0.450(<0.001)

Sleep
ESS 0.257 (0.004)°
PSQl 0.229(0.011)2
Gender (0.107)
Specific diagnosis (0.379)
Medication use (0.058)
Comorbidity (0.361)

Abbreviations: BDI = Beck Depression Inventory; ESS =
Epworth Sleepiness Scale; FSS = Fatigue Severity Scale;
Nb-MCS = norm-based mental component score; Nb-PCS =
norm-based physical component score; PSQ| = Pittsburgh
Sleep Quality Index; RHS = Rotterdam Handicap Scale.

2 Significant.
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patients having a median FSS score of 5 or higher,
indicating severe fatigue. The median FSS item
scores and their score distributions are presented in
table 2. The largest proportion of scores =5 is seen in
ESS item 2: “Exercise brings on my fatigue,” one of
the items relating fatigue to physical functioning.
Nearly 70% of the patients classified fatigue among
their 3 most disabling symptoms (scoring 5 or higher
on FSS item 8, agreeing with this quote).

There was no significant relation between gender,
age, disease duration, or SCA subtype and FSS value
(table 3; figure, A). Medication use and comorbidity
were not significantly related to FSS value (table 3).
RHS and Nb-PCS, reflecting physical function, were

Figure

FSS value

FSS value

7.00+

6.00+

5.00+

4.00

3.004

2.004

1.00+

7.007

6.00+

5.00+

4.004

3.00+

2.00+

1.004

Box plot of median Fatigue Severity Scale (FSS) values (95%
confidence interval) in (A) 4 diagnostic subgroups of cerebellar
ataxia and (B) the clinically evaluated patients with cerebellar
ataxia, with or without visual symptoms

1

8 32
27 856
72.
33
o6
ADCA SCA3 SCA6 Other SCA
mutation
®79
e 77
e 78

Visual s'.ymptoms

No visual symptoms

ADCA = autosomal dominant cerebellar ataxia; SCA = spinocerebellar ataxia.
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significantly correlated with FSS value (table 3).
However, SARA, indicating severity of ataxia, did
not correlate with FSS in the clinically evaluated sub-
group (p = 0.94). In this subgroup, patients with
visual symptoms (symptomatic nystagmus or diplo-
pia) were more fatigued than patients without visual
complaints (p = 0.017; figure, B). BDI, reflecting
depression, and both PSQI and ESS were signifi-
cantly related to FSS value (table 3), but not cogni-
tive functioning on MSSE (p = 0.94).

Predictors of fatigue. When our population was di-
vided into patients with mild to moderate fatigue (FSS
<5, n = 38) and severe fadgue (FSS =5, n = 85),
again, physical functioning, mental functioning, and
sleep were significantly related to fatigue (table 4).
These variables were then entered in the multivariate
logistic regression model, except for Nb-MCS, reveal-
ing that the Nb-PCS and BDI were the best indepen-
dent predictors for severe fatigue (FSS =5). Each point
increase (improvement) on the Nb-PCS score was asso-
ciated with a 5% decrease (OR 0.95; 95% CI 0.91—
0.99, p = 0.030) in risk of severe fatigue, whereas each
point increase (deterioration) on the BDI score resulted
in a 16% (OR 1.16; 95% CI 1.06-1.27, p = 0.001)

increase in risk of severe fatigue.

DISCUSSION This study demonstrates that fatigue
is a prominent and disabling symptom in adult pa-
tients with SCA, with 69% of our population dis-
playing a FSS value of 5 and higher, indicating severe
fatigue, and nearly 70% classifying fatigue among
their 3 most disabling symptoms. The median FSS
value of 5.8 in our population is evidently higher
than the median FSS value of 2.9 in a previously
described, healthy control group of 133 patients with
similar age distribution (mean 54.2 years, SD 14.8)
and percentage of women (47.8%).%

We are aware that the response rate of 41% may
indicate a sampling bias, however, regarding the dis-
tribution of age, disease duration, and SCA subtypes,
our study matches the population of a previous study
on self-rated health status, representing 304 mem-
bers of the Dutch ADCA patient federation.

Physical functioning and depression appear to be
the strongest predictive factors for the presence of
severe fatigue. Strikingly, we did not find a signifi-
cant correlation between FSS value and severity of
ataxia (SARA), although the latter was significantly
related to physical functioning scored by RHS and
Nb-PCS (data not shown). This implies that physical
functioning, related to fatigue, is not only deter-
mined by cerebellar ataxia. Indeed, subgroup analysis
of clinically evaluated patients showed significantly

more severe fatigue in patients with symptomatic
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Table 4

Patient characteristics stratified by severe fatigue and mild to

moderate fatigue®

Male sex, n (%)

Mean age, y (SD)

Median disease duration, y (IQR)

Specific diagnosis, n (%)
ADCA
SCA3
SCA6
Other SCA mutation
Medication use, n
None
Antidepressants/sedatives
Cardiovascular

Other

Severe fatigue: Mild to moderate

Physical functioning, mean (SD)

RHS
Nb-PCS
Mental functioning
BDI, median (IQR)
Nb-MCS, mean (SD)
Sleep
ESS, mean (SD)
PSQIl, median (IQR)

FSS =5 fatigue: FSS <5
(n=85) (n=38) p Value
32(38) 18(47) 0.327
58(12) 57 (14) 0.576
13(8-19) 12(6-19) 0.376
0.358
24(28) 7(18)
31(36) 13(34)
18(21) 8(21)
12(14) 10 (26)
0.254
16 11
16 4
22 6
30 17
23.1(7.2) 27.2(7.5) 0.0042
32.61(9.48) 39.72(11.73) 0.0022
10(7-16) 5(3-8) <0.0012
48.85(11.33) 56.11(8.71) <0.001
8.7(5.1) 6.3(3.9) 0.0132
6(3-8.5) 4(2-8) 0.0382

Abbreviations: ADCA = autosomal dominant cerebellar ataxia; BDI = Beck Depression In-
ventory; ESS = Epworth Sleepiness Scale; FSS = Fatigue Severity Scale; Nb-MCS = norm-
based mental component score; Nb-PCS = norm-based physical component score; PSQI =
Pittsburgh Sleep Quality Index; RHS = Rotterdam Handicap Scale; SCA = spinocerebellar

ataxia.

2 Variable entered in the multivariate logistic regression model based onp < 0.15.

nystagmus or diplopia, visual symptoms not ad-
dressed by the SARA.

We did not find a relation between fatigue and
gender, age, or disease duration, which means fatigue
was also present in young patients and was an early
symptom in some of the patients with SCA. This
early onset of fatigue may be related to visual symp-
toms as an early disease symptom. Furthermore, de-
pression, predicting fatigue, is not related to duration
or severity of disease. Notably, disease duration was
not related to self-rated health status in a recent Eu-
ropean multicenter study in 526 patients with SCA
1, 2, 3, and 6, also displaying depression to be a
stronger predictor of compromised health status than
the severity of ataxia and noncerebellar symptoms.”

Depression (BDI =16), although a predictor of
fatigue in our study, is present in a minority (22%)
of our fatigued patients. Depression may cause fa-
tigue, whereas depression may also result from an
impaired quality of life. A compromised quality of

life was established in the European SCA popula-
tion’; the health report on 304 Dutch cerebellar
ataxia patients also described significantly lower
scores on the physical and social functional status,
mental health, and vitality items of the SF-36.3°

Furthermore, we found significant correlation of
fatigue with sleep disturbances, with 47% of our
population having a PSQI >5, indicating a poor
sleep quality. Correlation with ESS implicates that
fatigue results in excessive daytime sleepiness.

The high prevalence of severe fatigue is in line
with the observations in 2 previous studies on fatigue
in a small group of 28 patients with SCA3 and in a
group of 130 patients with Friedreich ataxia: in Frie-
dreich ataxia, both severity of disease and disease du-
ration were related to fatigue. However, these studies
did not investigate predicting factors of fatigue.”

The present results show strong similarities with
studies on fatigue in other neurologic disorders like MS,
demonstrating severe fatigue in 64%-83% of pa-
tients,'*'*"” and like PD, with fatigue being an early
symptom and a major complaint in about half of the

1631 and also various neuromuscular disor-

patients
ders.2>32 Furthermore, similar predictive factors are de-
scribed in these disorders: depression in MS, PD, and
stroke, and physical impairment or physical (in)activity
in MS and neuromuscular disorders.!>17:18-20:31,33,34

Fatigue is defined by the difficulty in initiating or
sustaining voluntary mental and physical activities.
Peripheral fatigue is similar to muscle fatigability, re-
sulting from disorders of the peripheral nerve system,
whereas central fatigue is caused by lesions in the
CNS, disturbing cognitive processing and limiting
the ability to sustain concentration and mental tasks
(mental fatigue). Psychiatric disorders like depression
also cause central fatigue by loss of motivation.!*!4

Since the cerebellum plays a fundamental role in
action control and motor learning and since the non-
motor functions of the cerebellum, related to
executive control, attention, memory, learning, visu-
ospatial abilities, and language, are increasingly rec-
ognized,? it may also play an important role in the
model of central fatigue. Interestingly, several pa-
tients ascribed fatigue to mental slowness, especially
in multitasking. This may well be due to mental fa-
tigue. Further research is needed to analyze the role
of the cerebellum in central fatigue. Specific neuro-
physiologic methods can be used to assess peripheral
fatigue in combination with central fatigue.'* Men-
tal fatigue can be evaluated by neuropsychological
assessment. It would be of high interest to investigate
both strategies in patients with cerebellar ataxia.

As nycturia, nocturnal muscle cramps, and peri-

odic limb movements are described in SCA3,3¢ fur-

Neurology 76 March 15,2011 957

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



958

ther studies are needed to analyze causes of sleep
disturbances in cerebellar ataxia.

Treatment strategies for fatigue in cerebellar
ataxia should focus on treatable causes of sleep dis-
turbances or underlying vital depression, and on
minimizing visual symptoms. In addition, it will be
important to optimize physical functioning and en-
durance, for which rehabilitation programs are essen-
tial. A prospective study on exercise programs,
reducing fatigue in MS, and immune-mediated poly-
neuropathy'#3738 is necessary to evaluate efficacy in
cerebellar ataxia. Finally, pharmacotherapeutics like
amantadine and modafinil, showing variable effects
on fatigue in other neurologic disorders,'* should be
evaluated in cerebellar ataxia.
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The AAN Provides a New Resource for Your Patients

Written by Ronald DeVere, MD, Director of the Taste and Smell Disorders Clinic in Austin, Texas
and Marjorie Calvert, Food Consultant at the clinic, Navigating Smell and Taste Disorders includes
causes, treatment options, and 36 recipes and additional tips that will make food appealing again.
“More than 200,000 people visit doctors each year for smell and taste problems, which often are the
first sign of neurologic disorders, such as Alzheimer’s disease, Parkinson’s disease, head injury, or
multiple sclerosis,” said DeVere.

“An enlightening guide. . . this patient-oriented approach should be hailed as a groundbreaking
book. It is highly recommended for any patients suffering from these often undiagnosed and un-
treated disorders and the relatives who help care for them.”

—Alan R. Hirsch, MD, neurological director at the Smell and Taste Treatment and Research
Foundation in Chicago

Invite your patients to visit www.aan.com/view/smellandtaste for more information about this invalu-
able resource. Available from all major booksellers.
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