Cardiac Sympathetic Denervation Can Predict the Wearing-
off Phenomenon in Patients with Parkinson Disease
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Recent studies have suggested that preserved cardiac sympathetic
denervation may be associated with a small motor burden in
Parkinson disease (PD) and serve as a good marker, which is not
associated with other nonmotor symptoms. We sought to investi-
gate whether cardiac sympathetic denervation increases the risk of
the early wearing-off phenomenon in PD. Methods: This hospital-
based prospective study enrolled 266 de novo patients with PD who
underwent '23]-metaiodobenzylguanidine ('23-MIBG) scintigraphy
on initial evaluation. The patients visited the outpatient clinic every
2-6 mo and were followed for a minimum of 18 mo from the time
they began taking dopaminergic medication. Each patient was
assessed for the wearing-off phenomenon on the basis of the clin-
ical assessments and symptom diaries. Clinical events were ana-
lyzed from the date of evaluation by '23|-MIBG scintigraphy until the
date of the first occurrence of the wearing-off phenomenon, or until
the last follow-up date without wearing-off. Results: During a mean
follow-up period of 30.4 + 14.8 mo, 71 patients developed wearing-
off. The wearing-off phenomenon occurred more in patients with
decreased '23-MIBG uptake. A Cox regression analysis revealed
that both low '23I-MIBG uptake and early onset age significantly
predicted the development of wearing-off. Conclusion: Our study
suggests that a reduction in myocardial '23I-MIBG uptake in PD
patients may be associated with a subsequent increased risk for
the wearing-off phenomenon. Findings strongly support that PD
patients with normal cardiac sympathetic innervation might have
less involvement of the midbrain dopaminergic circuitry and a con-
comitant reduced risk for motor complications, such as wearing-off.
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Metaiodobenzylguanidine labeled with '231 ('I-MIBG) is a
physiologic noradrenaline analog that plays a role as a tracer for
the uptake, transport, and subsequent vesicular storage of nor-
adrenaline in presynaptic sympathetic nerve terminals (/). Post-
ganglionic presynaptic cardiac sympathetic nerve endings can be
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noninvasively assessed by !2*I-MIBG scintigraphy, so this tech-
nique has been used to support clinical diagnoses for both cardiac
and various neurologic diseases (2). Myocardial '?*I-MIBG up-
take is reduced in patients with Lewy body diseases such as
Parkinson disease (PD), as well as dementia with Lewy bodies
(3). Many studies have demonstrated that myocardial ')I-MIBG
scintigraphy can be useful for the early differential diagnosis of
patients with PD from other atypical PD, such as multiple-system
atrophy, as a decrease in '23I-MIBG uptake often exists even in the
early stages of PD (2,4,5).

Some studies have indicated that the onset age and the disease
duration, severity, and specific phenotype influence '*I-MIBG up-
take in PD, and others have suggested that patients with a mild
Hoehn and Yahr (H&Y) stage, short disease duration, slow progres-
sion of motor dysfunction, and preserved cognitive function may
have fewer myocardial dysfunctions (6-9). We recently reported
that patients with a normal '>’I-MIBG scan have a relative lower
prevalence of nonmotor symptoms than those with decreased !231-
MIBG uptake, suggesting that normal cardiac sympathetic innerva-
tion in PD is associated with a low pathologic burden in the heart
(10). However, there have been few studies about using '>*I-MIBG
scintigraphy for prognosis prediction (/7).

The hypothesis tested in this study was that cardiac sympathetic
denervation as one of measures of peripheral a-synuclein may con-
tribute to the early motor wearing-off phenomenon as one of markers
of PD progression. In this study, we analyzed the predictive value of
123]_-MIBG scintigraphy with regards to the occurrence of wearing-
off in de novo PD patients.

MATERIALS AND METHODS

Patients and Clinical Assessments

The Institutional Review Board of Seoul St. Mary’s Hospital, of the
Catholic University of Korea, Seoul, approved the study protocol, and
all subjects provided written informed consent to participate.

A total of 266 patients at the Movement Disorder Clinic, Depart-
ment of Neurology at Seoul St. Mary’s Hospital between January 2010
and September 2015 were diagnosed with PD according to the U.K.
Brain Bank criteria (/2): the presence of appropriate dopamine trans-
porter defects on dopamine transporter imaging scans and the pres-
ence of PD drug response during follow-up. These PD patients were
followed for a minimum of 18 mo from the time they began taking
dopaminergic medication. Some of cohorts enrolled in this prospec-
tive study included all patients’ previously published research (10).
The age-matched controls (mean age = SD, 67.4 * 4.8 y) were
recruited from the community with no evidences of neurologic and
psychiatric disorders.

Clinical information, including age, age at the symptomatic disease
onset, sex, disease duration, and history of arterial hypertension and
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diabetes mellitus, was collected. All patients underwent MRI. All
patients were evaluated using the Unified Parkinson Disease Rating
Scale (UPDRS) and the modified H&Y stage.

The exclusion criteria included neurologic abnormalities related to
atypical PD or secondary parkinsonism, abnormalities in the basal ganglia
or cerebellum on structural MRI scans, a history of diabetic neuropathy or
other peripheral/autonomic neuropathy, a history of relevant cardiac dis-
ease or any abnormalities on routine chest radiography or electrocardi-
ography, and taking medications known to influence autonomic functions
or those reported to influence myocardial '2I-MIBG uptake.

The patients visited the outpatient clinic every 2—-6 mo, and were
followed for a maximum of 7 y from the time they began taking dopa-
minergic medication. Their PD pharmacotherapy included levodopa,
dopamine agonists, anticholinergics, monoamine oxidase B, and cate-
chol-O-methyl transferase inhibitors, or amantadine. Each patient was
assessed for the wearing-off phenomenon on the basis of the clinical
assessments that were conducted during each visit and Parkinson symp-
tom diaries. The wearing-off phenomenon was defined as the generally
predictable recurrence of motor and nonmotor symptoms that preceded
the next scheduled antiparkinsonian medication dosage (/3). The wear-
off time should also be greater than 1.5 h per day despite optimization
of dopaminergic treatment. In all patients with wearing-off, they were
taking more than 3 doses of dopaminergic medication per day. In all
enrolled patients, levodopa equivalent daily doses were calculated accord-
ing to the usual formula (/4), and the duration of antiparkinsonian med-
ication was calculated at the endpoint.

123I.MIBG Scintigraphic Methods

123.MIBG scintigraphy was performed using a dual-head camera
equipped with a low-energy, high-resolution collimator (Siemens),
and data were collected for 30-min (early) and 2-h (late) time points
after injection of 111 MBq of '>3[-MIBG. A static image was obtained
with a 128 X 128 matrix. Regions of interest were manually drawn

around the heart, mediastinum, and lung. Tracer uptake was measured
within each region of interest to calculate the heart-to-mediastinum
(H/M) ratio. Myocardial '?*I-MIBG washout was calculated as fol-
lows: {(early H/M — late H/M)/early H/M} x 100 (I5).

Statistical Analysis

Differences in the distributions of demographics were assessed with
Pearson x? tests for categoric variables, or by the 2-sample ¢ test for
continuous variables.

Patients were stratified to normal and abnormal '2I-MIBG uptake
groups using late H/M ratios. Because the H/M ratios of age-matched
controls were normally distributed (P = 0.200 by 1-sample Kolmo-
gorov—Smirnov test), the values within the reference limit of the nor-
mal H/M ratio were calculated as lower limits = mean — (fy 975,11 X
J(n + 1)/n x SD) of 25 age-matched normal controls (cutoff value =
2.26-2.06 x 1.02 x 0.23 = 1.78).

Patients were also divided into 4 groups on the basis of late H/M
ratio by quartile distribution, and the odds ratios were calculated for
the occurrence of wearing-off phenomenon using binary logistic regres-
sion analysis adjusted for age.

We used the Kaplan-Meier product-limit method to estimate the
cumulative proportion of patients who experienced the wearing-off phe-
nomenon in the whole cohort and in groups that were stratified accord-
ing to their demographic and clinical variables. The survival time was
calculated from the date of the evaluation using '2*I-MIBG scintigraphy
until the date of the occurrence of the wearing-off phenomenon, or until
the last follow-up date without wearing-off. Data at the time of death
from causes other than by documented PD or loss of contact with the
study subjects (5 patients) during the follow-up period were excluded.
Testing of the hypothesis was performed by the log-rank test; the effect
of predictive variables is expressed as risk ratios and 95% confidence
intervals (ClIs), which were calculated using the Cox proportional

TABLE 1
Cohort Clinical Characteristics
Variable Total (n = 266) WO- (n = 195) WO+ (n = 71) P
Age at onset (y) 66.1 £ 9.5 67.0+9.3 63.4 + 9.6 0.007
Male (n) 129 (48.5%) 89 (45.6%) 40 (56.3%) 0.123
Disease duration (mo) 14.1 £ 15.3 145+ 15.9 12.9 + 13.5 0.444
Hypertension (n) 109 (41.0%) 85 (43.6%) 24 (33.8%) 0.151
Diabetes mellitus (n) 34 (12.8%) 27 (13.8%) 7 (9.9%) 0.389
UPDRS total 25.0+15.5 25.0 + 16.1 25.0+13.6 0.994
UPDRS part 1 24 +21 24+22 23+1.8 0.888
UPDRS part 2 74 +51 74+56 7.3+3.7 0.938
UPDRS part 3 15.2 + 10.0 15.1 + 10.0 15.3 + 10.0 0.901
Hoehn and Yahr stage 1.7+£0.7 1.7+0.7 1.6+0.7 0.664
Time to endpoint, mo 30.2 + 14.4 31.4 £ 14.3 26.8 + 14.2 0.022
LEDD (endpoint) 518.7 + 275.9 473.9 + 246.2 641.6 + 315.0 <0.001
Early H/M 1.66 + 0.38 1.73 £ 0.40 1.48 + 0.24 <0.001
Late H/M 1.63 + 0.47 1.72 £ 0.49 1.40 £ 0.29 <0.001
Washout rate 2.4+10.9 22 +115 3.3+ 11.0 0.470
Late H/M ratio = 1.78 177 (66.5%) 112 (57.4%) 65 (91.5%) <0.001
Analyses were performed by an independent sample t test or a x test.
WO = wearing-off; LEDD = levodopa equivalent daily dose.
Values represent mean with SD or number of subjects, with percentages in parentheses.
MIBG ScINTIGRAPHY AND WEARING-OFF IN PD ¢ Lee et al. 1729
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FIGURE 1. Occurrence of wearing-off phenomenon (n = 71) in relation
to late H/M ratio. Peak occurrence was lowest H/M quartile (<1.27), with
progressive decline for higher H/M ratios.

hazards model. The age of onset (early-onset [=65 y] vs. late-onset
[>65 y]), disease duration (=1 vs. >1 y), H&Y stage score (=2 [no
axial involvement] vs. > 2 [axial involvement]), myocardial 123I-
MIBG uptake (normal vs. abnormal/decreased H/M ratios), and their
combinations were analyzed as categoric variables. A multivariate
analysis was performed using the Cox proportional hazards model
using those variables associated with risk in the univariate testing
protocol. All analyses were performed using SPSS/Mac software,

version 24.0. For all tests, the significance level was established at
a value of P less than 0.05.

RESULTS

From the 337-patient registry, 22 patients with multiple-system
atrophy, 21 with progressive supranuclear nuclear palsy, and 23
with dementia with Lewy bodies were excluded in a retrospective
manner. Among the remaining 271 PD patients, 5 patients with PD
were excluded due to follow-up loss within 1 y. Therefore, a total
of 266 PD patients were finally enrolled.

The baseline characteristics of patients are summarized in Table 1.
Among the 266 patients with PD, 129 were men (48.5%). The mean
age at onset (£SD) was 66.1 = 9.5 y. The mean disease duration
was 14.1 £ 15.3 mo. The total UPDRS and H&Y stage scores were
25.0 = 15.5 and 1.7 = 0.7, respectively. The mean early and late
H/M ratios were 1.66 = 0.38 and 1.63 = 0.47, respectively. Eighty-
nine patients (33.5%) had a normal '2)I-MIBG uptake, with a late
H/M ratio > 1.78. The mean follow-up duration was 30.2 £ 14.4
mo, and the mean levodopa equivalent daily dose at the endpoint
was 518.7 = 275.9 mg.

When the patients were divided into 2 groups according to the
presence of wearing-off symptoms, the group with wearing-off
was younger than those without wearing-off. As expected, the
mean time to endpoint was shorter and the mean levodopa equiv-
alent daily dose was higher in the wearing-off group than in the
no-wearing-off group. However, each group of patients was similar
with regard to disease duration, medical history (hypertension
and diabetes), and PD severity (UPDRS and H&Y stage scores).

TABLE 2
Results of Univariate Test for Wearing-off Prognostic Variables
Variable No. of patients No. of wearing-off events Cumulative incidence P
Age at onset (y)
=65 118 43 36.4% 0.008
>65 148 28 18.9%
Sex
Male 129 40 31.0% 0.158
Female 137 31 22.6%
Disease duration (mo)
=12 181 52 28.7% 0.199
>12 85 19 22.4%
Hoehn and Yahr stage
Without postural involvement (=2) 200 57 28.5% 0.266
Without postural involvement (>2) 66 14 21.2%
Hypertension
No 157 47 29.9% 0.089
Yes 109 24 22.0%
Diabetes mellitus
No 232 64 27.6% 0.143
Yes 34 7 20.6%
Late H/M ratio
Normal (>1.78) 89 6 6.7% <0.001
Decreased (=1.78) 177 65 36.7%
Total cohort 266 71 26.7%
1730  THE JourNAL OF NUCLEAR MEDICINE ¢ Vol. 59 ¢ No. 11 * November 2018
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FIGURE 2. Kaplan-Meier estimates of rate of occurrence of wearing-
off phenomenon over time. The data are stratified according to the age
at onset (A), normal/decreased cardiac sympathetic innervation (B), and
their combinations (C). Testing for significance was by log-rank method.

MIBG SCINTIGRAPHY AND WEARING-OFF IN PD

Patients with wearing-off had a higher frequency of decreased
H/M ratios with a late H/M ratio = 1.78 (wearing-off vs. no wearing-
off = 65 [91.5%] vs. 112 [57.4%], respectively; x> = 27.206; P <
0.001) and lower H/M ratio than those with no wearing-off (Table 1).
The occurrence of wearing-off phenomenon in relation to late H/M
ratio is shown in Figure 1. When compared with patients of the
highest late H/M quartile (>1.97), patients in the lower 3 quartiles
had higher odds for more occurrence of wearing-off. The odds
ratios were 4.479 (95% CI: 1.490-13.462, P = 0.008), 6.716
(95% CI: 2.248-20.064, P = 0.001) and 14.801 (95% CI:
4.862-45.064, P < 0.001), when late H/M ratio ranged from
1.49 to 1.97, 1.27 to 1.49, and <1.27, respectively.

Seventy-one patients had wearing-off during the follow-up
period, yielding an estimated cumulative incidence of 26.7%.
Several clinical variables were examined for their effect on the
risk of the occurrence of wearing-off (Table 2). The time to the
occurrence of wearing-off did not vary significantly with the sex,
disease duration, motor symptom severity, or presence or absence
of diabetes. The risk was elevated, however, in the patients with
younger-onset PD (Fig. 2A; risk ratio: 2.378; 95% CI: 1.417-
3.990). Those with hypertension also had a relatively low risk of
wearing-off, with borderline significance (risk ratio: 0.626; 95%
CI: 0.377-1.042) (Table 3).

An abnormal '23I-MIBG scan was also a strong predictor of the
risk for the occurrence of wearing-off. On Kaplan—Meier survival
analysis, among the 71 patients who had wearing-off, the group
with decreased '23I-MIBG scintigraphy had a 3-y occurrence rate
of 36.7%. In contrast, only 6 patients who had normal '>I-MIBG
scintigraphy also experienced wearing-off, for a 3-y occurrence
rate of 6.7% (Fig. 2B; risk ratio for abnormal '2[-MIBG: 6.418;
95% CI: 2.730-15.088) (Table 3).

The combination of younger-onset of disease with decreased
1231.MIBG scan had a synergistic effect, with a wearing-off oc-
currence rate of 50.7% (Table 4 and Fig. 2C; risk ratio: 21.396;
95% CI: 2.936-155.938, P = 0.003). The group with older-onset
and decreased '2[-MIBG scan also had a high risk of wearing-off,
compared with those with older-onset and normal '23I-MIBG (risk
ratio: 10.036; 95% CI: 1.362-73.933, P = 0.024).

DISCUSSION

This study demonstrated that decreased myocardial '23I-MIBG
uptake increases the risk for the development of the wearing-off
phenomenon in PD patients. In addition, the results of this study
also showed that a young onset age of PD was associated with a

TABLE 3
Cox Proportional Hazard Ratios for Wearing-Off
Phenomenon According to Patient Characteristics

Variable Hazard ratio (95% ClI) P
Age at onset = 65 y 2.378 (1.417-3.990) 0.001
Male sex 1.261 (0.782-2.034) 0.341
Hypertension 0.626 (0.377-1.042) 0.071
Diabetes mellitus 0.648 (0.284-1.477) 0.302
Disease duration > 12 mo  0.953 (0.517-1.755) 0.876
Hoehn and Yahr stage > 2 1.267 (0.632-2.536) 0.505

Late H/M ratio = 1.78 6.418 (2.730-15.088) <0.001

Lee et al. 1731



TABLE 4
Results of Univariate Test for Combinations of Wearing-off Prognostic Variables

Variable No. of patients No. of wearing-off events ~ Cumulative incidence P
Age at onset > 65 y + late H/M ratio > 1.78 46 1 2.2% <0.001
Age at onset = 65y + late H/M ratio > 1.78 43 5 11.6%
Age at onset > 65 y + late H/M ratio = 1.78 102 27 26.5%
Age at onset = 65 y + late H/M ratio = 1.78 75 38 50.7%
Total cohort 266 71 26.7%

higher risk for the occurrence of wearing-off. The results of our
study are consistent with those of a previous Japanese preliminary
study with 23 PD patients, which showed a significant difference
in the occurrence of wearing-off between the 2 groups that were
divided according to H/M ratio (/7). On the basis of the findings
from our study and the previous one, impaired '2*I-MIBG uptake
in PD patients could be an independent factor that can predict the
complication of the wearing-off phenomenon.

The wearing-off phenomenon is an important motor complication
that occurs after a few years of using dopaminergic treatments;
however, the pathophysiology underlying the wearing-off phenom-
enon is not fully understood. Wearing-oft is mainly thought to
reflect the progressive degeneration of nigrostriatal dopaminergic
neurons, resulting in a reduced storage capacity for levodopa and
a subsequent change in the pharmacodynamic response (/6).

Recent data have suggested that the cellular pathologies in PD
develop in parallel at similar rates, although the first symptoms
can often be found in the peripheral nervous system, rather than
the midbrain dopaminergic circuitry (/7). Likewise, cardiac auto-
nomic dysfunction also appears before obvious motor symptoms
in PD patients, and also in a-synuclein model transgenic mice
(18-20). This is associated with an earlier functional threshold
in the autonomic nervous system, and it is hypothesized that neu-
ronal damage in PD occurs in a spreading and ascending pattern
from peripheral nerves to the brain stem and midbrain.

Normal '?3I-MIBG uptake is also associated with less sympa-
thetic denervation and might be associated with less Lewy body
pathology in the heart, compared with those with decreased 1231-
MIBG uptake. Therefore, we can postulate that PD patients with
normal cardiac sympathetic innervation might have less involve-
ment of the midbrain dopaminergic circuitry, and a concomitant
reduced risk for motor complications, such as wearing-off. We
recently reported the association between orthostatic hypotension,
a rapid-eye-movement sleep behavioral disorder, and impaired
cardiac sympathetic denervation (/0).

Estimates of the incidence of wearing-off vary greatly. Previous
studies have demonstrated that approximately 40%—-50% of PD pa-
tients who were treated with levodopa for 4-6 y experienced wearing-
off. The occurrence of wearing-off increases gradually with time, with
almost all PD patients developing it within 10 y of initiation of
levodopa therapy (/3,21-23). Because the wearing-off phenomenon
significantly affects the quality of life and can be an important source
of disability in PD patients, it is important to identify the occurrence
of wearing-off and to start managing it immediately.

Many studies have reported that a young age at the onset of PD
is a risk factor for the development of wearing-off and dyskinesia
(23-28). In our study, the incidence of wearing-off in the older-
onset patient group (>65 y) was significantly lower than that in
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the younger-onset patient group. The results of this study provide
further evidence that a young age at the onset of PD is one of the
strong predictive factors for the occurrence of wearing-off.

This study has several limitations. First, there is currently no
universal definition of the wearing-off phenomenon. A wide range
of motor and nonmotor features are related to wearing-off in PD,
and therefore estimates of this phenomenon can vary greatly
depending on the study design and definition used. In this study,
we used the recently provided consensus definition by an in-
ternational group of movement disorder specialists (/3). Second,
this study showed that the risk of wearing-off in male PD patients
was mildly elevated compared with that of female patients. Several
previous studies, however, revealed that female sex was associated
with an increased risk of developing wearing-off (23,25,29). These
studies reported that lower body weight; higher daily levodopa
doses adjusted to body weight; greater levodopa bioavailability;
effects of nondopaminergic therapies for nonmotor symptoms, such
as anxiety, mood change, and pain; levels of the female sex hor-
mone (estrogen); and uric acid levels in PD female patients may
influence the occurrence of wearing-off, as well as the rate of PD
progression (29-31). Our study did not match these correlations. In
our study population, male PD patients were mildly younger than
female patients (male vs. female = 65.3 = 9.7 vs. 66.8 = 9.3 y,
respectively; P = 0.212), and this may be associated with the in-
consistencies between our results and prior studies. We can pos-
tulate the physical aging effect on wearing-off is greater than sex
effect. In addition, we did not evaluate other factors that may
influence the occurrence of wearing-off. Several risk factors for
the development of wearing-off have been reported, including a
lower body weight, higher disease severity, higher levodopa dose,
longer duration of levodopa therapy, treatment with entacapone, and
high scores on the UPDRS parts II and III and North American
geographic region (23,25,27,28).

CONCLUSION

This study showed that a reduction in myocardial '*3I-MIBG up-
take in PD patients may be associated with a subsequent increased
risk in the occurrence of the wearing-off phenomenon. The re-
sults of this study suggest that screening for cardiac sympathetic
denervation can identify a subgroup of patients with PD who will
experience a more rapid progression than average PD patients.
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