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Abstract.
Background: Multiple system atrophy (MSA) is a rare neurodegenerative disease characterized by Parkinsonism, ataxia,
and autonomic nervous failure. Orthostatic hypotension (OH) is the main feature of central vascular autonomic failure in
MSA.
Objective: The study aimed elucidate the effects of OH on cognitive function, disease milestones, and survival.
Methods: A total of 444 patients with clinically established MSA were enrolled. Mild and severe OH were defined as a
decrease in systolic blood pressure (SBP)/diastolic blood pressure (DBP) >20/10 mmHg and SBP/DBP ≥30/15 mmHg,
respectively.
Results: In this study, 215 MSA patients presented without OH, 88 had mild OH, and 141 had severe OH. The proportion
of MSA-C in the severe OH subgroup was significantly higher than that in the subgroup without OH (95/46 vs. 113/102,
p = 0.021). The UMSARS I score and the frequency of supine hypertension (SH) in patients with OH were significantly higher
than those in patients without OH (16.22 vs. 16.89 vs. 14.60, p < 0.001; 77/64 vs. 29/59 vs. 32/183, p < 0.001). Factors related
to the severity of OH included sex (OR, 0.65; p = 0.031), onset age (OR, 0.98; p = 0.029), and SH (OR, 0.21; p < 0.001). The
median survival time of patients with severe OH was significantly lower than that of patients without OH (6.79 vs. 8.13 years,
p = 0.001). Consistently, Cox survival analysis found that compared with patients without OH, patients with severe OH had
a significantly increased risk of death (OR, 2.22; p < 0.001).
Conclusions: Our large cohort study of MSA provides additional evidence for the negative impact of severe OH on survival.
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INTRODUCTION

Multiple system atrophy (MSA) is a rare neurode-
generative disease in adults that affects the substantia
nigra striatum system, cerebellum, pons, and infe-
rior olive, as well as the brain stem and spinal cord
nucleus, which are involved in autonomic function
[1]. Its clinical features mainly include autonomic

∗Correspondence to: Huifang Shang, Department of Neurol-
ogy, West China Hospital, Sichuan University, Chengdu 610041,
Sichuan, China. Tel.: +86 18980602127; Fax: +86 028 85423550;
E-mail: hfshang2002@126.com.

nervous failure, parkinsonism and ataxia [2], and it is
classified into parkinsonian (MSA-P) and cerebellar
(MSA-C) subtypes according to the motor pheno-
type. MSA progresses rapidly, with severe disability
usually occurring within 5-6 years of symptom onset
and death within 10 years [2]. Currently, there is no
effective treatment.

Orthostatic hypotension (OH) is the main charac-
teristic of cardiovascular autonomic failure in patients
with MSA. Almost 50% of patients with MSA
develop OH symptoms at an early stage [3], and
it is often accompanied by supine and nocturnal
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hypertension [4]. One study showed that OH is more
common in MSA-C than in MSA-P [5]. A study on
349 MSA patients revealed that the severity of OH
was significantly associated with the severity of the
disease, orthostatic symptoms and supine hyperten-
sion (SH) but was not associated with the subtype of
MSA [6]. Some previous studies found that the pres-
ence of OH was associated with lower survival [7–9].
However, one study showed that the effect of OH on
survival varied according to sex, and the decrease in
diastolic blood pressure in the upright position only
significantly increased the risk of death in males [10].
Additionally, one study found that MSA patients with
OH performed worse in multiple cognitive task tests
and had a higher percentage of deteriorating cog-
nitive status at 12 months of follow-up than those
without OH [11]. However, in contrast, another study
found no significant difference in cognitive function
between MSA patients with or without OH [12].

The current study aimed to describe the frequency
and magnitude of OH in different subtypes in a large-
sample cohort of MSA patients recruited from a
Chinese population and clarify the effects of differ-
ent magnitudes of OH on cognitive function, disease
milestones and survival.

MATERIALS AND METHODS

Study population

A total of 444 patients with a diagnosis of clin-
ically established MSA according to the consensus
criteria in 2008 [13] were enrolled at the Department
of Neurology, West China Hospital, Sichuan Univer-
sity between January 2014 and December 2020. All
patients underwent brain magnetic resonance imag-
ing (MRI) scanning and other supplementary tests,
such as spinal cerebellar ataxia gene tests (SCA1, 2,
3, 6, 7), tumor marker tests and immunological tests,
to exclude other neurological diseases. In addition,
we also excluded stroke or brain injury patients. All
participants signed written informed consent before
recruitment, and this study was approved by the
Ethics Committee of West China Hospital, Sichuan
University.

Clinical assessment

The neurologist collected clinical information
from all participants at baseline face-to-face inter-
views, including age, sex, age of onset, education,
disease duration, onset symptoms, and patients’

supine and orthostatic blood pressure (BP). Supine
and orthostatic BP is measured by the patient’s BP
in the supine position for 10 min, then let the patient
stand, and measure the BP at the first, third, fifth, and
tenth minutes. OH was defined as a decrease in sys-
tolic BP (SBP) ≥20 mmHg or diastolic BP (DBP)
≥10 mmHg within 3 min from supine to standing
position [14]. In the study, mild OH was defined as
a decrease in SBP between 20–30 mmHg or DBP
between 10–15 mmHg in 3 min, and severe OH was
defined as a decrease in SBP ≥30 mmHg or DBP ≥15
mmHg in 3 min. SH was defined as SBP ≥140 mmHg
or DBP ≥90 mmHg after at least 10 min of rest in the
supine position [15]. Delayed OH was defined as a
decrease in SBP ≥20 mmHg or DBP ≥10 mmHg in
10 min.

The Unified Multiple System Atrophy Rating
Scale (UMSARS) was used to assess disease sever-
ity in patients [16]. UMSARS-I (12 items) assessed
patient-reported functional disability, UMSARS-II
(14 items) assessed motor impairment based on a clin-
ical examination, and the disease milestones included
dependence on wheelchairs and death. The Montreal
Cognitive Assessment (MoCA) and Frontal Assess-
ment Battery (FAB) were used to assess overall
cognitive and frontal function, respectively [17, 18].
The optimal cutoff score for screening for mild cogni-
tive impairment (MCI) was 19 points for individuals
with less than 6 years of education, 22 points for indi-
viduals with 7–12 years of education, and 24 points
for individuals with more than 12 years of education
[19]. In the study, the cutoff score for impaired frontal
lobe function was defined as an overall score more
than 1.5 standard deviations below the healthy control
mean FAB score in a previous study [20]. The patients
were followed up by telephone or face-to-face each
year.

Statistical analysis

All data are expressed as the mean (standard
deviation), ratio, OR (95% CI), or HR (95% CI).
The Kruskal–Wallis test and chi-square test were
used to analyze differences in the continuous and
categorical variables, respectively, among the dif-
ferent subgroups, and an ordinal logistic regression
model was used to explore the factors related to
OH in MSA. Multivariate Cox regression analysis
and Kaplan–Meier survival analysis were used to
compare wheelchair dependence and death in MSA
patients with different magnitudes of OH. Cox pro-
portional hazard regression analysis adjusted for age
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of onset, sex and course of disease, clinical type, total
UMSARS, SH (yes vs. no), urinary incontinence (yes
vs. no), history of hypertension (yes vs. no), and anti-
OH treatment. All data analysis was performed using
SPSS 22.0 (IBM, Chicago, IL). A p value <0.05 was
considered to indicate statistical significance.

RESULTS

Demographics and clinical characteristics

A total of 444 patients with a clinically established
diagnosis of MSA were enrolled, including 215 with-
out OH, 88 with mild OH, and 141 with severe OH.
Among the 444 MSA patients, a total of 26 patients
experienced delayed OH, including two patients with
mild OH and 23 patients with severe OH. The pro-
portion of female patients in the severe OH subgroup
was significantly lower than that in the other two sub-
groups (53/88 vs. 46/42 vs. 109/106, p = 0.028), and
the proportion of MSA-C in the severe OH subgroup
was significantly higher than that in the patients with-
out OH (95/46 vs. 113/102, p = 0.005). MSA patients
with OH, regardless of mild or severe OH, had signif-
icantly greater UMSARS I score than those without
OH (16.22 ± 5.58 vs. 16.89 ± 5.87 vs. 14.60 ± 5.46,
p = 0.000). There were no significant differences in
the rest of the UMSARS scores among the three

subgroups. In addition, there was a significant differ-
ence in the frequency of SH (yes vs. no) and delayed
OH among the three subgroups (77/64 vs. 29/59 vs.
32/183, p = 0.000), with the highest frequency in the
severe OH subgroup (54.6%). In terms of cognition,
there were no significant differences in MoCA and
FAB scores among the three subgroups (Table 1).

Associated risk factors for OH

In the ordinal logistic regression model, the factors
related to the magnitude of OH included sex, age of
onset, clinical subtype and SH (yes vs. no) (Table 2).
Compared with MSA patients without OH and with
mild OH, the patients with severe OH had a signifi-
cantly lower proportion of female sex (OR, 0.65; 95%
CI, 0.45–0.96; p = 0.031), younger age of onset (OR,
0.98; 95% CI, 0.95–1.00; p = 0.029), and lower pro-
portion of patients without SH (OR, 0.21; 95% CI,
0.14–0.31; p < 0.001).

OH and clinical milestones

In terms of clinical milestones, we found no signif-
icant difference in the time of wheelchair occurrence
among the three subgroups (Table 1, Fig. 1). How-
ever, in terms of survival, the patients with severe OH
(6.79 years (95% CI, 6.14–7.44)) had a significantly

Table 1
Demographics and clinical characteristics in different magnitude of OH groups

No OH Mild OH Severe OH p
N = 215 N = 88 N = 141

Sex (Female/male) 109/106 46/42 53/88 0.028
Age, mean (SD), y 60.01 (8.63) 59.70 (8.87) 58.85 (8.71) 0.401
Age of onset, mean (SD), y 57.86 (8.48) 57.46 (8.56) 56.41 (8.70) 0.306
Disease duration, mean (SD), y 2.15 (1.06) 2.24 (1.06) 2.44 (1.17) 0.080
Education, mean (SD), y 9.43 (3.73) 9.35 (3.90) 9.50 (3.75) 0.969
Clinical type (MSA-C vs. MSA-P) 113 vs. 102 51 vs.37 95 vs. 46 0.021
UMSARS I, mean (SD) 14.60 (5.46) 16.22 (5.58) 16.89 (5.87) <0.001
UMSARS II, mean (SD) 17.32 (6.16) 17.94 (6.51) 18.11 (6.60) 0.629
UMSARS total, mean (SD) 31.91 (10.76) 34.16 (11.45) 35.00 (11.44) 0.056
UMSARS IV, mean (SD) 1.96 (0.85) 1.97 (0.92) 2.17 (0.92) 0.095
Urinary incontinence (Yes/No) 135/80 55/33 98/43 0.377
Delayed OH (Yes/No) 0/215 23/65 3/138 <0.001
Supine hypertension (Yes/No) 32/183 29/59 77/64 <0.001
History of hypertension (Yes/No) 40/175 13/75 19/122 0.403
Anti-OH treatment 0/215 0/88 4/137 0.021
MoCA, mean (SD) 21.70 (4.78) 21.92 (5.11) 20.83 (5.44) 0.242
FAB, mean (SD) 14.44 (2.78) 14.70 (2.77) 14.09 (2.99) 0.294
Wheelchair, median (95% CI), y 5.04 (4.82–5.27) 4.93 (4.35–5.50) 5.37 (5.14–5.61) 0.358
Survival time, median (95% CI), y 8.13 (7.44–8.81)∗ 6.76 (6.10–7.42) 6.79 (6.14–7.44)∗ 0.003

OH, orthostatic hypotension; MSA, multiple system atrophy; MSA-C, MSA-cerebellar; MSA-P, MSA-parkinsonian; UMSARS, Unified
MSA Rating Scale; MoCA, The Montreal Cognitive Assessment; MCI, mild cognitive impairment; FAB, Frontal Assessment Battery. ∗There
was a significant difference between the two groups.



1316 Q. Jiang et al. / Orthostatic Hypotension in MSA

Table 2
Factors related to the magnitude of OH in MSA

OR (95% CI) p

Sex (Female vs. Male) 0.65 (0.45–0.96) 0.031
Age of onset 0.98 (0.95–1.00) 0.029
Disease duration 1.11 (0.92–1.34) 0.272
Clinical type (MSA-C vs. MSA-P) 1.51 (1.02–2.24) 0.038
UMSARS total 1.01 (0.98–1.03) 0.601
UMSARS IV 1.20 (0.89–1.62) 0.236
Urinary incontinence (Yes vs. No) 0.82 (0.54–1.23) 0.335
Supine hypertension (No vs. Yes) 0.21 (0.14–0.31) <0.001
MoCA (Normal vs. MCI) 0.86 (0.56–1.33) 0.497
FAB (Normal vs. Impairment) 0.95 (0.63–1.44) 0.814

Ordinal logistic regression: patients were classified in three cat-
egories according to the magnitude of OH as clinically defined;
0: No significant OH, 1: mild OH, 2: severe OH. MSA, Multiple
system atrophy; OH, orthostatic hypotension; UMSARS, Unified
MSA Rating Scale; MoCA, The Montreal Cognitive Assessment;
MCI, mild cognitive impairment; FAB, Frontal Assessment Bat-
tery.

shorter median survival time than that of patients
without OH (8.13 years (95% CI, 7.44–8.81) (Table 1,
Fig. 2). Although there was no significant difference
between MSA patients with mild OH and those with-
out OH (6.76 vs. 8.13 years, p = 0.294), patients with
mild OH tended to have a worse prognosis, which
was more significant after 6 years of survival (Fig. 2).
The median survival time of patients with mild OH
was not significantly different from that of patients
with severe OH (6.76 vs. 6.79 years, p = 0.134). Cox
proportional hazard regression analysis was consis-
tently adjusted for age of onset, sex, course of disease,
clinical subtype, total UMSARS, SH (yes vs. no),
urinary incontinence (yes vs. no), history of hyperten-
sion (yes vs. no), and anti-OH treatment. Compared
with MSA patients without OH, patients with severe
OH had a significantly increased risk of death (OR,
2.22; 95% CI, 1.43–3.47; p < 0.001), while patients
with mild OH had no significant difference in the risk
of death (OR, 1.37; 95% CI, 0.81–2.31; p = 0.248)
(Table 3).

Fig. 1. Time of wheelchair dependence in different OH groups in
MSA patients. 0: No significant OH, 1: mild OH, 2: severe OH.

Fig. 2. Survival time in different OH groups in MSA patients. 0:
No significant OH, 1: mild OH, 2: severe OH.

DISCUSSION

Our cohort study identified the factors associated
with OH in patients with MSA and the relationship
between OH and the prognosis of patients with MSA.
First, we found that the severe OH subgroup was more
likely to be male, have the MSA-C subtype and have
SH than MSA patients with mild OH and without OH.
In addition, patients with OH, regardless of mild or
severe OH, had significantly higher UMSARS I score

Table 3
Association between magnitude of OH and the occurrence of wheelchair and death in MSA patients

Model 1 p Model 2 p Model 3 p Model 4 p

Wheelchair Mild OH 1.37 (0.96–1.95) 0.080 1.29 (0.91–1.84) 0.154 1.32 (0.92–1.90) 0.137 1.35 (0.94–1.95) 0.108
Severe OH 1.22 (0.89–1.68) 0.225 1.16 (0.84–1.60) 0.369 1.19 (0.85–1.66) 0.322 1.25 (0.88–1.76) 0.214

Death Mild OH 1.46 (0.87–2.45) 0.151 1.43 (0.86–2.40) 0.172 1.38 (0.82–2.34) 0.231 1.37 (0.81–2.31) 0.248
Severe OH 2.56 (1.71–3.91) <0.001 2.44 (1.61–3.70) <0.001 2.32 (1.50–3.60) <0.001 2.22 (1.43–3.47) <0.001

Cox proportional hazard regression: patients were classified in three categories according to the magnitude of OH as clinically defined; The
data is expressed as HR (95% CI). Model 1: Adjusted for age of onset, sex, course of disease, and clinical type; Model 2: Model 1+ UMSARS
total; Model 3: Model 2+ supine hypertension (No/Yes); Model 4: Model 3+ Urinary incontinence (Yes/No), history of hypertension (Yes/No),
and anti-OH treatment (Yes/No).



Q. Jiang et al. / Orthostatic Hypotension in MSA 1317

than those without OH. Second, we found that sex,
age of onset and SH were related to the magnitude
of OH. Finally, compared with patients without OH,
patients with severe OH had a significantly increased
risk of death, while patients with mild OH showed no
significant difference in risk of death.

Neurogenic OH is due to the decreased ability of
the sympathetic nerve to release norepinephrine and
the inability to raise peripheral vascular resistance
while standing [21, 22], which is common in MSA.
OH in MSA is associated with the loss of pregan-
glionic sympathetic neurons in the mesolateral spinal
column [23], as well as the loss of catecholaminergic
neurons in the ventrolateral medulla [24].

In our MSA cohort, male patients with MSA were
likely to have severe OH, which was consistent with a
previous study [6] and may be related to the more fre-
quent use of �-blockers with antihypertensive effects
for urinary diseases such as benign prostatic hyper-
plasia in males. In addition, MSA-C patients were
likely to have severe OH, which was consistent with a
previous study [5] but inconsistent with another study
[6]. There were differences in pathology between
MSA-C and MSA-P patients [25]. Previous studies
found that exercise-induced cardiovascular abnor-
malities are more obvious in patients with MSA-C,
indicating that the cerebellum or brainstem auto-
nomic nerve pathways in patients with MSA-C are
severely damaged compared with those in MSA-P
patients [26].

We found that the incidence of SH in MSA patients
with severe OH, mild OH and without OH was sig-
nificantly different and increased with the appearance
and severity of OH, among which the severe OH sub-
group had the highest incidence (54.6%). A previous
study also reported a significant correlation between
the level of OH and the severity and frequency of SH
[6], while another study reported that the frequency
(49%) and severity of SH increased significantly
in MSA patients with OH [27]. Both OH and SH
occur as a result of autonomic nervous system failure,
impaired baroreflex pathways, and the inability of the
cardiovascular system to regulate blood pressure in
response to postural changes. Since the central auto-
nomic pathway is the primarily affected location in
MSA patients, the postganglionic sympathetic nerve
remains intact [28]. Thus, efferent norepinephrine
fibers are preserved, and plasma norepinephrine is
normal or only slightly reduced [29]. SH in MSA
patients may be driven by residual but unregulated
sympathetic activity [30]. In addition, some long-
acting pressor drugs for the treatment of OH, such

as fludrocortisone, can induce SH. Therefore, when
treating patients with both OH and SH, it should be
noted that drug treatment should selectively improve
OH but not increase the risk of SH. Midodrine treat-
ment combined with avoidance of the supine position
for 3-4 hours after each dose can reduce the risk of
SH. Servo-controlled abdominal venous compression
with an automated inflatable binder is as effective
as standard midodrine administration [31], and new
therapies such as tomoxetine and droxidopa may also
have a lower risk of SH exacerbation [32] [33]. The
high incidence of SH in MSA patients with severe
OH suggests that we should give more attention to
this complication when treating MSA patients with
severe OH.

In terms of cognition, we found no difference in the
total MoCA score among the different OH subgroups.
Our finding was also supported by a previous study
showing that MSA patients with and without OH
have similar cognitive levels through Mini-Mental
State Examination (MMSE) assessments [12]. A
recent study showed that early OH (rather than
symptom severity) increased the risk of cognitive
impairment in MSA patients (HR = 0.59; 95% CI,
0.42–0.83) [34]. The underlying mechanism of the
relationship between OH and cognitive impairment
remains unclear, and there are two proposed hypothe-
ses: 1) diffuse neuropathological theory, that is, OH
and cognitive impairment occur simultaneously due
to diffuse cerebral and peripheral deposition of �-
synuclein [35]; and 2) brain hypoperfusion mediated
by OH may impair cognitive function [36]. No
between-subgroup differences in the MoCA scores
were found in our cohort, which may be explained
by the following reasons: enrolled MSA patients in
the current study were at the early stage of the disease
(duration of approximately 2 years); we did not con-
sider the onset time of OH of patients; and MoCA,
as a global cognition assessment tool, may not be
sensitive in the early stage of the disease.

In our MSA cohort, there was no relationship
between different magnitudes of OH and patients’
motor symptoms and overall disability (UMSARS
II and IV scores). However, patients with OH had
significantly higher UMSARS I scores than patients
without OH, which may be because four items of
the UMSARS I (12 items) were related to ortho-
static symptoms, resulting in a significantly greater
score. In terms of clinical milestones, we did not
find that different magnitudes of OH were associ-
ated with wheelchair dependence, but we found that
MSA patients with severe OH had a significantly
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higher risk of death than those without OH, while
there was no significant difference in the risk of
death between patients with mild OH and patients
without OH. Several previous studies have found
that early symptoms of autonomic nervous failure
are associated with lower survival in MSA patients
[37–39]. However, another study showed that the
severity of OH assessed in the 10-min standing trial
was not significantly associated with mortality in
patients with MSA, but a higher risk of death was
observed for patients with daytime SBP variability
(HR 3.66, p < 0.01) and those who underwent OH
treatment (HR: 2.13, p = 0.02) [40]. Therefore, that
study proposed that antihypotensive treatment itself
may have a direct negative impact on the survival
of MSA patients with OH [40], and most previously
published randomized placebo-controlled trials eval-
uating the effect of antihypotensive drugs on a limited
number of MSA patients, lasting only a few weeks
at most, lack information on the safety and efficacy
of their long-term use [41–43]. Such a conclusion
was inconsistent with our finding that patients with
severe OH had a significantly increased risk of death,
but our cohort was not adjusted for the use of anti-
hypotensive drugs in those patients. A reduction in
catecholaminergic neurons in the rostral ventrolat-
eral medulla induced sympathetic vasomotor failure
in patients with MSA [44], and dysfunction of the
medulla serotonergic system, which regulates the car-
diovascular system, may be the cause of early sudden
death in MSA patients [45]. Additionally, severe OH
is often accompanied by SH, both of which may lead
to left ventricular hypertrophy and diastolic dysfunc-
tion, which may increase the patient’s risk of future
cardiovascular events [46]. OH may also increase the
risk of falls and syncope, with the risk of recurrent
falls being approximately 2.5 times higher in elderly
patients with OH than in older adults without OH [47,
48], thus increasing the risk of fractures and other
potentially life-shortening traumas.

Therefore, the mortality of MSA patients with
severe OH was significantly increased, and it was
caused by OH itself, increased BP variability due
to the use of antihypotensive drugs, or the combi-
nation of the two; therefore, this topic warrants more
rigorous clinical research.

Our study has some limitations. First, only cross-
sectional data were available for the assessment of
patients’ symptoms and cognition, and the sample
size of follow-up data was too small for statistical
calculations. Second, detailed OH data, such as the
onset time of OH in the course of MSA, was not

collected. Finally, we did not specifically record and
adjust for the use of antihypotensive drugs in MSA
patients after baseline.

Conclusion

Our large cohort study of patients with MSA
showed that there was no significant difference in sur-
vival between MSA patients with mild OH and those
without OH, but severe OH had a significant negative
effect on survival. It is necessary to give more clinical
attention to the presence of OH in patients with MSA.
In addition, antihypotensive drugs for OH in MSA
should be selected carefully by considering both the
increased occurrence of SH and also the long-term
safety associated with the treatment.
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[12] Eschlböck S, Delazer M, Krismer F, Bodner T, Fanciulli A,
Heim B, Heras Garvin A, Kaindlstorfer C, Karner E, Mair K,
Rabensteiner C, Raccagni C, Seppi K, Poewe W, Wenning
GK (2020) Cognition in multiple system atrophy: A single-
center cohort study. Ann Clin Transl Neurol 7, 219-228.

[13] Gilman S, Wenning GK, Low PA, Brooks DJ, Mathias CJ,
Trojanowski JQ, Wood NW, Colosimo C, Dürr A, Fowler
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S, Whitehead V, Collin I, Cummings JL, Chertkow H
(2005) The Montreal Cognitive Assessment, MoCA: A brief
screening tool for mild cognitive impairment. J Am Geriatr
Soc 53, 695-699.

[19] Chen KL, Xu Y, Chu AQ, Ding D, Liang XN, Nasreddine
ZS, Dong Q, Hong Z, Zhao QH, Guo QH (2016) Valida-
tion of the chinese version of montreal cognitive assessment
basic for screening mild cognitive impairment. J Am Geriatr
Soc 64, e285-e290.

[20] Cao B, Zhao B, Wei QQ, Chen K, Yang J, Ou R, Wu Y,
Shang HF (2015) The global cognition, frontal lobe dys-
function and behavior changes in Chinese patients with
multiple system atrophy. PLoS One 10, e0139773.

[21] Kaufmann H, Biaggioni I (2003) Autonomic failure in neu-
rodegenerative disorders. Semin Neurol 23, 351-363.

[22] Goldstein DS, Holmes CS, Dendi R, Bruce SR, Li ST (2002)
Orthostatic hypotension from sympathetic denervation in
Parkinson’s disease. Neurology 58, 1247-1255.

[23] Oppenheimer DR (1980) Lateral horn cells in progressive
autonomic failure. J Neurol Sci 46, 393-404.

[24] Benarroch EE, Schmeichel AM, Parisi JE (2000) Involve-
ment of the ventrolateral medulla in parkinsonism with
autonomic failure. Neurology 54, 963-968.

[25] Fecek C, Nagalli S (2022) Shy drager syndrome. In Stat-
Pearls, StatPearls Publishing LLC, Treasure Island (FL).

[26] Smith GD, Mathias CJ (1996) Differences in cardiovascular
responses to supine exercise and to standing after exercise in
two clinical subgroups of Shy-Drager syndrome (multiple
system atrophy). J Neurol Neurosurg Psychiatry 61, 297-
303.
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