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Abstract

Background—Neurologic and autonomic presentation in multiple system atrophy (MSA) may

predict early mortality. Quantification of early autonomic failure as mortality predictor is lacking.

Methods—Early neurologic and autonomic clinical features were retrospectively reviewed in 49

MSA cases (median age at onset, 56.1 years; 16 women) confirmed by autopsy at Mayo Clinic.

When available, the 10-point composite autonomic severity score derived from the autonomic

reflex screen provided quantification of the degree of autonomic failure and thermoregulatory

sweat test quantitated body surface anhidrosis.
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Results—Symptoms at onset were autonomic in 50%, parkinsonian in 30%, and cerebellar in

20% of cases. Survival (median [95% confidence interval]) was 8.6 [6.7–10.2] years. Survival was

shorter in patients with early laboratory evidence of generalized (composite autonomic severity

score ≥ 6) autonomic failure (7.0 [3.9–9.8] vs. 9.8 [4.6–13.8] years; P=0.036), and early

requirement of bladder catheterization (7.3 [3.1–10.2] vs. 13.7 [8.5–14.9] years; P=0.003)

compared to those without these clinical features. On Cox proportional analysis, prognostic

indicators of shorter survival were older age at onset (hazard ratio [95% confidence interval], 1.04

[1.01–1.08]; P=0.03), early requirement of bladder catheterization (7.9 [1.88–38.63]; P=0.004)

and early generalized (composite autonomic severity score ≥ 6) autonomic failure (2.8 [1.01–

9.26]; P=0.047). Gender, phenotype, and early development of gait instability, aid-requiring

ambulation, orthostatic symptoms, neurogenic bladder or significant anhidrosis (thermoregulatory

sweat test ≥ 40%) were not indicators of shorter survival.

Conclusions—Our data suggests that early development of severe generalized autonomic

failure more than triples the risk of shorter survival in patients with MSA.
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INTRODUCTION

Multiple system atrophy (MSA) is a progressive fatal neurodegenerative disorder that

frequently starts with autonomic failure.1 Factors predicting survival in patients with MSA

are not fully established and the role of early autonomic failure as a prognostic indicator

remains controversial.2–5 The disagreement may be due to the use of different definitions

based on patient awareness of a variety of urinary and orthostatic symptoms.

Characterization of the severity and distribution of early autonomic failure using validated

quantitative instruments for risk stratification is lacking in MSA.

We therefore conducted a retrospective study to determine (a) the median survival time in

49 patients with MSA confirmed by autopsy and (b) whether there is a difference in

prognosis between subjects by age at onset of disease, gender, clinical phenotype, early

motor disability, or early autonomic failure. Our hypothesis was that early generalized

autonomic failure is an independent risk factor of shorter survival in patients with MSA.

METHODS

Standard protocol approvals, registrations, and patient consents

After approval from the appropriate institutional review board, consenting medical records

were reviewed.

Patients

We performed a retrospective review of the medical records of all 49 patients who had

autopsy-confirmed diagnosis of MSA at the Mayo Clinic according to established

criteria.6, 7 All patients had undergone full neurologic evaluation. Clinical data were

abstracted from systematic chart review in a standardized fashion by only one author (J.F.)
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and included disease onset, phenotype, progression to motor and autonomic disability

endpoints and survival. Laboratory evidence of autonomic failure was abstracted from

autonomic function tests when available. All patients had a negative family history for

Parkinsonism, tremor or ataxia in first degree relatives. Two patients with medical history of

well-controlled diabetes mellitus were not excluded as they did not have clinical evidence of

end-organ damage or peripheral neuropathy.

Disease onset

The onset was defined as the time of first motor (i.e., parkinsonian or cerebellar) or

autonomic (i.e., urinary incontinence, urinary retention, or orthostatic blood pressure

decline) symptom as defined in the consensus criteria of possible MSA.6

Clinical phenotypes

Patients were divided into two clinical phenotypes according to consensus criteria based on

the predominant motor involvement as those with predominant Parkinsonism (MSA-P) and

those with predominant cerebellar involvement (MSA-C).6

Motor disability and stridor

The timing of gait instability and loss of ambulatory independence were used to assess the

degree of early motor progression. Gait instability was defined as frequent falls. Frequent

falls were defined as at least two falls per year or chart documentation of “frequent”,

“several”, or “consistent” falls not attributed to presyncope or syncope as judged by

physician. Loss of ambulatory independence (aid-requiring walking) was defined as use of

cane, walker, or a companion’s arm for support at all times. Stridor not confirmed by

polysomnogram was defined as a very loud, strained sound with higher pitch than snoring

occurring during inspiration recognized by members of the same household when sound was

imitated by physician.

Autonomic phenotype

Time of initial symptoms and signs of autonomic involvement were abstracted from medical

records, when available. Orthostatic hypotension was defined as a drop of 30 mmHg or

more in systolic blood pressure or 20 mmHg or more in the diastolic blood pressure.6

Neurogenic bladder was defined as symptoms of urinary incontinence or retention.

Neurogenic urinary incontinence was defined as 1) urge incontinence not accounted for by

prostate pathology; 2) stress incontinence that failed to improve with bladder suspension

surgery; 3) new or worsening incontinence following urologic surgery; 4) unexplained

incontinence with position changes such as from lying to standing; and 5) enuresis, i.e., full

loss of urine, particularly during sleep. Neurogenic urinary retention was defined as any

difficulty or inability to void 1) not accounted for by structural outflow obstruction; 2) not

responding to prostate resection or other bladder outlet surgery; or 3) requiring placement of

a bladder stimulator

Objective autonomic deficits were abstracted from available Autonomic Reflex Screen and

Thermoregulatory Sweat Testing (TST) and summarized using the Composite Autonomic

Severity Score (CASS). The Autonomic Reflex Screen is routinely used in clinical practice
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and comprises: 1) the Quantitative Sudomotor Axon Reflex Test at proximal and distal

standard sites to assess sympathetic postganglionic sudomotor axon function;8 2) heart rate

responses to deep breathing and the Valsalva maneuver to assess cardiovagal function;9 and

3) beat-to-beat blood pressure responses to the Valsalva maneuver and head-up tilt to assess

sympathetic adrenergic function.10 The Thermoregulatory Sweat Testing assesses the

integrity of central and peripheral sudomotor pathways involved in the thermoregulatory

response to changes in environmental temperature by providing quantitative evaluation of

the proportion of anterior body surface that does not sweat. TST ≥40% indicates moderate-

to-severe anhidrosis and TST=100% indicates complete anhidrosis.11 The Composite

Autonomic Severity Score is a validated instrument for laboratory quantitation of autonomic

failure derived from the Autonomic Reflex Screen and Thermoregulatory Sweat Testing that

has been normalized for the confounding factors of age and sex. It scores autonomic failure

as follows: 1–3, mild and limited; 4–6, moderate; and 7–10, severe and generalized.10 CASS

≥ 6 indicates moderate-to-severe generalized autonomic failure.

Prognostic indicators

Survival was defined based on time to death from first symptom of disease. Potential

predictors of survival that were analyzed included age at first symptom, gender, clinical

phenotype, early motor disability, early stridor, early autonomic manifestations, and early

objective evidence of severe autonomic failure. Early motor disability was defined as

presence of gait instability (frequent falls) or loss of ambulatory independence (aid-required

walking) within three years of disease onset. Stridor was categorized as early if present

within three years of disease onset. Early autonomic manifestation was defined as

development of orthostatism (presyncope, syncope or evidence of orthostatic hypotension)

or neurogenic bladder (symptoms of urinary incontinence or retention) within one year of

disease onset. Early evidence of severe autonomic failure was defined as presence of severe

neurogenic bladder (need for bladder catheterization), moderate-to-severe widespread

anhidrosis (TST ≥ 40%), or laboratory evidence of moderate-to-severe generalized

autonomic failure (CASS ≥ 6) within three years of disease onset.

Statistical analyses

Data were entered into a database for statistical analysis. Continuous variables were

expressed as median [interquantile range (IQR) or 95% confidence interval (CI)]. Wilcoxon

rank-sum test was used to compare continuous variables for different subgroups. The

frequency of clinical features between subgroups was analyzed with Fisher’s exact test.

Kaplan-Meier curves were used to graphically analyze the interval in years from first

symptom onset to death and expressed as median values. Log-rank test statistics were used

to determine whether Kaplan-Meier transition curves differed among subgroups. Cox

proportional hazards models were used to calculate univariate hazard ratios for shorter

survival using age at disease onset as continuous variable and gender, clinical phenotype and

early development of neurologic and autonomic manifestations as categorical variables. The

hazard ratios of severe autonomic manifestations were adjusted for age at disease onset.

Statistical significance was defined at P<0.05. Statistical analyses of data were performed

with JMP version 9.0.1.
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RESULTS

Patient characteristics

The group consisted of 33 men and 16 women (Table 1). Median age at onset was 56.1

[IQR, 50.5–60.9] years. Autonomic symptoms were the first manifestations in 50% (23/47)

of patients and preceded motor onset by 3.3 [IQR, 1.0–6.6] years. Among those with motor

onset, the latency from motor onset to autonomic symptoms was 1.9 [IQR, 0.9–3.3] years.

The predominant clinical phenotype was MSA-P in 65% (32/49) and MSA-C in 35%

(17/49). Table 1 shows baseline characteristics and the distribution of potential prognostic

indicators. Latencies from consensus onset to autonomic manifestations according to early

vs. non-early autonomic status were: orthostatism, 0.4 [IQR, 0.3–0.8] vs. 2.5 [IQR, 1.8–5.6]

years; bladder symptoms, 0.1 [IQR, 0.1–0.5] vs. 2.8 [IQR, 1.6–3.9] years; bladder

catheterization, 2.5 [IQR, 1.5–2.9] vs. 4.4 [IQR, 3.4–8.2] years.

Outcome and risk factors

Survival was calculated on 46 out of 49 patients as age at disease onset was not available on

the following three patients: one male with MSA-P, one male with MSA-C and one female

with MSA-P. On Kaplan-Meier survival analysis, the median duration of illness from

symptom onset to death was 8.6 (95% CI, 6.7–10.2) years. There were no differences in the

median survival time between those with MSA-P (9.2 [95% CI, 5.7–11.6] years; n=30) and

MSA-C (8.6 [95% CI, 7.5–12.9] years; n=16; P=0.708) (Figure 1). Patients with early

laboratory evidence of severe generalized autonomic failure (CASS≥6) had shorter median

survival time (5.7 [95% CI, 3.9–9.8] years, n=13) compared to those without this

manifestation (9.8 [95% CI, 4.6–13.8] years; n=8; P=0.036). Median survival was also

reduced among those who required bladder catheterization early in the disease (7.3 [95% CI,

3.1–10.2] years, n=8) compared to those who did not (13.7 [95% CI, 8.5–14.9] years, n=14;

P=0.003) (Figure 2).

Survival was not affected by gender (females, 9.8 [95% CI, 4.6–12.5] years vs. males, 8.5

[95% CI, 5.7–10.2] years; P=0.812; [ n=15 vs. n=31]) or early development of frequent falls

(7.5 [95% CI, 3.9–8.8] vs. 10.0 [95% CI, 8.2–12.9] years; P=0.066; [n=11 vs. n=24]); loss

of walking independence (8.8 [95% CI, 3.1–13.5] vs. 8.2 [95% CI, 5.2–9.5] years; P=0.831;

[n=7 vs. n=21]); manifestation of orthostatic hypotension (8.4 [95% CI, 5.2–11.3] vs. 8.6

[95% CI, 6.1–12.9] years; P=0.450; [n=13 vs. n=18]); bladder symptoms (8.5 [95% CI, 4.6–

12.5] vs. 9.7 [95% CI, 7.5–13.5] years; P=0.481; [n=15 vs. n=22]); or moderate-to-severe

anhidrosis (TST anhidrosis ≥40%) (6.4 [95% CI, 3.1–11.3] vs. 8.5 [95% CI, 3.9–12.9] years;

P=0.641; [n=8 vs. n=7]. The median survival after onset of stridor (n=6) was 6.3 [IQR, 3.6–

10.9] years and ranged from 2.1 to 16.6 years. The small number of patients in whom we

were able to define presence or absence of stridor did not allow for comparison of Kaplan-

Meier survival curves.

On Cox proportional survival analysis, the hazard ratio of shorter survival was significantly

higher with increasing age at disease onset (P=0.03), early need for bladder catheterization

(P=0.06) and early laboratory evidence of generalized autonomic failure (P=0.03) (Table 2).

After adjusting for age at onset, hazard ratios of shorter survival remained significantly high
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for early need for bladder catheterization (P=0.02) and early laboratory evidence of

generalized autonomic failure (P=0.047). There was no significant difference in survival by

gender, clinical phenotype, and status for early manifestations of orthostatic hypotension,

neurogenic bladder, gait instability, laboratory evidence of moderate-to-severe anhidrosis,

and loss of ambulatory independence. The small number of patients in whom we were able

to define presence or absence of stridor did not allow for Cox proportional survival analysis

(Table 2).

DISCUSSION

The most relevant findings are that: 1) autonomic involvement starts early in a substantial

proportion of patients with MSA; and 2) both development of severe and generalized

autonomic failure at early stages of disease and older age at onset predict shorter survival.

Our study confirms that generalized autonomic failure is predictive of MSA diagnosis12 and

provides evidence that the severity of early autonomic involvement might actually be an

important predictor of survival. The frequency of early autonomic involvement and its

impact on survival in MSA is in agreement with prior reports.2, 4, 5, 13–20 Differences in

ascertaining autonomic failure may account for discrepancies in the role of the autonomic

involvement as a prognostic indicator in MSA.17

Higher age at onset associated with shorter survival is consistent with previous

reports.5, 13, 14, 16, 21 Gender, and clinical phenotypes (MSA-P vs. MSA-C) did not

differentially affect survival in our patients, as previously reported in one study5 but

contrasting with others.13, 14, 16, 21 Differences in study populations, diagnostic certainty

(clinical vs. autopsy-based), and selection bias may account for these discrepancies. Early

and severe motor involvement did not increase mortality in our study population. A similar

study found that despite increase in morbidity, early motor progression did not result in

premature death.5 Nocturnal stridor is considered a predictor of poor prognosis in MSA.22

Due to the retrospective nature of our study it was difficult to ascertain presence of stridor

from chart review using our study definition. Hence, our data on stridor was limited to draw

statistically and clinically significant conclusions regarding its prognostic role.

An association between early development of severe urinary retention and shorter survival

was observed in our patients. In a prior study, up to 25% of MSA patients died of

complications related to recurrent and intractable lower urinary tract infections.23 Early

development of recurrent urinary infections with or without kidney damage due to

vesicoureteral reflux could be one potential explanation for the increased mortality observed

in our study. Among patients with MSA, urinary retention due to detrusor underactivity

tends to follow development of urinary incontinence due to detrusor overactivity.24 An

association between urinary incontinence due to detrusor overactivity, loss of medullary

serotonergic neurons and nocturnal hypoxia has been reported in MSA.25 It is possible that

detrusor overactivity might have preceded the early development of detrusor underactivity in

our patients, and that the loss of medullary serotonergic neurons and development of

nocturnal hypoxia, both associated with increased risk of sudden death, might have already

occurred by the time they needed early bladder catheterization.
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Early moderate-to-severe generalized autonomic failure as defined by CASS ≥ 6 was a risk

factor for mortality. The mechanism of the relationship between generalized autonomic

failure and mortality is not clear. Sudden death during sleep is a major mechanism of

mortality in patients with MSA.17, 26, 27 Severe depletion of medullary serotonergic neurons

is a distinct pathological finding in MSA patients with autonomic failure, neurogenic

bladder and sleep apnea.28 An association between autonomic failure, medullary

serotonergic loss and sudden death has been implicated as a mechanism of poor prognosis in

MSA.4, 29 Among autopsy cases, a more severe depletion of serotonergic neurons has been

reported in those who succumbed to sudden death.29 The medullary serotonergic neurons

modulate the micturition reflex30 and are central respiratory chemosensors that participate in

the regulation of arousal, respiratory rhythmogenesis and ventilatory response to hypoxemia

and hypercarbia.31 They are also involved in sympathetically-mediated thermoregulation.32

Hence, early bladder dysfunction as well as early severity of autonomic failure may reflect a

more severe loss of serotonergic neurons that participate in autonomic regulation and

respiratory chemosensitivity. Early involvement of serotonergic systems, potentially

increases the risk of sudden nocturnal death by impairing arousal, and respiratory and

autonomic responses to nocturnal stressors to maintain tissue oxygenation during sleep

This study has several limitations. First, the use of data from autopsy cases may bias our

analysis toward more severe cases. Second, much of the clinical data were obtained via the

history recorded in the chart at the time of the neurologic evaluations. This may result in

bias due to poor patient recall. Third, we did not have enough power to analyze stridor due

to the retrospective nature of the study. Finally, data on causes of death were not available

on most of our patients. However, reported causes could have been inaccurate as shown in a

previous study on the quality of death certification in atypical parkinsonian disorders.33

In summary, as autonomic involvement is frequent during early stages of MSA, and its

severity is a robust predictor of shorter survival, well standardized tests that allow

quantification of severity and distribution of autonomic involvement early in the disease are

useful for predicting survival prognosis and planning of novel neuroprotective treatment

trials for MSA.
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Figure 1.
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Kaplan-Meier survival curves for probability of dying A) in all patients with MSA (n=49);

and B) in patients with MSA-P (n=30) compared to those with MSA-C (n=16) (P=0.70) (–
MSA-P; - - MSA-C).
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Figure 2.
Comparison of Kaplan-Meier curves for the probability of dying between patients who

developed A) early requirement of bladder catheterization (within 3 years of disease onset;

P=0.003) (– yes; - - no); B) early severe thermoregulatory anhidrosis (%TST > 40

anhidrosis within 3 years of disease onset; P=0.641) (– yes; - - no); and C) early laboratory

evidence of generalized autonomic failure (CASS ≥ 6 within 3 years of disease onset;

P=0.036) (– yes; - -no).
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Table 1

Patient characteristics (n=49)

Characteristic Value

Male, % (n/n) 67% (33/49)

Age at onset, median [IQR], years 56.1 [50.5 – 60.9]

Age at death, median [IQR], years 65.7 [58.9 – 70.4]

Disease duration, median [IQR], years 8.6 [5.7 – 12.9]

Predominant motor phenotype

 MSA-P, % (n/n) 65 (32/49)

 MAS-C, % (n/n) 35 (17/49)

Initial manifestation

 Autonomic, % (n/n) 50 (23/47)

 Parkinsonism, % (n/n) 30 (14/47)

 Cerebellar, % (n/n) 20 (10/47)

Early motor disability

 Frequent falls (≤ 3 years from onset), n/n 11/35

 Aid-requiring walking (≤ 3 years from onset), n/n 7/28

Early respiratory impairment

 Stridor (≤ 3 years from onset), n/n 4/6

Early autonomic failure

 Orthostatism (≤ 1 year from onset), n/n 13/31

 Bladder symptoms (≤ 1 year from onset), n/n 15/37

 Bladder catheterization (≤ 3 years from onset), n/n 8/22

 TST anhidrosis ≥ 40% (≤ 3 years from onset), n/n 8/15

 CASS ≥ 6 (≤ 3 years from onset), n/n 13/21

Age at disease onset was available in 46 out of 49 patients. Frequent falls were defined as at least 2 falls per year or documentation of “frequent”,
“several”, or “consistent” falls not attributed to orthostatism. Orthostatism was defined as history of presyncope/ syncope or evidence of orthostatic
hypotension. CASS, composite autonomic severity score (CASS ≥ 6 indicates laboratory evidence of severe generalized autonomic failure); MSA-
P, parkinsonian type MSA; MSA-C, cerebellar type MSA; TST, thermoregulatory sweat test (anhidrosis is reported as percentage of body surface
not sweating; TST anhidrosis ≥ 40% indicates moderate-to-severe anhidrosis)
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