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Abstract

Background and purpose: Stridor treatment in multiple system atrophy (MSA) mainly
comprises tracheostomy or continuous positive airway pressure (CPAP), but guidelines
for the use of these treatments are lacking. The aim of the study was to evaluate the
predictive value of stridor treatment in an MSA cohort.

Methods: This is a retrospective and prospective monocentric cohort study including
MSA patients evaluated at least once a year during the disease course. Stridor was video-
polysomnography confirmed. The time of stridor treatment (CPAP or tracheostomy)
and latency from stridor onset were collected. Survival and predictors of survival were
calculated.

Results: A total of 182 (107 males, mean age at disease onset 57.3 + 8.4 years) MSA pa-
tients were included in the study; 141 were deceased at the time of study. Of the total
sample, 75 patients were diagnosed with stridor: 22 patients were treated with trache-
ostomy and 29 with CPAP, whilst 24 patients did not receive treatment. Treatment with
tracheostomy showed longer survival compared with both treatment with CPAP or no
treatment (incidence rate of death 12 vs. 21 vs. 23 per 100 person-years, respectively).
Tracheostomy remained an independent factor associated with longer survival (hazard
ratio 0.38, p = 0.029), also after adjustment for other confounders and latency for stridor
treatment.

Conclusions: This is the largest monocentric and long-term follow-up study comparing
survival between tracheostomy and CPAP in MSA patients with stridor. Treatment with
tracheostomy showed longer survival compared with both treatment with CPAP or no
treatment. A careful multidisciplinary approach is required for the management of MSA

patients with stridor.
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INTRODUCTION

Multiple system atrophy (MSA) is a progressive neurodegenerative
disorder characterized by a combination of autonomic failure, cer-
ebellar syndrome and poorly levodopa responsive parkinsonism
[1]. The diagnostic criteria define three degrees of certainty for
diagnosis (possible, probable and definite) and two phenotypes—
parkinsonian (MSA-P) or cerebellar (MSA-C)—according to the pre-
dominant feature at the time of evaluation [1]. Mean survival in
MSA ranges from 6.2 to 10 years [2-4]. Causes of death in MSA
commonly include bronchopneumonia, urosepsis or sudden death
that often occurs at night and has been attributed to either bilat-
eral vocal cord paralysis or disruption of the brain-stem cardiore-
spiratory drive [5-7].

Respiratory abnormalities and different sleep-related breathing
disorders are frequently reported in MSA and include snoring, ob-
structive sleep apnoea/hypopnoea syndrome, central sleep apnoea,
stridor, paradoxical breathing, nocturnal tachypnoea, dysrhyth-
mic breathing or irregular patterns and Cheyne-Stokes respiration
[8-13].

Stridor in MSA is a strained, high-pitched, harsh respiratory
sound, mainly inspiratory, caused by laryngeal dysfunction leading
to narrowing of the rima glottidis. It may occur only during sleep or
it may be present during both sleep and wakefulness [14,15]. The
prevalence of stridor in MSA ranges from 12% to 42%, and it might
develop at any time point in the disease process [4,16-22].

Few studies have investigated the role of stridor on survival in
MSA and, because of the heterogeneity in design, method, study
population, MSA diagnostic certainty (clinical vs. autopsy based) and
stridor diagnosis across studies, results on this topic remain contro-
versial [14].

Stridor treatment is based mainly on tracheostomy or contin-
uous positive airway pressure (CPAP), but guidelines for the use
of these treatments in patients with MSA have yet to be estab-
lished and few studies with small sample sizes have analysed the
role of treatment type as a predictor of survival [14]. CPAP as a
non-invasive therapy can be used for mild stridor and initially
eliminated this symptom in almost all patients [14]. One follow-up
study reported high CPAP tolerance and low complication rate
[19], but the long-term symptomatic effect remains unknown [14].
Tracheostomy bypasses upper airway obstruction at laryngeal
level and relieves distressing stridor [23,24]. This treatment option
is effective in the symptomatic control of stridor and is required
when this symptom becomes persistent and severe [14]. The inter-
national consensus on stridor in MSA declared that tracheostomy
might improve survival in patients with stridor and that CPAP can
be useful in the symptomatic control of stridor but it is uncertain if
this treatment improves survival [14]. Therefore, findings on stri-
dor treatment remain inconclusive.

The aim of the present study was to evaluate the predictive value
of stridor treatment in a cohort of patients with MSA comparing tra-
cheostomy and CPAP.

METHODS

This is a retrospective and prospective cohort study including 182
patients with a final diagnosis of MSA, according to international
criteria [1].

In this study 56 patients were recruited from prospective stud-
ies of our department and followed up during the disease course
(BoProPark Study, RFPS2006-7-336374, CE 09070; Natural History
of Multiple System Atrophy, CE 17083; Prognostic predictive value
of autonomic markers during sleep and wakefulness in multiple sys-
tem atrophy, RF-2016-02361597, CE 18056).

Further, 126 individuals attending the Movement and Autonomic
Disorders Clinic of the University of Bologna between 1991 and
October 2017 with a clinical diagnosis of MSA were retrospectively
selected. Only patients evaluated at least once a year during the dis-
ease course were included. Three neurologists expert in movement
disorders (PC, GCB, PG) independently confirmed the diagnosis of
MSA from data available at the last follow-up evaluation according
to international criteria [1]. Data were collected as described previ-
ously [16].

Patients were categorized as probable or possible MSA accord-
ing to the consensus criteria and classified as MSA-P or MSA-C on
the basis of the predominant motor involvement at the time of the
last follow-up visit [1]. Occurrence of other symptoms and signs
(parkinsonism, cerebellar and pyramidal involvement, orthostatic
hypotension, urinary symptoms, stridor and rapid eye movement
sleep behaviour disorder [RBD]) and latency from disease onset
were recorded from clinical history and neurological examination.
Symptoms and signs were categorized as early if presenting within
3 years of disease onset. Timing and latency of the milestones of
disease progression (frequent falls, wheelchair dependence, severe
dysphagia or percutaneous endoscopic gastrostomy, severe dysar-
thria, urinary catheterization) were also recorded. Causes of death
were collected from medical reports, when available. Disease dura-
tion was defined as the interval in years from first symptom onset to
death or to the end of this study.

The following instrumental/laboratory tests were analysed,
when available: (1) brain magnetic resonance imaging or computed
tomography (if magnetic resonance imaging was not possible); (2)
neuropsychological evaluation [25]; (3) video-polysomnography
(VPSG) [12]; (4) head-up tilt test and other cardiovascular reflex tests
[26]; (5) effect of levodopa (if applicable) assessed by (a) a standard-
ized oral levodopa kinetic-dynamic test or (b) improvement of part
Il of the Unified Parkinson's Disease Rating Scale after increasing
levodopa up to 1 g/day [27]; (6) cardiac 12%|-metaiodobenzylguanidin
single-photon emission computed tomography (SPECT); (7) cerebral
123|joflupane SPECT. Stridor and RBD diagnosis required confirma-
tion by VPSG.

Continuous positive airway pressure was introduced as a treat-
ment option for stridor in 2001 in our centre. CPAP, as a non-invasive
therapy, was mostly used as first-line symptomatic therapy for mild

stridor. Tracheostomy was performed in the following conditions:
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presence of wakefulness stridor, immobile vocal cords on laryngos-
copy, failure of CPAP pressure to abolish nocturnal stridor, CPAP de-
vice intolerance or subacute/acute respiratory failure.

Time of stridor treatment (CPAP or tracheostomy) and latency
from stridor onset were collected. For patients treated with CPAP,
tolerability of device and compliance (24 h per night) were col-
lected. After CPAP titration, follow-up VPSG was performed every
6-12 months or if necessary in order to verify the efficacy of CPAP
treatment and to adjust device parameters as appropriate.

Survival data were defined on the basis of time to death from
the first symptom of disease. Patients and/or their relatives were
contacted by telephone and questioned regarding the clinical course
and the time and the cause of death (if applicable) when the patient
missed a clinical evaluation within 12 months.

Ethical standards

The study was conducted in agreement with the principles of good
clinical practice. The study protocol was approved by the local eth-
ics committee of the local health service of Bologna, Italy (Cod. CE
09070, 17093 and 18056). All patients gave written informed con-
sent for study participation.

Statistical analysis

All clinical and polysomnographic variables were collected using an
ad hoc anonymized and standardized form and entered into an ad
hoc database for statistical analysis.

The normality of continuous parameter distributions was
checked using the skewness-kurtosis test. Variables were ex-
pressed as mean + standard deviation (SD) or median along with
interquartile range (IQR), as appropriate. The t test, Wilcoxon rank-
sum test or one-way ANOVA were performed to compare continu-
ous variables as appropriate. Categorical variables were described
by their absolute and/or relative frequencies and compared using
the chi-squared test.

Kaplan-Meier curves were performed to graphically analyse the
overall death survival from disease onset and the log-rank test to
compare survival between patient subgroups. In patients with stri-
dor, Kaplan-Meier curves were used to analyse survival probability
from stridor onset and the log-rank test was performed to compare
survival amongst patient subgroups (stridor patients without treat-
ment, treated with CPAP and treated with tracheostomy).

Preliminary analyses were performed in the stridor subgroup to
identify variables associated with survival. Survival data were de-
fined on the basis of time to death from the first symptom of disease.
Univariate Cox regression analyses were performed studying the
following variables: age at disease onset, sex, predominant clinical
phenotype, first domain of onset (autonomic, parkinsonian, cerebel-

lar), early stridor onset, early RBD onset.

Therefore, to identify whether stridor treatment and type of
stridor treatment were associated with survival, univariate analyses
were performed. Survival data in this analysis were defined from
stridor onset to death. Parameters with a value of p < 0.1 on univar-
iate analysis were entered into the multivariable model.

A p value lower than 0.05 (two-sided) was considered significant.
Statistical analyses were performed using the statistical software
STATA®, version 14.0.

RESULTS

A total of 182 (107 male) patients with MSA were included in the
study: three patients met the consensus criteria for definite MSA,
139 for probable MSA and 40 for possible MSA. Ninety-two patients
were classified as having MSA-C and the other 90 as having MSA-P.
Mean age at disease onset was 57.3 + 8.3 years; mean disease dura-
tion was 7.8 + 3.9 years. At the time of the analysis 141 (77.5%) were
deceased. The most common causes of death were sudden death
(death during sleep, respiratory failure and cardiorespiratory arrest),
bronchopneumonia and urinary infection. The risk of death esti-
mated by Kaplan-Meier analysis (Figure S1) did not differ between
MSA-C and MSA-P patients (log-rank test, p = 0.5128). Demographic
and clinical features of the study sample are shown in Table 1.

Of the total sample, 75 patients were diagnosed with stridor.
Concerning stridor treatment, 22 patients were treated with tracheos-
tomy and 29 with CPAP, whilst 24 patients did not receive treatment.
Amongst patients without treatment two patients did not tolerate CPAP
and refused tracheostomy, nine patients refused any treatment or oto-
rhinolaryngology visit, two patients were recently diagnosed with stridor
and are waiting for CPAP titration, whilst 11 did not receive treatment
for unknown reasons (deceased from 1992 to 1997, missing data).

Amongst patients treated with tracheostomy, four patients were
treated with CPAP before tracheostomy: one did not tolerate CPAP,
three patients were treated with CPAP for a range of 3-9 months
and required tracheostomy (two patients for respiratory failure and
one patient for the occurrence of diurnal stridor).

Demographic and clinical features of the sample with stridor
are shown in Table 2. There was no difference in sex, age at disease
onset, diagnosis certainty (definite, probable, possible), mode of dis-
ease onset, occurrence of evaluated symptoms during the course of
disease, rate of milestones of disease progression, deaths, and per-
centage of early stridor onset and of early RBD onset between the
three groups. Causes of death were well defined only in 32 patients
with stridor (10 patients without treatment, eight patients treated
with tracheostomy and 14 patients treated with CPAP). No signif-
icant differences were found between the three groups (Table 2).

Patients treated with tracheostomy showed a trend toward lon-
ger latency of stridor treatment compared to patients treated with
CPAP (2 [1-3] vs. 1 [0-2] years, respectively, p = 0.0755). Patients
treated with tracheostomy showed a longer disease duration com-
pared to those treated with CPAP or without treatment (5.9 + 2.9 vs.
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TABLE 1 .Demographic and clinical MSA motor subtype
characteristics of the study sample
Total MSA sample MSA-C MSA-P
182 92 90 pvalue®
Sex
Male, n (%) 107 (58.8) 56 (60.9) 51(56.7) 0.565
Female, n (%) 75(41.2) 36(39.1) 39 (43.3)
Age at onset, years 57.29 +8.35 569 +78 57.7 +8.9 0.5440
Disease duration, years 7.79 + 3.86 7.6 +3.9 8.0+3.8 0.4841
Diagnosis certainty
Definite, n (%) 3(1.6) 2(2.2) 1(1.1) 0.788
Probable, n (%) 139 (76.4) 71(77.2) 68 (75.6)
Possible, n (%) 40 (22.0) 19 (20.6) 21(23.3)
Deceased
Yes, n (%) 141 (77.5) 71(77.2) 70(77.8) 0.922
No, n (%) 41 (22.5) 21(22.8) 20(22.2)
Long survival®, n (%) 11 (6.0) 5(5.4) 6(6.7) 0.727
Symptom of disease onset
Autonomic, n (%) 101 (57.4) 51(55.4) 50 (59.5) 0.584
Cerebellar, n (%) 66 (37.5) 62 (67.4) 4 (4.8) <0.001
Parkinsonism, n (%) 60 (34.1) 7(7.6) 53(63.1) <0.001
Milestones of disease progression
Frequent* falls, n (%) 105 (57.7) 50 (54.4) 55(61.1) 0.098
Wheelchair dependence, 107 (58.8) 58 (63.0) 49 (54.4) 0.601
n (%)
Urinary catheterization, 72 (39.6) 37 (40.2) 35(38.9) 0.224
n (%)
Unintelligible speech, n (%) 53(29.1) 29 (31.5) 24 (26.7) 0.759
Severe dysphagia/PEG, 41 (22.5) 20(21.7) 21(23.3) 0.567
n (%)
Stridor, n (%) 75 (41.2) 43(46.7) 32(35.6) 0.311
Stridor at onset, n (%) 10 (5.5) 8(8.7) 2(2.2) 0.055
Latency of stridor onset, 3(1-5) 3(1-5) 4 (3-5.5) 0.0622
years
Disease duration after stridor 3.9 + 2.8 4.6 +2.8 3.2+27 0.0482
onset, years
VPSG-confirmed RBD, n (%) 138(75.8) 73(79.4) 65(72.2) 0.101
Latency of RBD onset, years 0 [(-2)-2] 0[(-2)-2] 0 [(-2)-3] 0.2126

Note: Data are expressed as mean + standard deviation or median (interquartile range). Statistically
significant p values are denoted in bold.

Abbreviations: MSA, multiple system atrophy; MSA-C, multiple system atrophy with predominant
cerebellar phenotype; MSA-P, multiple system atrophy with predominant parkinsonism phenotype;
n, sample size; PEG, percutaneous endoscopic gastrostomy; RBD, rapid eye movement sleep
behaviour disorder; VPSG, video-polysomnography.

“Between C and P.

PDisease duration =15 years.

‘Frequent was defined as at least three falls per year or documentation of frequent or several falls.

3.4 + 2.0 vs. 2.6 + 2.1 years, respectively, p = 0.0002) and a longer
disease duration after stridor treatment compared to those treated
with CPAP (3 [2-5] vs. 2 [1-3] years, p = 0.0068). Kaplan-Meier
curves from stridor onset showed a difference in survival amongst

patients treated with tracheostomy (n = 22), those treated with
CPAP (n = 29) and those without treatment (n = 24) (p = 0.0058, log-
rank test) (Figure 1). This statistical significance was related to the
difference in mortality between patients treated with tracheostomy
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TABLE 2 Demographic and clinical features of the study sample with stridor

Total sample with Treated with Treated with
stridor Number treated tracheostomy CPAP pvalue
75 24 22 29
Men, n (%) 39 (52.0) 10 (41.7) 11 (50.0) 18 (62.1) 0.326
Age at MSA onset, years 55.9+84 54.4+7.0 57.2 +8.2 56.2 +9.6 0.5169
Deceased, n (%) 55(73.3) 18 (75.0) 16 (72.7) 21(72.4) 0.975
Disease duration, years 8.0+ 3.9 77 +4.1 9.3+4.6 7.3+2.5 0.1545
Long survival?, n (%) 6(8.0) 2(8.3) 3(13.6) 1(3.5) 0.413
Diagnosis certainty
Definite, n (%) 2(2.7) 0(0.0) 2(9.1) 0(0.0) 0.084
Probable, n (%) 60 (80.0) 17 (70.8) 18(81.8) 25(86.2)
Possible, n (%) 13(17.3) 7(29.2) 2(9.1) 4(13.8)
MSA subtype
MSA-P, n (%) 32 (42.7) 10 (41.7) 9 (40.9) 13 (44.8) 0.955
MSA-C, n (%) 43(57.3) 14 (58.3) 13(59.1) 16 (55.2)
Symptoms at MSA onset
Parkinsonism, n (%) 17 (22.7) 6(25.0) 3(13.6) 8(27.6) 0.441
Cerebellar, n (%) 23(30.7) 9 (37.5) 7 (31.8) 7(24.1) 0.622
Autonomic, n (%) 49 (65.3) 15 (62.5) 15 (68.2) 19 (65.5) 0.896
Early stridor onset 35(46.7) 10 (41.7) 13 (59.1) 12 (41.4) 0.381
Disease duration after stridor onset, 39+28 26 +2.1 59+29 3.4+20 0.0002
years
Latency for stridor treatment 1(0-3) - 2 (1-3) 1(0-2) 0.0755*
Disease duration after stridor 2 (1-4) - 3(2-5) 2 (1-3) 0.0068*
treatment, years
Symptoms during the course of disease
Parkinsonism, n (%) 66 (88.0) 20(83.3) 20 (90.9) 26 (89.7) 0.688
Cerebellar, n (%) 66 (88.0) 21(87.5) 21(95.5) 24 (82.8) 0.518
Pyramidal signs, n (%) 61(81.3) 21(87.5) 17 (77.3) 23(79.3) 0.660
Urinary urgency/frequency, n (%) 66 (88.0) 22(91.7) 20(90.9) 24 (82.8) 0.752
Urinary retention, n (%) 42 (56.0) 11 (45.8) 13(59.1) 18(62.1) 0.485
Urinary incontinence, n (%) 49 (65.3) 16 (66.7) 18 (81.8) 15(51.7) 0.073
Symptomatic OH, n (%) 61 (81.3) 19 (79.2) 19 (86.4) 23(79.3) 0.913
VPSG-confirmed RBD, n (%) 69 (92.0) 22(91.7) 20(90.9) 27(93.1) 0.909
Milestone of disease progression
Frequent® falls, n (%) 48 (64.0) 15 (62.5) 13(59.1) 20 (69.0) 0.658
Urinary catheterization, n (%) 36(48.0) 10 (41.7) 12 (54.5) 14 (48.3) 0.555
Unintelligible speech, n (%) 25(33.3) 8(33.3) 11 (50.0) 6(20.7) 0.079
Dysphagia/PEG, n (%) 23(30.7) 6(25.0) 10 (45.5) 7 (24.1) 0.187
Wheelchair dependence, n (%) 51 (68.0) 18 (81.8) 17 (58.6) 29 (72.5) 0.161

Note: Data are expressed as n (%), mean + SD or median (interquartile range). Statistically significant p values are denoted in bold (p < 0.05).
Abbreviations: CPAP, continuous positive airway pressure; MSA, multiple system atrophy; MSA-C, multiple system atrophy with predominant
cerebellar phenotype; MSA-P, multiple system atrophy with predominant parkinsonism phenotype; OH, orthostatic hypotension; PEG, percutaneous
endoscopic gastrostomy; RBD, rapid eye movement sleep behaviour disorder; VPSG, video-polysomnography.

?Disease duration 215 years.

PFrequent was defined as at least three falls per year or documentation of frequent or several falls. *Between treatments (Wilcoxon rank-sum test).

and those without treatment (p = 0.0230, log-rank test) and be- 12 per 100 person-years in patients treated with tracheostomy, 21
tween patients treated with tracheostomy and those treated with per 100 person-years in those treated with CPAP and 23 per 100
CPAP (p = 0.0012, log-rank test). The incidence rate of death was person-years in those without treatment.
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FIGURE 1 Kaplan-Meier survival curves for probability of
death (from stridor onset) in MSA patients with stridor without
treatment, treated with tracheostomy and treated with CPAP.
CPAP, continuous positive airway pressure [Colour figure can be
viewed at wileyonlinelibrary.com]

In the univariate Cox regression analyses, patients without treat-
ment showed an increased risk of death compared to those treated
with tracheostomy (hazard ratio [HR] = 2.31, 95% confidence inter-
val [CI] 1.02-5.21, p = 0.045) without differences from those treated
with CPAP (HR = 0.98, 95% Cl 0.44-2.17, p = 0.959). Tracheostomy
reduced the risk of death (HR = 0.33, 95% CI 0.16-0.71, p = 0.04)
compared to treatment with CPAP.

As in the stridor subgroup univariate Cox regression analyses
identified autonomic onset (HR = 1.84,95% Cl 1.01-3.39, p = 0.041),
early stridor onset (HR = 3.17,95% Cl 1.74-5.77,p < 0.001) and early
RBD onset (HR = 19.28, 95% Cl 2.51-47.84, p < 0.001) as factors
associated with survival, a multivariable model was performed.
After adjustment for these confounders and for latency of stridor
treatment, tracheostomy showed a protective effect on survival
compared with CPAP (reference value) showing an HR = 0.38, 95%
Cl10.16-0.90, p = 0.029.

Repeating the multivariate model and considering tracheostomy
as the reference value, CPAP remained an independent predictor of
mortality compared to tracheostomy (HR = 2.63, 95% Cl 1.11-6.26,
p =0.029).

DISCUSSION

This is the largest monocentric and long-term follow-up study
comparing survival between treatment with CPAP and tracheos-
tomy in MSA patients with stridor. Treatment with tracheostomy
showed longer survival compared with both treatment with CPAP
or no treatment (incidence rate of death 12 vs. 21 vs. 23 per 100
person-years, respectively). Both patients without treatment and
patients treated with CPAP showed an increased risk of death in
univariate Cox regression compared to those treated with trache-
ostomy. Tracheostomy remained an independent factor associated

with longer survival (HR = 0.38, p = 0.029) in patients with stridor,
also after adjustment for other confounders (autonomic onset, early
stridor onset, early RBD onset) and although patients treated with
tracheostomy showed a trend toward longer latency for stridor
treatment from stridor onset.

These results, conducted on a larger sample, confirm our previ-
ous retrospective data on 42 MSA patients with stridor suggesting
longer disease duration in patients who had undergone tracheos-
tomy compared with those treated with CPAP [16]. Furthermore,
they demonstrate that this treatment remains an independent pre-
dictor of survival in the multivariable analysis.

Only a single study described the impact on survival of these two
types of stridor treatments in a small sample of MSA patients. In this
study, the authors suggested that CPAP had no effect on survival as
all five patients treated with CPAP died a mean of 2.4 years after the
sleep evaluation, whilst the effect on survival was extremely vari-
able in the four patients receiving tracheostomy (two patients died
1 year after the sleep evaluation and the other 2 patients were alive
1.9 and 7 years later) [18].

Another five studies evaluated the effect of tracheostomy or
CPAP on MSA survival. One study on 49 patients with definite MSA
showed that tracheostomy reduces the risk of death (HR = 0.21,
95% Cl 0.08-0.56, p < 0.01) and sudden death (HR = 0.15, 95% Cl
0.02-0.98, p < 0.05) in MSA [17].

According to one study on 13 MSA patients with stridor receiv-
ing CPAP, this treatment is effective for eliminating stridor during
sleep as treated patients had similar median survival of MSA patients
without stridor (77 vs. 88 months, p = 0.6914) [19]. Sudden death
was subsequently reported in two of 13 patients following CPAP ini-
tiation [28]. These data were confirmed in a recent study reporting
similar survival between the 12 patients who were treated for stri-
dor (93 months) and the 28 patients without any stridor at baseline
(119 months, p = 0.57). In this study patients received fixed CPAP
when stridor was isolated, auto-adjusting CPAP when it was com-
bined with obstructive sleep apnoea, and adaptive servo-ventilation
when combined with central sleep apnoea [29].

Recently, one retrospective study on 139 MSA patients com-
pared the impact of tracheostomy alone and tracheostomy invasive
ventilation (TIV) on survival [30]. In the total sample, tracheos-
tomy was performed in 53 patients, 21 of whom were ventilated.
In this study stridor was clinically assessed at the bedside, trache-
ostomy was performed when the stridor was severe and CPAP
provided insufficient efficacy, and TIV was performed when hy-
poxaemia (SpO, < 90% or PaO, < 60 mmHg) or hypercarbonaemia
(PaCO, > 60 mmHg) was confirmed through saturation monitoring
or blood gas analysis. After propensity score matching analysis, tra-
cheostomy showed a significant prolongation of median survival
compared with no tracheostomy (10.1 vs. 7.5 years, p = 0.001) and
TIV significantly prolonged survival compared with tracheostomy
alone (17.8 vs. 9.2 years, p = 0.023). On Cox regression analysis, the
HR for tracheostomy was 0.35 (95% Cl 0.17-0.68, p = 0.002) and
TIV was 0.22 (95% Cl1 0.07-0.89, p = 0.032) [30]. However, this study
included MSA patients with advanced stage of disease, hospitalized
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until death. In this setting a high rate of MSA patients required TIV
(21/53 patients with tracheostomy). For this reason the findings of
this study are difficult to generalize across all MSA patients and in
particular across those managed in the home setting. Moreover, this
invasive treatment, whose daily duration is not specified in the arti-
cle, severely impacts quality of life, limiting patients’ independence
and mobility and preventing verbal communication.

In our study there was no difference in survival between pa-
tients with stridor treated with CPAP and those without treatment.
As CPAP tolerance could impact these results this confounder was
prevented, considering as CPAP-treated only patients with good ad-
herence (24 h per night) and evaluating CPAP tolerance, compliance
and efficacy during the follow-up. In this subgroup only three of 35
patients with titrated CPAP did not tolerate this treatment and this
result confirmed previous studies focusing on CPAP tolerance and
compliance [19,29].

Tracheostomy could positively impact survival in MSA patients
with stridor compared to CPAP because this treatment bypasses
upper airway obstruction at laryngeal level, relieves distressing stri-
dor and could reduce the risk of sudden death. However, as reported
in previous studies [17], tracheostomy did not prevent sudden death
which, in MSA, could be related to a bilateral vocal cord paralysis
but also to a disruption of the cardiorespiratory drive contributing
to other conditions such as central apnoea, respiratory dysrhyth-
mia, reduced respiratory chemosensitivity and impaired arousal re-
sponses to hypoxia [13].

The objective of the present study was to evaluate the impact
of this treatment on survival of MSA patients with stridor, without
gathering data on quality of life. Tracheostomy could impact quality
of life by reducing patient autonomy and limiting verbal communica-
tion and these aspects should be considered. In our sample, nine pa-
tients refused any treatment and two patients who did not tolerate
CPAP refused tracheostomy. These patients, eligible for tracheos-
tomy, discussed the risks and benefits of this treatment with special-
ists (neurologists, sleep disorder experts, otorhinolaryngologists),
palliative care physicians and their relatives and refused any invasive
treatment (tracheostomy, percutaneous endoscopic gastrostomy,
parenteral nutrition etc.).

The strengths of our study are that all patients were seen and
diagnosed in a single centre, ensuring uniformity of data. Patients
of a retrospective cohort were evaluated at least once a year during
the disease course, instrumental/laboratory tests were performed
during the disease course when specific conditions were suspected
by history or examination, and data were systematically collected.
Moreover, cardiovascular autonomic failure and stridor were instru-
mentally documented.

However, different limits should be discussed. Treatment se-
lection was based on severity of stridor, presence of stridor during
wakefulness, laryngoscopy features and CPAP intolerance and inef-
ficacy. However, the choice was not based on a uniform and stan-
dardized protocol because the study covers a long period of time
(1991-2020). CPAP was introduced as a treatment option for stri-
dor in 2001 in our centre. However, the first studies applying this

treatment, previously used for obstructive sleep apnoea syndrome,
to stridor were published in 2000 [18,31]. Data on causes of death
were collected by talking with relatives when medical records were
not available and were detailed in about half of patients. No differ-
ences in causes of death were found amongst stridor patients with-
out treatment, treated with tracheostomy and treated with CPAP
but, for the small numbers of subjects, this analysis should be taken
with caution. Data on quality of life were not systematically col-
lected at baseline and during subsequent follow-up visits.

Our results demonstrated that tracheostomy improves survival
in MSA patients with stridor compared to CPAP. Considering the
rarity of MSA, a prospective, larger, multicentric, randomized study
should be conducted to provide definitive proof of the benefits of
tracheostomy in MSA patients with stridor. However, the random-
ized nature of the study should be performed with caution and with
rigorous inclusion criteria to guarantee ethical issues as in specific
situations (e.g., bilateral complete vocal cord abduction/restriction
or diurnal stridor) tracheostomy is demanded.

In our experience, a multidisciplinary approach including neu-
rologists and sleep disorder experts, otorhinolaryngologists, phoni-
atrists, anaesthesiologists and palliative care physicians is required
to discuss with eligible patients CPAP/tracheostomy modality, risks/
benefits and follow-up. Moreover, integration amongst specialists,
palliative care physicians, general practitioners, nurses, home carers
and caregivers is recommended to guarantee compliance, prevent
complications and improve the long-term management of these

patients.
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