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Abstract A pathological nocturnal blood pressure (BP)

profile, either non-dipping or reverse dipping, occurs in

more than 50 % of subjects diagnosed with multiple sys-

tem atrophy (MSA) or Parkinson’s disease (PD). This may

play a negative prognostic role in a-synucleinopathies, but,

being mostly asymptomatic, remains largely underdiag-

nosed. In this proof-of-concept study, we aimed at devel-

oping a decision-support algorithm to predict pathological

nocturnal BP profiles during a standard tilt-table exami-

nation in PD and MSA. Sixteen MSA and 16 PD patients

underwent standard tilt-table examination and 24-h ambu-

latory BP monitoring (24-h ABPM). Clinical and tilt test

differences between patients with a normal and a patho-

logical nocturnal BP profile at 24-h ABPM were assessed,

and a decision-support algorithm was developed accord-

ingly. 75 % of MSA and 31 % of PD patients showed a

pathological nocturnal BP profile. This was associated with

more pronounced orthostatic BP drop (p = 0.03), joint

occurrence of orthostatic hypotension and supine hyper-

tension (p = 0.046), and lack of BP overshoot in the late

phase II (II_L, p = 0.002) and in the phase IV (p = 0.007)

of the Valsalva manoeuvre. Combined DBP B0.5 mmHg

in the II_L and B-7 mmHg in the IV phase of Valsalva

manoeuvre correctly predicted a pathological nocturnal BP

profile with 87.5 % sensitivity and 85.7 % specificity.

Pathological nocturnal BP profiles are associated with

evidence of cardiovascular noradrenergic failure in PD and

MSA. The Valsalva manoeuvre is routinely performed

during standard tilt-table examinations. We propose the

naked-eye evaluation of Valsalva phase II_L and phase IV

BP behaviour as time-sparing screening tool for patho-

logical nocturnal BP profiles in PD and MSA.
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Abbreviations

24-h ABPM 24-h ambulatory blood pressure monitoring

II_E Early phase II of the Valsalva manoeuvre

II_L Late phase II of the Valsalva manoeuvre

BP Blood pressure

HR Heart rate

OH Orthostatic hypotension

PD Parkinson’s disease

MSA Multiple system atrophy

SH Supine hypertension
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Introduction

Orthostatic hypotension (OH) is the most frequent clinical

feature of cardiovascular autonomic failure in parkinsonian

syndromes, its prevalence reaching 50 % in Parkinson’s

disease (PD) [1] and 75 % in multiple system atrophy

(MSA) [15]. In approximately half of the cases, OH can be

accompanied by moderate to severe supine hypertension

(SH) [13, 20, 28], in particular during night rest (the so-

called nocturnal hypertension), occasionally producing true

hypertensive crises [25]. The diagnostic gold standard for

detecting nocturnal hypertension is 24-h ambulatory blood

pressure (BP) monitoring (24-h ABPM). Although specific

cut-off values to diagnose nocturnal hypertension in

patients with cardiovascular autonomic failure are missing

at present, current consensus guidelines define two main

pathological nocturnal BP profiles, named as non-dipping

and reverse dipping, respectively [30] (see Fig. 1). A non-

dipping profile is characterised by a nocturnal BP reduction

lower than 10 % with respect to daytime values, whereas a

reverse dipping occurs if BP increases during night time

[30]. Though often asymptomatic or only manifest with

vague complaints of fatigue and dizziness, the co-occur-

rence of OH and nocturnal hypertension has been recently

suggested to play a negative prognostic role on survival,

cognitive, cardio- and cerebrovascular outcome in parkin-

sonian syndromes [3, 6, 14, 21, 22].

A tilt-table evaluation is routinely performed to assess

OH in parkinsonian patients with orthostatic complaints.

However, a time-consuming 24-h ABPM for the evaluation

of circadian BP profile is rarely added to the initial

screening protocol. This results in under diagnosis and sub-

optimal treatment of nocturnal hypertension in parkinso-

nian syndromes.

In the present proof-of-concept study we aimed at

developing a decision-support algorithm, based on car-

diovascular autonomic function parameters recorded dur-

ing a standard tilt-table examination, with which to identify

PD and MSA patients at risk for nocturnal hypertension,

who may benefit from a 24-h ABPM screening.

Methods

Study population

Sixteen consecutive MSA and 16 age- and disease dura-

tion-matched PD patients with orthostatic BP complaints

referring to the movement disorders outpatients’ clinic of

our institution between February 2011 and October 2011

were included. Clinical diagnoses were based on the cri-

teria of the 2nd consensus statement for probable MSA [9],

and on the UK PD society criteria for probable PD [11].

Exclusion criteria were: (1) other major neurologic, psy-

chiatric or cardiovascular disorders; (2) diabetes mellitus;

(3) connective tissue disorders; (4) amyloidosis; (5) cancer

in the past 10 years; (6) Fever or diarrhoea in the 2 weeks

preceding the tilt-table evaluation; (7) changes of the

pharmacological therapy in the 6 weeks preceding the tilt-

table evaluation. The study was approved by the Ethical

Committee of the Santa Lucia Foundation in Rome and

performed according to the Declaration of Helsinki.

After giving informed consent, all patients underwent

clinical interview for collection of clinic-epidemiological

characteristics and a complete neurological examination. L-

dopa equivalent daily dosage was calculated according to

the scheme provided by Tomlinson et al. [31].

Tilt-table evaluation and 24-h ABPM

All patients underwent a standard tilt-table battery and a

24-h ABPM. On the day of tilt-table evaluation, patients

were invited not to drink any coffee, tea or taurine-con-

taining beverages and to have their meals at least 2 h

before the scheduled examination. The tilt-table battery

was performed in a quiet setting, with mean 22 �C room

temperature, following standardised protocols as described

elsewhere [18]. Briefly, heart rate (HR) and BP were

continuously monitored by means of non-invasive beat-to-

beat BP recording and impedance cardiography (Task

Force� Monitor, CNSystems 2007). Patients were pas-

sively tilted up to 60� for 10 min, after lying for 10 min

in the supine position. Oscillometric BP measurements

were performed at the 10th min of the supine phase and

repeated 1, 3 and 10 min after head-up tilting. SH was

defined according to the America Heart Association cri-

teria (C140 mmHg systolic or C90 mmHg diastolic) [4]

and OH was diagnosed according to the consensus state-

ment [7]. After hemodynamic parameters reached again

the pre-tilt steady state, metronomic breathing at 6 cycles/

min for 2 min and the Valsalva manoeuvre (blowing into

a mouthpiece for 15 s at an expiratory pressure of

40 mmHg––3 trials with 60 s interval in between) were

performed. Ewing’s indexes of cardiac parasympathetic

function (e.g. DHRmax/DHRmin ratio, deep breathing

ratio and Valsalva ratio) were calculated by a trained

examiner (A.F.) and adjusted for age according to the

norm values provided by Low et al. [18]. BP contra

regulatory behaviour during the late phase II (II_L) and

phase IV of the Valsalva manoeuvre were also evaluated

as further indexes of vascular noradrenergic failure [10,

32]. These were calculated as follows: DBP Valsalva

II_L = mean BP in the late phase II (II_L) - mean BP in

the early phase II (II_E); DBP Valsalva IV = mean BP in

the phase IV - mean BP in the phase I (see also Fig. 2).

For the calculation of the Valsalva ratio and BP counter
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regulatory behaviour during phase II_L and phase IV of

the Valsalva manoeuvre, the best performed trial among

the 2nd and the 3rd one was chosen. Valsalva manoeuvres

were not considered for further analysis, if the patient was

not able to reach an expiratory pressure of 40 mmHg or if

cardiac extrasystole occurred during the execution of the

task.

Twenty-four hours ABPM was performed using auto-

mated BP-recording instruments (Norav Medical GmbH,

Wiesbaden, Germany), programmed to measure the BP every

Fig. 1 Possible nocturnal BP

profiles at 24-h ABPM.

a Dipping (BP falls C10 % with

respect to daytime), b non-

dipping (BP falls \10 % with

respect to daytime), c reverse

dipping (BP increases with

respect to daytime)
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15 min during daytime and every 30 min overnight. Subjects

were instructed not to lift or move the arm during the mea-

surements, not to practice excessive physical exercise and to

document meal, night rest and other daily activities with

relative time schedules on a pre-formatted diary. Artefact BP

records (defined as systolic BP\50 mmHg/[250 mmHg or

diastolic \30 mmHg/[150 mmHg [26]) were excluded.

24-h ABPM containing\5 % of BP artefacts were consid-

ered for further analysis. Nocturnal BP profiles were cate-

gorised according to consensus guideline [30] as ‘‘dipping’’ if

mean BP fall overnight was[10 % to daytime values, ‘‘non-

dipping’’ if mean nocturnal BP was between 0 and 10 %

lower than daytime values, and ‘‘reverse dipping’’ if over-

night BP measurements were higher than daytime ones.

Statistical analysis

In the first step, median values (1st quartile; 3rd quartile) of

clinical, tilt-table and 24-h ABPM parameters were calculated.

For descriptive purposes, a comparison between the PD and

MSA group was run applying the Mann–Whitney U test for

quantitative variables, and Pearson’s v2 test (or the Fisher’s

exact test, where appropriate) for categorical variables. Sub-

sequently, the whole study population was sorted into two new

categories, according to the presence of a normal (dipping) or a

pathological (either non-dipping or reverse dipping) nocturnal

BP profile and a renewed inter-group comparison of clinical

and tilt-table parameters was performed using the same

methodology. Finally, the tilt-table parameters displaying the

most significant difference between the normal and patho-

logical nocturnal BP group were selected and a regression tree

algorithm (CART) with fivefold cross-validation methodology

was developed to predict a pathological nocturnal BP profile in

PD and MSA. Statistical analysis was performed by means of

SPSS�, version 20.0. p values\0.05 were considered statis-

tically significant.

Results

Study population

There were no differences as to gender, age and disease

duration between PD and MSA patients (Table 1). MSA

Fig. 2 Heart rate (HR) and BP

behaviour during Valsalva

manoeuvre, phase I–IV.

a normal finding, with BP

overshoots in phase II_L and

phase IV (arrows).

b pathological finding, with BP

falls in phase II_L and phase IV
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patients had significantly higher Hoehn and Yahr stage

scores (p = 0.001) and were under higher, though not

statistically significant, L-dopa equivalent daily dosage.

There was no difference as to use of vasoactive medica-

tions (either anti-hypertensive or anti-hypotensive)

between PD and MSA.

Tilt-table evaluation and 24-h ABPM in PD and MSA

At head-up tilt-table examination, SH was identified in

31 % MSA and 19 % PD patients, respectively (Table 2).

After 3 min head-up tilting, OH developed in 50 % of

MSA and 25 % of PD cases. Joint occurrence of SH and

OH was observed more frequently in MSA with respect to

PD (31 vs. 0 %, p = 0.043). At Ewing’s battery, age-

adjusted pathological DHRmax/DHRmin (p = 0.043) and

Table 1 Clinical features

MSA PD p

n 16 16 –

Sex (female:male) 4:12 5:11 0.694

Age (year) 65 (56; 75) 68 (62; 71) 0.895

Disease duration (years) 5.5 (3, 5; 7) 4 (3; 3.5) 0.196

Hoehn and Yahr stage 3 (2.5; 4) 2.5 (2; 3) 0.001

L-Dopa equivalent daily

dose (mg)

605 (300; 950) 317 (280; 505) 0.199

Anti-hypotensive

medications (%)

3 (19) 0 (0) 0.069

Anti-hypertensive

medications (%)

8 (50) 4 (25) 0.144

If not otherwise specified, data are reported in median (1st quartile;

3rd quartile)

Statistically significant result is highlighted in bold

Table 2 Tilt-table examination

and 24-h ABPM in PD and

MSA

If not otherwise specified, data

are reported in median (1st

quartile; 3rd quartile)

Statistically significant results

are highlighted in bold

HR heart rate, sys BP systolic

blood pressure, dia BP diastolic

blood pressure, SH supine

hypertension, OH orthostatic

hypotension, DB deep breathing

MSA PD p

Tilt-table examination

n 16 16 –

Supine sys BP (mmHg) 126 (100; 144) 121 (111; 128) 0.462

Supine dia BP (mmHg) 81 (65;89) 77 (67; 80) 0.664

D sys BP after 3 min tilting (mmHg) -18 (-35; ?5) ?2 (-21; ?13) 0.105

D dia BP after 3 min tilting (mmHg) -8 (-26; ?8) ?5 (-4; ?9) 0.09

SH, n (%) 5 (31) 3 (19) 0.685

OH, n (%) 8 (50) 4 (25) 0.273

OH only, n (%) 3 (19) 4 (25) 1.000

SH only, n (%) 0 (0) 3 (19) 0.226

SH ? OH, n (%) 5 (31) 0 (0) 0.043

Ewing’s tests

Pathological DB ratio, n (%) 11 (69) 4 (25) 0.032

Pathological DHRmax/DHRmin, n (%) 5 (31) 0 (0) 0.043

Pathological Valsalva Ratio, n (%) 1 (7) 0 (0) 0.484

D BP Valsalva II_L (II_L-II_E; mmHg) -5 (-12; ?1) -1 (-12; ?1) 0.708

D BP Valsalva IV (IV–I; mmHg) -10 (-14; -1) -10 (-14; ?5) 0.575

24-h ABPM

Daytime mean HR (n/min) 81 (74; 88) 80 (72; 84) 0.497

Daytime mean sys BP (mmHg) 130 (119; 136) 126 (120; 135) 0.533

Daytime mean dia BP (mmHg) 78 (73; 86) 71 (70; 85) 0.156

Nocturnal mean HR (n/min) 73 (65; 82) 63 (56; 69) 0.004

Nocturnal mean sys BP (mmHg) 124 (115; 138) 112 (100; 119) 0.006

Nocturnal mean dia BP (mmHg) 74 (69; 80) 65 (58; 72) 0.003

Diurnal hypertension, n (%) 8 (50) 4 (25) 0.273

Nocturnal hypertension, n (%) 8 (50) 1 (6) 0.015

Nocturnal BP profile

Dipping, n (%) 4 (25) 11 (69) 0.008

Non-dipping, n (%) 6 (37.5) 4 (25) –

Reverse, n (%) 6 (37.5) 1 (6) –
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deep breathing (p = 0.032) ratios were observed more

frequently in MSA than in PD. The Valsalva manoeuvre

was performed correctly by 30 patients (1 MSA and 1 PD

patient were not able to execute the task) and no significant

difference was observed in the frequency of pathological

Valsalva ratios and BP variation in the II_L and IV phases

of the manoeuvre between PD and MSA.

All 24-h ABPM of the study patients fulfilled the quality

standard to be considered for statistical analysis. There were

no significant differences between PD and MSA patients as to

mean HR, systolic and diastolic BP during daytime (Table 2).

Conversely, a higher mean HR (p = 0.004), systolic BP

(p = 0.006) and diastolic BP (p = 0.003) were observed in

MSA patients with respect to PD ones overnight. A patho-

logical nocturnal BP profile occurred in 75 % of MSA

patients and 31 % of PD ones (p = 0.008). A non-dipping

profile was observed in 37.5 and 25 % of MSA and PD cases,

respectively, while a reverse dipping was present in 37.5 %

(MSA) and 6 % (PD).

Clinical and tilt-table associations of pathological

nocturnal BP profiles

After sorting the study population according to nocturnal

BP profile at 24-h ABPM, we found no difference between

the normal (dipping) and the pathological (non-dipping and

reverse dipping) nocturnal BP group with regard to gender,

age, disease duration, Hoehn and Yahr stage, L-dopa

equivalent daily dosage or use of anti-hypotensive medi-

cations. A significant association between MSA diagnosis

and a pathological nocturnal BP profile was observed

(p = 0.032).

As to tilt-table parameters, more pronounced systolic

(p = 0.03) and diastolic (p = 0.027) BP fall after 3 min of

head-up tilting, as well as the presence of OH according to the

consensus criteria (p = 0.001), were significantly associated

with a pathological nocturnal BP profile. Also, the joint

occurrence of OH and SH (p = 0.046), but not of SH alone,

was positively associated with a pathological nocturnal BP

profile. Finally, a significant association was observed

between lack of BP overshoots in the phase II_L (p = 0.002)

and phase_IV (p = 0.007) of the Valsalva manoeuvre and the

occurrence of a pathological nocturnal BP profile (Table 3).

How to predict a pathological nocturnal BP profile

from a tilt-table examination: a decision-support

algorithm

Given the significant difference between the normal and

the pathological nocturnal BP profile groups, the DBP

Table 3 Clinical and tilt test

associations of nocturnal BP

profiles (normal vs. non-dipping

and reverse dipping) in PD and

MSA

If not otherwise specified, data

are reported in median (1st

quartile; 3rd quartile)

Statistically significant results

are highlighted in bold

Sys BP systolic blood pressure,

dia BP diastolic blood pressure,

SH supine hypertension, OH

orthostatic hypotension

Normal nocturnal

BP profile

Pathological nocturnal

BP profile

p

Clinical features

n 15 17 –

Neurological diagnosis, MSA:PD (%) 4:11 (27:73) 12:5 (71:29) 0.032

Sex, female:male (%) 6:9 (40:60) 3:14 (18:82) 0.243

Age (year) 65 (60; 69) 68 (60; 76) 0.737

Disease duration (year) 4 (3; 5) 6 (3; 8) 0.082

Hoehn and Yahr stage 2.5 (2; 3) 3 (2.5; 4) 0.058

L-dopa equivalent daily dose (mg) 505 (305; 680) 358 (270; 1,015) 0.576

Anti-hypotensive medications, n (%) 0 (0) 3 (18) 0.229

Anti-hypertensive medications, n (%) 3 (20) 9 (53) 0.076

Tilt test

Supine sys BP (mmHg) 124 (120; 131) 115 (99; 136) 0.551

Supine dia BP (mmHg) 79 (69; 84) 70 (63; 85) 0.551

D sys BP after 3 min tilting (mmHg) 4 (-16; ?12) -22 (-35; ?10) 0.03

D dia BP after 3 min tilting (mmHg) 7 (-1; ?9) -7 (-22; ?6) 0.027

SH, n (%) 3 (20) 5 (29) 0.691

OH, n (%) 1 (7) 11 (65) 0.001

OH only, n (%) 1 (7) 6 (35) 0.088

SH only, n (%) 3 (20) 0 (0) 0.092

SH ? OH, n (%) 0 (0) 5 (29) 0.046

D BP Valsalva II_L (II_L–II_E), (mmHg) 1 (-6; ?18) -7 (-12; -2) 0.002

D BP Valsalva IV (IV–I) (mmHg) -4 (-10; ?7) -11 (-16; -8) 0.007

Ewing’s Score (sum of pathological Ewing’s tests) 0 (0; 1) 1 (0; 2) 0.089
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values of the II_L and IV phase of the Valsalva manoeuvre

(n = 30) were selected to develop a two-step decision-

support algorithm to predict a pathological nocturnal BP

profile in PD and MSA. As illustrated in Fig. 3, a combined

DBP B0.5 mmHg in the II_L and B-7 mmHg in the IV

phase of Valsalva manoeuvre correctly predicted a patho-

logical nocturnal BP profile at 24-h ABPM, with a 87.5 %

(95 % CI = 62–98 %) sensitivity and 85.7 % (95 %

CI = 57–98 %) specificity.

Discussion

Pathological nocturnal BP profiles have been identified in

50 % of PD and MSA patients by mean of 24-h ABPM in

previous studies [8, 23, 24, 26, 27], and may be even more

frequent in subjects with severe cardiovascular autonomic

failure [24], or in older and more advanced cases [2]. In our

cohort, a pathological nocturnal BP profile was

significantly associated with MSA diagnosis. This probably

reflects the more severe autonomic failure occurring in

MSA with respect to idiopathic PD [17]. Such hypothesis is

further supported by the higher prevalence of combined

OH and SH, as well as by the worse performance at

Ewing’s tests observed in MSA compared to PD patients.

As in the aforementioned studies [2, 8, 24, 26, 27], we

observed a clear association between the presence of OH

(either systolic, diastolic or both), and a pathological noc-

turnal BP profile at 24-h ABPM. Moreover, in our cohort, a

pathological nocturnal BP profile was positively associated

with lack of the physiological BP overshoots (Fig. 2) in the

II_L and IV phase of the Valsalva manoeuvre. The asso-

ciation between OH, lack of phase II_L and phase IV BP

overshoots of the Valsalva manoeuvre and pathological

nocturnal BP profiles at 24-h ABPM provides interesting

insights into the debated pathophysiology of nocturnal

hypertension in the context of cardiovascular autonomic

failure [20]. In parkinsonian syndromes, OH classically

Fig. 3 Two-step decision-

support algorithm to predict a

pathological nocturnal BP

profile in PD and MSA. During

the execution of the Valsalva

manoeuvre, measure mean BP

values achieved at the end of

phase I, II_E, II_L and IV (see

Fig. 2 for detailed description of

Valsalva manoeuvre phases). If

phase II_L BP - phase II_E BP

is B0.5 mmHg (1st step) and, if

phase IV BP - phase I BP is

B-7 mmHg (2nd step), a

pathological nocturnal BP

profile can be predicted with

87.5 % sensitivity and 85.7 %

specificity
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develops after the synergism of cardiovascular noradren-

ergic denervation and baroreflex failure [12]. Similarly,

impaired vascular noradrenergic outflow underlies the lack

of peripheral vascular contraction and subsequent missing

BP overshoot in the phase II_L and phase IV of the Val-

salva manoeuvre [10, 32]. Taken together, these observa-

tions support the validity of the so-called ‘‘vasoconstriction

model’’, according to which patients suffering from extra-

cardiac noradrenergic denervation may develop hypersen-

sitivity of vascular a-adrenoceptors as compensatory

mechanism aimed at sheltering from an excessive blood

pressure drop while standing [5]. This same vascular a-

adrenoceptors hypersensitivity, in turn, may cause exag-

gerated vasoconstrictor responses to tonic sympathetic

stimulation in the supine position, eventually driving to SH

and nocturnal hypertension.

Notably, the presence or lack of BP overshoots in the

phase II_L and phase IV of the Valsalva manoeuvre has

good within-subject repeatability [16] and can be detected

by naked-eye and in real time during the execution of the

Valsalva manoeuvre in standard tilt-table evaluations.

According to the two-step decision-support algorithm

developed in the present study (Fig. 3), lack of BP over-

shoot in the II_L phase, combined with a[7 mmHg BP fall

in the IV phase of the Valsalva manoeuvre, achieved

87.5 % sensitivity and 85.7 % specificity in predicting a

pathological nocturnal BP profile at 24-h ABPM in par-

kinsonian patients. Our results, therefore, suggest that,

where this facility is available, tilt-table guided ABPM

may increase the detection of pathological nocturnal BP

profiles relevant for cerebrovascular and cognitive out-

comes in parkinsonian disorders [6].

Our study has some limitations. First, due to the

limited sample size, this is to be considered a proof-of-

concept project. Second, in our cohort, MSA and PD

patients were not homogenous as to Hoehn and Yahr

stage. Such different disease severity was actually

expected, since priority was given to match age and

disease duration of the study participants, but an influ-

ence of disease severity on the frequency of pathological

nocturnal BP profiles cannot be excluded, although other

studies did not show any significant effect in this context

[2]. Third, use of vasoactive medications, either anti-

hypotensive or anti-hypertensive, was unrestricted in the

present study. Vasoactive medications could theoretically

affect nocturnal BP profiles at 24-h ABPM. However,

complex and sometimes combined anti-hypotensive and

anti-hypertensive therapies are frequently prescribed to

parkinsonian patients. We purposely decided not to

exclude these patients from our cohort, in order to

develop our decision-support algorithm in an experi-

mental setting closely resembling cases referring to

movement disorder clinics for management of motor and

non-motor parkinsonian symptoms. The study is also

lacking a healthy control cohort. As guidelines for the

interpretation of 24-h ABPM have not been validated in

the peculiar setting of cardiovascular autonomic failure

yet, an influence of severe diurnal OH on the interpre-

tation of nocturnal BP profile in PD and MSA cannot be

excluded. Also, a possible influence of sleep-disordered

breathing on the development of a non-dipping profile, or

of repeated nocturnal BP measurements on sleep archi-

tecture and arousal cannot be excluded, although none of

the recruited patients reported sleep changes during 24-h

ABPM (data not shown).

Conclusions

Nocturnal hypertension is a frequent and treatable [19, 29]

feature of cardiovascular autonomic failure in PD and

MSA. The strong association between OH, the lack of

peripheral vasoconstriction during phase II_L and phase IV

of Valsalva manoeuvre and pathological nocturnal BP

profiles observed in the present study suggests that cardiac

and vascular noradrenergic denervation may play a key

role in the development of circadian BP rhythm disruptions

in PD and MSA.

Though mostly asymptomatic and under diagnosed,

nocturnal hypertension may play an important negative

prognostic role in parkinsonian syndromes. According to

the results of the present proof-of-concept study, we pro-

pose the naked-eye evaluation of BP behaviour during

phase II-L and phase IV of the Valsalva manoeuvre as

screening test for pathological nocturnal BP profiles in PD

and MSA during tilt-table examinations without additional

costs. If replicated in future prospective studies, with

concomitant 24-h ABPM and sleep monitoring, this two-

step decision-support algorithm may represent a time-

sparing approach to improve the detection of a modifiable

cardiovascular risk factor by tilt-table guided 24-h ABPM

in parkinsonian patients.
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