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Spectrum of Cardiovascular Autonomic Dysfunction and
24-hour Blood Pressure Variability in Idiopathic Parkinson’s
Disease
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Background: Uncertainty prevails regarding the patterns of autonomic dysfunction in patients with idiopathic Parkinson’s disease (IPD).
This study was undertaken with the aim of assessing the complete spectrum of cardiovascular autonomic function tests (CAFTs) and blood
pressure variability patterns in IPD patients while comparing the same with age-matched controls. Methods: Patients with IPD presenting
to the Christian Medical College and Hospital from December 2016 to November 2018 along with age-matched controls were prospectively
evaluated using CAFTs. The IPD patients also underwent ambulatory blood pressure (BP) monitoring (ABPM), and the diurnal systolic
BP differences were used to classify into dippers (10-20%), non-dippers (0—10%), reverse dippers (<0%), and extreme dippers (>20%).
Results: Autonomic dysfunction (AD) was prevalent in 41 (68.3%) IPD patients even in early disease (median (inter-quartile range) symptom
duration 2 (1-4) years, mean Hoehn and Yahr (H&Y) stage 2 (1.5-2.8). Both sympathetic and parasympathetic parameters were impaired
among IPD patients when compared to healthy controls. (E: I ratio 1.17 £ 0.12 vs 1.26 £ 0.14 (P < 0.001), Valsalva ratio (VR) 1.33 £ 0.27 vs
1.55+0.25 (P <0.001), PRT, 9.6 + 8.0 vs 3.1 + 1.8 (P < 0.001), tilt-up SBP,  change 8.8 (4.2-13.8) vs 1.8 (=2.9-6.1) (P < 0.001), tilt-up
HRAvg change 4.8 (2.2-8.2) vs 1.9 (—0.7-5.1) (P <0.001). BP variability was demonstrated in 47 (79.7%) of IPD patients, with reverse dipping
pattern in 28 (47.5%) seen more frequently in this cohort. Conclusions: Timely detection of AD may be helpful not only in recognizing IPD
in its pre-motor stages but also in optimizing management for this population of patients. BP variability and abnormal dipping patterns on
ABPM can be a potential marker of dysautonomia.
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variability (BPV) is another manifestation of dysautonomial™
that has been reported in IPD and can be assessed objectively
using ambulatory blood pressure monitoring (ABPM). It has
been acknowledged as an extremely useful test to diagnose
diurnal BP variations and assess the circadian BP patterns over
a prolonged time frame.[®

INTRODUCTION

Idiopathic Parkinson’s disease (IPD) is a heterogeneous
disease with both motor and non-motor symptoms. Autonomic
dysfunction (AD), although common, is a frequently
under-diagnosed non-motor feature associated with poor
quality of life and increased mortality among IPD patients.
Until recently, AD has been considered a feature of advanced
disease; however, new evidence supports its occurrence even
early into the disease.!"?! Moreover, uncertainty still prevails
with regards to its prevalence, phenotypic correlations,
association with severity and duration of disease, and racial

Not many studies have objectively assessed cardiovascular
autonomic functions in conjunction with ABPM in patients
with IPD, and different studies have produced conflicting
results. This study was undertaken with the aim of assessing
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variations, if any.

The cardiovascular autonomic function test (CAFT) is a
non-invasive battery of tests, which forms the cornerstone
for the assessment of autonomic functions. Whereas heart
rate response to deep breathing (HRDB) assesses the
parasympathetic component of the autonomic nervous system,
blood pressure (BP) response to Valsalva maneuver (VM)
and the head-up tilt (HUT) test provide information about
the sympathetic component.?! Recently, the BP recovery
time (PRT 50 and PRT 100) from VM has been validated as
a reliable marker of adrenergic function.! Blood pressure
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the spectrum of cardiovascular autonomic functions and
BPV patterns in IPD patients while comparing the same with
age-matched controls.

MEeTHODS

The study was approved by the institutional research
and ethics committees of Christian Medical College and
Hospital, Ludhiana. Cardiovascular autonomic functions
were prospectively evaluated in a cohort of consecutively
consenting IPD patients presenting to the outpatient and
inpatient clinics of the Department of Neurology, from
December 2016 to November 2018. The controls were taken
from the autonomic lab normative dataset developed by the
department during the same time. Informed written consent
was obtained from all of the participants of the study. The
approval for the study was obtained from the institutional
review board of Christian Medical College and Hospital,
Ludhiana.

Diagnosis for IPD was confirmed by the UK Parkinson’s
Disease Society Brain Bank Clinical diagnostic criteria,!”
and patients were further classified according to stage
and severity using modified H&Y scoring!®® and modified
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS),
respectively.’] IPD patients were also screened and graded
according to symptoms for orthostatic hypotension (OH) using
a validated questionnaire.!'” [Supplementary material ] Patients
with diabetes or other comorbidities with associated autonomic
symptoms, uncooperative patients with encephalopathy and
dementia, patients with cerebrovascular disease, and any
atypical features affecting the diagnostic certainty of IPD
were excluded.

Autonomic tests

Both patients and age-matched controls underwent the CAFT
using the WR Medical Electronics Co: Stillwater, MN,
USA. The CAFT was conducted by a single assessor (senior
technologist) who was blinded to the clinical data.
IPD patients also underwent 24-hour ABPM using an
OSCAR-2 (version) ABPM apparatus. ABPM was not
performed in the control arm due to feasibility issues. AD
was objectively diagnosed on the basis of the presence of
either/or of any of the following!'":

» A lack of heart rate (HR) response to DB

*  Absent late phase 2 and phase 4 responses

»  Systolic BP (SBP) fall of 220 mm Hg on tilt-up.

HR response to deep breathing test

The participant was made to lie supine for 3 minutes, while a
baseline HR and BP was recorded; thereafter, the participant
breathed maximally at a rate of 6 breaths per minute (inspiratory
and expiratory cycles of 5 s each), establishing a smooth
maximal inspiratory and expiratory rhythm. Eight cycles
were recorded and repeated after a rest period of 5 minutes,
followed by 3 minutes of normal breathing again. The average
HRDB difference (maximum-minimum) of the five largest
consecutive responses was derived.

HR and BP response to VM

The BP response to VM, generally classified into four phases,
is dependent on the competency of the baroreflex pathways
and can be frequently attenuated in patients with IPD.!'I The
participant while recumbent was asked to maintain a column
of mercury at 40 mm Hg for 15s via a bugle with an air leak
to ensure open glottis. A recording was considered acceptable
if the following were fulfilled: Expiratory pressure at least
30 mm Hg for 10 s, reproducible VM BP curve, and absence
of a flat top BP curve. Three readings were taken for each
patient, and the largest data from a satisfactory expiratory
pressure was accepted. A delayed or absent late phase II or
phase IV response signifies sympathetic dysfunction, lacking
counter-regulation of falling pressures. The VR was derived
from the maximum HR divided by the lowest HR following
the VM. PRT is a reliable indicator of baroreflex adrenergic
impairment and has been used as an additional indicator of
the presence and severity of adrenergic failure. The PRT was
calculated for SBP, mean arterial pressure (MAP), and diastolic
BP (DBP) curves as described™ for two time intervals of the
maneuver: (1) time taken for recovery of BP from the lowest
phase III amplitude to complete return to baseline (PRT 100)
and (2) time interval from the lowest amplitude of phase III
to 50% return to the baseline (PRT 50).

BP responses to the head upright tilt

The tilt study was conducted for a total duration of 30 minutes.
The baseline SBP, MAP, DBP, and HR were recorded with the
participant lying flat for 10 minutes, after which the patient
was tilted up for 10 minutes to 80 degrees of head-up tilting,
followed by another 10 minutes in the supine position. Clinical
symptoms and HR and BP changes were recorded continuously
from the fingertip using the Finapress during tilt-up. The
systolic fall and HR increment at 1, 3, 5, 8, and 10 minutes of
tilt-up were documented.

24-hour ambulatory BP monitoring

The second phase of the study involved 24- hour BP monitoring
which was performed only on the IPD patients. A BP cuff
tied on the arm of the patient measured continuous 24-hour
BP records. The apparatus was calibrated to record daytime
(6 am—10 pm) BP at 15-minute intervals and night-time
(10 pm—6 am) at 30-minute intervals. Diurnal BP variability
defined as the standard deviation (SD) from the mean BP at 24
hours was measured. A deviation of more than 15 mm Hg was
considered significant. Patients were classified into extreme
dippers, dippers, non-dippers, and reverse dippers based on
the night-to-day SBP ratio using American Heart Association’s
calculation as follows.!'?

Sample size

A convenience sampling method was used to calculate the sample
size of the study. All of the IPD patients who visited our hospital
from December 2016 to November 2018 were recruited for the
study. The sample size for Parkinson’s patients was calculated
using the prevalence for OH in IPD patients.['*) The minimum
reported prevalence for OH in Parkinson’s disease was noted at
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a minimum of 22%, and a sample size of n = 60 minimum was
calculated at type 1 error = 0.05 and margin of error = 0.1. The
controls were taken from the autonomic lab normative dataset
developed by the department during the same time.'¥! Out of
254 controls, 113 age- and gender-matched healthy participants’
data was selected and compared with the data of 70 IPD patients.
The total sample size of our study was n = 173.

Statistical analysis

The data was analyzed using SPSS, version 21.0. Armonk,
NY: IBM Corp. The significance level was set at < 0.05. The
Kolmogorov Smirnov test was used to check the normality of
data. Chi-square was used to compare the categorical variables
between groups. The independent t-test or Mann Whitney
U test was used to compare the CAFT parameters between
the groups. Pearson’s correlation coefficient or Spearman’s
correlation coefficient was used to correlate CAFT parameters
with baseline characteristics.

ResuLts

A total of 70 patients visiting the neurology outpatient clinic
met the inclusion criteria for IPD and were classified as cases,
whereas 113 healthy participants with no comorbidities were
recruited into the control arm of the study. 10 patients from
the case arm were excluded later for various reasons. After
exclusion, 60 cases and 113 controls were allocated to undergo
CAFT. In addition, the 60 cases were also allocated to undergo
24-hour ABPM; however, 1 developed petechial rashes and
could not continue with the procedure [Figure 1].

The mean (+ SD) age was comparable in cases (60 £ 9.2 years)
and in controls (58 + 11.1 years, P = 0.323). Both groups
were age- and gender-matched. Among the IPD patients, the
median [inter-quartile range (IQR)] duration of symptoms
was 2 (1-4) years, the mean H&Y stage was 2 (1.5-2.8), and
the mean UPDRS was 34 (15-42). Ten (16.3%) patients were
dopaminergic drug-naive, and 27 (45.0%) patients had clinical
symptoms of OH [Table 1].

Cardiovascular autonomic function tests
The heart rate difference and E: I ratio were impaired in cases
compared to controls P < 0.001 [Table 2].

The changes in the BP during the VM were not normally
distributed and were expressed as medians. Table 1 shows that
VRs (1.33 £ 0.27 vs 1.55 £ 0.25, P < 0.001) were impaired
in cases as compared to controls. The PRT (PRT 50 and PRT
100) was also markedly increased in cases as compared to
controls. A significant difference was noted in the amplitude
of BP in different phases of VM in cases vs controls [Table 3].

In the HUT test, the fall in SBP at different intervals of time
was higher in cases as compared to controls. The concomitant
increments in heart rate followed a similar trend [Figure 2].

Ahigh prevalence of AD 41 (68.3%) was found in IPD patients,
with the majority of patients 31 (51.7%) having SBP fall in
the tilt-up test [Figure 3].

Table 1: Baseline and clinical characteristics of IPD
patients

Demographics Values
Age (years) Mean+SD 60+9.2
Gender n (%)
Male 39 (65.0)
Female 21 (35.0)
Diabetes 10 (16.7)
Hypertension 17 (28.3)
Dopaminergic medications 50(83.3)
Orthostatic grading
0 33 (55.0)
1 21(35.0)
2 6(10.0)
Duration of symptoms Median (IQR) 2 (1-4)
UPDRS 34 (15-42)
H&Y 2 (1.5-2.8)

SD: Standard deviation. IQR: Inter-quartile range. UPDRS: Unified
Parkinson's disease rating scale. H&Y: Hoehn and Yahr scale

Table 2: Comparison of HRDB, VR, and pressure recovery
time in cases vs controls

Case (n=60) Control (n=113) P
Mean+=SD Mean+SD
HRDB
Maximum heart rate 84.2+10.7 81.1£9.7 0.080
Minimum heart rate 73.3£10.3 65.4+9.9 <0.001
Heart rate difference 11.1+6.1 16.1£7.8 <0.001
E:I ratio 1.17+0.12 1.26+0.14 <0.001
VM
VR 1.33£0.27 1.55+0.25 <0.001
PRT,, 9.6+£8.0 3.1£1.8 <0.001
PRT 4.7+4.3 1.5+0.8 <0.001

50
HRDB: Heart rate response to deep breathing. E: I ratio: expiratory:
inspiratory ratio. PRT: Pressure recovery time

Both parasympathetic markers HRDB and the E: I ratio
showed a negative correlation with all parameters. There was
amoderate correlation with age, H&Y, and UPDRS, implying
that an increase in age, stage (H&Y), or severity (UPDRS)
results in an increase in parasympathetic dysfunction. Similar
results were noted with VR, implying a decrease in VR
with the progression of age, stage, or severity of disease.
Disease duration, however, had only a weak correlation with
parasympathetic function [Table 4].

Progression in age was associated with increased sympathetic
dysfunction in IPD patients, as evidenced by a moderate
positive correlation seen with PRT 100 and PRT 50 with age.
No correlation was seen with other parameters [Table 4].
Neither SBP fall nor HR increment in the HUT test showed any
significant correlation with any of the demographic parameters
in IPD patients.

Of the total 60 patients, 28 (45.9%) patients were clinically
symptomatic for OH. Symptomatic patients had more impaired
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Figure 2: Comparison of SBP fall and heart rate increment in cases vs controls for HUT

autonomic parameters with lower HRDB, more prolonged Ambulatory BP monitoring
PRTs, higher SBP falls, and lesser HR increments, compared Baseline ABPM DATA
to clinically asymptomatic patients [Figure 4].

The average daytime mean was 131.4 + 17.1 mm Hg (SBP)

Ten patients in the cohort were dopaminergic drug-naive;  and 79.29 + 10.2 mm Hg (DBP), whereas the average
however, no correlation was found between intake of  night-time mean was 128.19 = 15.85 mm Hg (SBP) and
dopaminergic drugs and autonomic parameters.

75.50 £ 9.16 mm Hg. Overall, BPV was seen in 47 (79.7%)
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Table 3: Comparison of amplitude of BP in different
phases of VM in cases vs controls

Case (n=60) Control (n=113) P
Median (IQR) Median (IQR)
Phase 1
(mm Hg)
ASBP 10.7 (8.2-16.5) 17 (11.7-23.5) <0.001
AMAP 13.3 (6.7-16.8) 15.3(9.0-22.2) 0.066
ADBP 10.7 (6.4-19.0) 13.3 (7.2-19.5) 0.418
Early phase 1
(mm Hg)
ASBP —29 (—38.5-(—18.5)) -17 (-25.2-(-11.3))  <0.001
AMAP -12 (-17.3-(-5.9)) =5 (—10-(—0.9)) <0.001
ADBP —0.9 (-5.2-4.2) -1.3(-4-5.3) 0.997
Late Phase 2
(mm Hg)
ASBP 4.5(2-9.8) 14.3 (8.3-20.2) <0.001
AMAP 3.3(1-8) 11.3 (7-17.5) <0.001
ADBP 2.3 (0.9-6) 10 (6.2-14.7) <0.001
Phase 3
(mm Hg)
ASBP =20.5 (-29-(—-12.9)  —30.3 (-40.5-(-24.5)) <0.001
AMAP —16.4 (-25.6-(—10.8))  —14(-24.2-(12.4)) 0.062
ADBP 15.2 (—24.8-(-17.5)) =11 (=22-11) 0.042
Phase 4
(mm Hg)
ASBP 1.7 (=5.2-12.5) 21(13.3-31.2) <0.001
AMAP 2.7 (-1.7-10.2) 15(9.7-21.5) <0.001
ADBP 2 (—-1.7-6) 10 (5.2-14.7) <0.001

SBP: Systolic blood pressure. DBP: Diastolic blood pressure. MAP:
Mean arterial pressure

Table 4: Correlation of CAFT parameters with age,
disease staging, and severity of IPD

CAFT parameters Age Duration Severity  Staging
(n=60) of Disease  (UPDRS)  (H&Y)
Heart rate —0.358* —0.082 —0.550* —0.594*
difference (bpm)

E/I ratio —0.323* -0.074 —0.508*  —0.582%*
VR —0.414% 0.009 -0.385*%  —0.430*
SBP late phase2 -0.086 0.007 —0.044 0.037
SBP phase4 —0.156* 0.153 -0.057 -0.024
PRT,, 0.337% -0.080 0.121 0.148
PRT,, 0.326% -0.099 0.123 0.133
SBP fall (mmHg) 0.002 -0.073 0.024 -0.127
HR increment (bpm) —0.202 —-0.220 —0.098 —-0.230

*P<0.05. VR: Valsalva ratio. E: I ratio: expiratory: inspiratory ratio. PRT:
Pressure recovery time

of patients. The variability, although not statistically
significant, was more during the daytime compared to
night-time, (coefficient of variation: 0.14+0.04 vs 0.13 +0.07
in SBP, P = 0.280 and 0.21 = 0.08 vs 0.18 + 0.09 in DBP,
P = 0.069). Also both day- and night-time variability in
DBP was more compared to SBP. There was no association
between BPV and age, duration, staging, or severity of disease
in patients with IPD. No association was noted with gender

100%
90%
80%

70% 41 (68.3%)

600

" 31 (51.7%)

50%

10% | 22(67%) 21 (35%)

5
208 13 21.7%)
20%
10%
0%

24 (40%)

Absent HR Absentlate  Absentphase4  Tiltup SBP Both Overall AD
response to DB phase 2 fall>20 sympathetic and
parasympathetic

Figure 3: Prevalence of AD among IPD patients

difference, use of dopaminergic drugs, or presence of clinically
symptomatic OH also.

Among the circadian BP patterns, the reverse dipping pattern
in 28 (47.5%) was more frequently seen in this cohort of
IPD patients, compared to other patterns such as non-dippers
18 (30.5%), dippers 8 (13.6%), and extreme dippers
5 (8.5%) [Figure 5].

Discussion

In this study, AD is observed to be prevalent in two-thirds
of IPD patients even in the early disease. Both sympathetic
and parasympathetic parameters were impaired among IPD
patients compared to healthy controls. Within the IPD cohort,
all measures of parasympathetic function showed progressive
impairment with an increase in age, stage, and severity
of disease. BP recovery time also showed age-dependent
prolongation. The duration of disease and use of dopaminergic
drugs had no influence on autonomic parameters. BPV and
abnormal dipping patterns on ABPM can be a potential marker
of dysautonomia.

Varying rates of dysautonomia ranging from 14% to 80% have
been reported in earlier studies.['>!! The high prevalence of AD
in our study is perhaps due to the comprehensive autonomic
assessment which included HRDB, BP response to VM, and
HUT testing along with ABPM, unlike previous studies which
used limited parameters. Furthermore, our cohort of patients
was younger, with lesser duration and lower severity of disease.
The UK tracking Parkinson’s study!'® also reported AD in early
IPD (mean disease duration: 1.3 + 0.9 years), but it included
older patients.

The association of dysautonomia with age, H&Y staging,
and severity of disease in IPD is previously known.l'"!8 In
our study, although parasympathetic function (HRDB, VR)
showed progressive impairment with increasing age, stage,
and disease severity, no correlation was noted with sympathetic
dysfunction (SBP fall or HR increment on tilt-up). This
was in concordance with observations noted by researchers
from Korea.'”? However, PRT, which is another measure of
sympathetic function, did show a direct association with age.
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Figure 4: Association of CAFT parameters with clinically symptomatic OH

To a large extent, AD has been considered as a late feature
of IPD. Studies have also reported an association of longer
disease duration with more severe autonomic impairment.['*2
However, recent data proposes that both sympathetic and
parasympathetic dysfunction can occur early in the disease
course of IPD and even among clinically asymptomatic
patients.?"*?! This was in concordance with our study, where
no significant association was noted between the autonomic
parameters and disease duration. The presence of AD even in
the earlier stages of Parkinson’s disease finds explanation in
the “central” Braak theory!®®! which postulates the spread of
Lewy body pathology via the olfactory bulb and vagus nerve
to the substantia nigra and central nervous system.

The effect of dopaminergic drugs on cardiovascular
autonomic functions is yet another domain which has been
assessed in many studies but with conflicting results.!!>#
We found no influence of chronic dopaminergic treatment on
autonomic function in our cohort; however, in the presence of
dysautonomia, appropriate monitoring of dopaminergic drugs
is recommended.

BP variability was found to be present in a large
proportion (72.9%) of IPD patients, with an increase in daytime
compared to night-time variations. This was in conformity
with a 24-hour ABPM study from Japan!®! which reported
increased BPV in IPD patients compared to controls. Similar
findings were seen in another small study from Brazil,** where
high BPV with increased daytime BP variations were reported
in IPD patients. Impaired baroreflex activity, inappropriate
sympathetic tone, and a high residual sympathetic surge
on lying supine?’?® are proposed mechanisms postulated
to contribute toward supine hypertension and alterations in
circadian rhythms. The reverse dipping pattern constituted
the highest proportion of 28 (47.5%) in this cohort. A similar
high prevalence of reverse dippers [86 (32.5%)] was reported
by Milazzo et al.,*”) who even proposed the reverse dipping
pattern as a potential marker of cardiovascular dysautonomia
in IPD patients.

AD holds severe implications among IPD patients with a
resultant increase in cardiovascular and small-vessel ischemic
disease and subsequent morbidity and poor quality of life.”
Timely detection of AD is crucial and can help in recognizing
IPD in its early pre-motor stages. This research work assesses
the complete set of cardiovascular autonomic parameters in

100%
90%
80%
70%
60%

0% 28 (47.5%)

18 (30.5%)

0%
30%
20% 8 (13.6%)
5%
10% IHI 5 (8.5%)
0% “III]II

Reverse Dipper Non Dipper Dipper Extreme Dipper

Figure 5: Distribution of circadian rhythm patterns in IPD patients

detail in conjunction with ABPM using an internationally
accepted methodology. Comparing the findings with a large
control group adds to the strengths of this study. In addition, BP
recovery time from VM, a relatively new index of adrenergic
activity which had not been well studied in IPD patients
previously is established as a marker of sympathetic activity.

The limitation of this study includes the small sample size.
Although we excluded patients having comorbidities such
as diabetes and hypertension with associated autonomic
symptoms, not all patients with comorbidities were excluded
which may have affected the results; however, in patients of
this age category, multiple comorbidities are common and
difficult to exclude. We did, however, sub-analyze between
the sub-groups of patients with no comorbidities and controls
also and found similar results for all autonomic parameters.
As most of our IPD patients were recruited from the outpatient
clinics during the daytime, CAFT assessment during off-time
was not feasible. This may have affected some of the findings.
Another limitation of the study is that we did not establish
a pathological diagnosis of IPD, and some of these patients
may evolve into Parkinson plus syndromes over the course of
years. This, however, would require a long-term prospective
follow-up.

ConcLusioN

Cardiovascular AD is common in IPD and occurs even in
patients with early disease. Autonomic function progressively
worsens with progression in age, stage, and severity of disease.
BPV and abnormal dipping patterns on ABPM can be a
potential marker of dysautonomia in IPD patients. A high index
of suspicion should be maintained while evaluating for AD in
IPD patients, and screening with both CAFTs and ABPM in
IPD patients even early into the disease is warranted.
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SuPPLEMENTARY IMIATERIAL
SYMPTOMS OF ORTHOSTATIC INTOLERANCE

Lightheadedness (dizziness)
Weakness or tiredness

Cognitive (thinking /concentrating)
Blurred vision

Tremulousness

Vertigo

Pallor

Anxiety

Tachycardia or palpitations
Clammy feeling

Nausea

GRADING OF ORTHOSTATIC INTOLERANCE BY SYMPTOMS
Grade 0

Normal orthostatic tolerance

Grade |

i.  Orthostatic symptoms are infrequent, or only under conditions of increased orthostatic stress(prolonged standing, meals,
exertion, heat stress)

ii.  Able to stand >15min on most occasions

iii. Typically has unrestricted activities of daily living

Grade 11

i.  Orthostatic symptoms are frequent, developing at least once a week. Orthostatic symptoms commonly develop with
orthostatic stress

ii. Able to stand >5min on most occasions

iii. Some limitation in activities of daily living is typical

Grade 111

i.  Orthostatic symptoms develop on most occasions and are regularly unmasked by orthostatic stress
ii. Able to stand >Imin on most occasions
iii. Marked limitation in activities of daily living is typical

Grade IV

i.  Orthostatic symptoms are consistently present

ii. Able to stand <Imin on most occasions

iii. Seriously incapacitated, being bed or wheelchair bound because of orthostatic intolerance
iv. Syncope/ presyncope are common if the patient attempts to stand





