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ABSTRACT A

Background: Autonomic failure is an integral component of Parkinson’s disease (PD), and orthostatic hypotension (OH) is
commonly observed in advanced cases of PD. OH may be the result of underlying cardiovascular autonomic dysfunction or
adverse effect of antiparkinsonian drugs. Patients may be asymptomatic during the early stage of disease but may have underlying
cardiovascular dysautonomia which becomes obvious on stress. Most of the earlier studies used morphological and functional
methods to evaluate cardiovascular autonomic control but were unable to evaluate during dynamic conditions. Aims and
Objectives: The aim of the study was to evaluate cardiovascular autonomic disturbances in patients with PD using head-up
tilt table test (HUTT). The objective of the study was to compare the spectral profile of heart rate variability (HRV) and blood
pressure (BP) to orthostatic challenges using HUTT in patients with PD with healthy individuals. Materials and Methods: In
this cross-sectional study, we have recorded continuous lead II ECG along with BP every 2 min in patients with PD and control
group during HUTT for 10 min in supine, 45 min in 70° tilt and again 10 min in supine position which were later analyzed using
Biopac software for HRV. Results: Symptoms indicating autonomic nervous system dysfunction were present in 65% (20)
patients with PD. Postural dizziness was present in 20% (6) patients. After 5 min of tilt-up, increase in HR in patients with PD
was lower than in controls. There was no significant change in diastolic BP (DBP) on tilting-up in patients with PD while DBP
significantly increased in controls on tilting-up from73 + 9 mm Hg to 80+11 mm Hg (P <0.00001). The low frequency (LF) was
not significantly changed in patients with PD, and it increased significantly in controls from 3.05 (2.28 to 4.70) ms* to 3.73 (2.69—
5.03) ms®. There was decrease low frequency/high frequency (LF/HF) in patients with PD, but the change was not significant,
and there was a significant increase in LF/HF ratio from 3.43 (3.15 to 4.02) to 5.01 (4.39-5.74) in control group (P < 0.00001).
Conclusions: Patients with PD suffered from symptoms of autonomic dysfunction and had cardiovascular autonomic dysfunction
which becomes obvious only during stress. This will help clinicians to identify the patients of PD with cardiovascular autonomic
dysfunction at an early stage and modify the treatment accordingly to prevent frequent falls.
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important clue to the underlying cardiovascular autonomic

failure. Dr. James Parkinson in his “Essay on shaking palsy”

postulated a “mysterious sympathetic influence” in patients
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with PD. Symptoms of autonomic dysfunction impact quality
of life more than motor symptoms.”?! However, incidence and
relevance of autonomic dysfunction in patients with PD are
under debate. Some of the previous studies underestimated
cardiovascular autonomic nervous system (ANS) impairment,
which is diagnosed in only 30% cases. However, ANS
involvement increases up to 70-80%, if sexual dysfunction,
swallowing and gastrointestinal disorders, bowel and bladder
abnormalities, and sleep disturbances are included.® The
cause of autonomic dysfunction in PD may be due to damage
to the hypothalamus, basal ganglia, reticular formation,
nucleus coeruleus, and vagal dorsal nuclei. Besides, these pre-
ganglionic structures, post-ganglionic sympathetic neurons
and other autonomic structures are also affected. The
intracranial fossa arachnoid cyst causing focal mass effect
was found to be causing parkinsonian tremors.?!

Heart rate variability (HRV) spectral analysis has been widely
used in the study of ANS. There are assumptions that the
neurodegenerative characteristics of PD may be associated
with indices of HRV.IY) Two major types of frequencies
components are observed: Low frequency (LF) (0.04—
0.15Hz) and high frequency (HF) (0.15-0.4Hz) components.
HF fluctuations are modulated primarily by parasympathetic
tone, whereas LF bands are affected by the sympathetic and
parasympathetic activity.[”)

Head-up tilt test (HUTT) is primarily a provocative test used
to determine an individual’s susceptibility to orthostatic
intolerance.!® In patients with PD, the associated movement
disorder with OH may enhance the propensity to falls, which
might result in injury.”’ Prevalence of OH varies throughout
the course of PD, ranging from 40% to 60%, and resulting in
symptomatic OH in approximately half of the patients.l'™ OH
may be the result of underlying cardiovascular autonomic
dysfunction or adverse effect of antiparkinsonian drugs.
Patients may be clinically asymptomatic during the early
stage of disease but may have underlying cardiovascular
dysautonomia. It would be clinically relevant to identify such
patient which will help the physician to modify the treatment
accordingly to prevent falls due to dysautonomia in addition
to a movement disorder.

Most of the earlier studies used morphological and functional
methods to evaluate cardiovascular autonomic control but were
unable to evaluate during dynamic conditions. The present study
was designed to evaluate autonomic cardiovascular disturbances
in patients with PD using HUTT. We compared the spectral
profile of HRV and blood pressure (BP) to orthostatic challenges
using HUTT in patients with PD with healthy individuals.

MATERIALS AND METHODS

A total 33 patients with PD including 24 male and 9 female
patients fulfilling the unified PD rating scale clinical

criteria, visiting the neurology department consecutively
were included in the study. Patients were receiving regular
antiparkinson’s medication. Patients with cardiovascular
disease involving rhythm disturbances, diabetes, and patients
on medications that affect ANS were excluded from this
study. 31 age and gender-matched healthy individuals were
also evaluated as controls. A written informed consent was
obtained from all participants after explaining study protocol.
The study was approved by Institutional Ethics Committee.

The hydraulically operated metallic head-up tilt table of foot-
board support design (7° x 3”) was used for the study. It was
calibrated for upright angles ranging from 60° to 90° with
sensors to sense specific tilt angle. Transition from supine
to tilt was smooth and rapid (10—15s). The participants were
gently secured by straps to prevent falling. The digital BP
recorder (HEM -722 Omron, Japan) was used to record HR
and BP every 2 min with the help of stopwatch during the
entire test. The computer equipped with software (Biopac
[acknowledge 3.9, MP100], BIOPAC Systems Inc., Santa
Barbara, CA, USA) was used to record ECG and HRV
analysis. Emergency tray was kept ready to meet any
untoward consequence that would result from the upright tilt
of subject.

All patients with PD were examined with special attention
being given to symptoms and signs referring to autonomic
dysfunction. Mean duration of disease in patients with PD
was 3.6 + £2.5 years. The participants were advised to refrain
from drinking beverages containing alcohol and caffeine after
2100 h on the night before the day of the test. Participants were
advised to have breakfast 2 h before the start of the test. We
had informed patients to follow their medication routine as per
directives of treating physician to avoid non-adherence, non-
compliance, and regime modification of medication. HUTT
was performed on the patients and control participants in
standardized environmental conditions between 8 and 10 a.m.

Continuous ECG was recorded during entire procedure of
HUTT which was later analyzed by Biopac Software for HRV.
The recording in supine position was done for 10 min. The
tilt table was tilted up at an angle of 70° angle for 45 min and
then tilted back for further recording in the supine position
for 10 min. Two patients were excluded because of recurrent
arrhythmias during the recording of ECG during HUTT and
technical reasons during ECG recording.

In the final analysis of the linear and non-linear components of
HRYV, the 5 min ECG segment just before tilt, 5 min segment
from 5 to 10 min of tilt and only segments with >85% sinus
beats were included.

Statistical Analysis

The paired and unpaired t-test was used to compare
intragroup and intergroup BP and HR parameters which
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were normally distributed. This data were represented as
mean =+ standard deviation (SD). Mann—Whitney U-test was
used to compare HRV outcomes between two groups which
were not normally distributed. This data were represented as
a median and interquartile range. P < 0.05 was considered
statistically significant. Analysis was performed by software
SPSS (version 17.0; SPSS Inc, Chicago, IL).

RESULTS

Actotal of 31 participants in each group, i.e., patient and control
group underwent HUTT. The mean age of the patients and
control groups was 60.5 + 11 and 60 + 11 years, respectively.
There were 22 males and 9 females participants in each group.
The mean height of patients with PD was 164 + 9 cm, and that
of the control group was 166 £ 9 cm. The mean weight of
patients with PD was 64 + 10 kg, and that of the control group
was 66 £ 10 kg. There was no significant difference in height
and weight of both groups. The mean duration of disease in
patients with PD was 3.6 + 2.5 years. Of 3 patients with PD,
23 were taking medication levodopa (300 mg), 5 were taking
ropinirole (12 mg), 1 was on bromocriptine (7.5 mg), and 2
were recently diagnosed cases.

Clinical Findings

Atotal of 65% of patients with PD had symptoms indicating ANS
dysfunction. The most common complaints were disturbances
in sweating (50%), urinary function (45%), and bowel function
(35%). Postural dizziness was present in 20% patients. A total
of 40% of male patients had suffered from impotence. In the
clinical examination, signs of motor disturbances could be

found in 65% of patients with PD, the most common finding
being rigidity, bradykinesia, and tremors.

Cardiovascular Response to Tilt

The baseline cardiovascular parameters HR, systolic BP
(SBP), diastolic BP (DBP), pulse pressure and mean arterial
pressure (MAP) were similar in both the groups as shown in
Table 1. After 5 min of tilt-up there was an increase in HR of
both groups; however, increase in patients with PD was lower
than in controls. In patients with PD, HR was increased to 72
+ 11 bpm and in the control group to 79 &+ 14 bpm which was
a significant increase in both groups. The difference in HR
between the test and control groups after 5 min tilt-up was
highly significant (P < 0.000012).

There was no change in SBP on tilting-up in patients with PD
and SBP was increased from 122 + 13 mm Hg to 126 = 14
mm Hg in control group. The difference in SBP between two
groups after 5 min of tilt-up was not significant (P = 0.33).
There was no significant increase in DBP on tilting-up in
patients with PD from 74 =9 mm Hg to 75 + 10 mm Hg, and
there was a highly significant increase in DBP on tilting-up
in control group from 73 =9 mm Hg to 80 + 11 mm Hg. The
difference in DBP between both groups after 5 min of tilt-up
was highly significant (P < 0.0004). There was no significant
increase in the MAP in patients with PD from supine to
tilt-up, while increase MAP in control was highly significant
(P < 0.00001). The difference in the MAP between both
groups after 5 min of tilt-up was significant (P = 0.0025).

HRYV parameters: The HRV parameters of patient and control
group are shown in Table 2.

Table 1: The cardiovascular parameters of patients of PD and control group at baseline and at 5 min of tilt-up, intergroup,

and intragroup comparison

Parameters PD patients (mean+SD) Controls (mean=SD) P

Intergroup Intragroup comparison - before

comparison and after tilt

PD patients Controls

HR baseline (bpm) 70£11 68+10 0.45 <0.001 <0.001
HR 5 min tilt (bpm) 72+11 79+14 0.04*
HR diff (bpm) 244 1149 <0.001
SBP baseline (mm Hg) 122+15 122+13 0.96 0.8 0.01*
SBP 5 min tilt (mm Hg) 122+16 12614 0.33
Diff SBP (mm Hg) ~0.3+13 4+8 0.15
DBP baseline (mm Hg) 74+9 7319 0.83 0.2 <0.001
DBP 5 min tilt (mm Hg) 75+10 80+11 0.05%*
DBP diff (mm Hg) 1£5 746 <0.001
MAP baseline (mm Hg) 89+10 89+9 0.97 0.29 <0.001
MAP 5 min tilt (mm Hg) 90+17 95+10 0.11
MAP diff (mm Hg) 0.3+8 646 0.0025*

*P<0.05 was considered statistically significant. PD: Parkinson’s disease, SD: Standard deviation, HR: Heart rate, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure, MAP: Mean arterial pressure
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Parameters

Table 2: HRV parameters of patients of PD and control group

PD patients (mean+SD)

Controls (mean+SD)

P

LF baseline (ms?)

LF at 5 min tilt (ms?)

HF baseline (ms?)

HF at 5 min tilt (ms?)
LF/HF baseline

LF/HF at 5 min tilt up
SDNN baseline (ms)
SDNN at 5 min tilt up (ms)

3.06 (2.28-4.48)
2.65 (2.16-3.55)
0.71 (0.58-1.17)
0.63 (0.52-0.86)
4.22 (4.09-4.36)
4.20 (4.05-4.29)
0.03 (0.02-0.05)
0.02 (0.01-0.03)

3.05 (2.28-4.70)
3.73 (2.69-5.03)
0.94 (0.62-1.19)
0.75 (0.53-1.09)
3.43 (3.15-4.02)
5.01 (4.39-5.74)
0.03 (0.02-0.04)
0.03 (0.02-0.04)

Intergroup Intragroup comparison - before
comparison and after tilt
PD patients Controls
0.6 0.15 0.05%*
0.008*
0.28 0.17 0.08
0.28
<0.001 0.9 <0.001
0.009*
0.95 0.02%* 0.3
0.019*

*P<0.05 was considered statistically significant. PD: Parkinson’s disease, HRV: Heart rate variability, LF: Low frequency, HF: High frequency,

SDNN: Standard deviation of normal-to-normal RR intervals

LF: There was no significant difference in baseline LF in
patients with PD and controls, respectively. After 5 min of
tilt-up, LF was not significantly changed in patients with PD,
and it was increased significantly in controls to 3.73 (2.69—
5.03) ms?, and the difference between two groups was highly
significant (P = 0.008).

HF: The baseline HF in patients with PD and controls was
0.71 (0.58-1.17) ms? and 0.94 (0.62—-1.19) ms?, respectively.
After 5 min of tilt-up, HF was decreased to 0.63 (0.52—0.86)
ms? in patients with PD and decreased to 0.75 (0.53-1.09)
ms? in controls. These changes were not significant. The
difference in HF after 5 min of tilt-up in both groups was not
significant (P = 0.28).

LF/HF ratio: The baseline LF/HF in patients with PD
and controls was 4.22 (4.09-4.36) and 3.43 (3.15-4.02),
respectively; and the difference was significant (P <
0.0009). After Smin of tilt-up, there was decrease LF/HF
in patients with PD to 4.20 (4.05—4.29), but the change was
not significant; however, in controls, there was significant
increase in LF/HF ratio to 5.01 (4.39-5.74) and the difference
in LF/HF ratio between both groups was highly significant
(P =0.009).

SD of normal-to-normal RR intervals (SDNN) - There was
no significant difference in baseline SDNN in both groups.
After 5 min of tilt-up, there was decrease in SDNN in patients
with PD to 0.02 (0.01-0.03) ms. The difference in SDNN at
5 min in both groups was highly significant (P = 0.019).

DISCUSSION

The main findings of our study are (1) patients with PD
showed symptoms of autonomic dysfunction; (2) there was
no significant difference in supine cardiovascular and HRV
parameters between patients with PD and healthy individuals;
and (3) patients with PD showed a blunted response in the

cardiovascular and HRV parameters after 5 min of 70° tilt as
compared to healthy individuals.

Nearly 65% (20) of our patients had a disturbance in sweating,
micturition, and gastrointestinal function. Postural dizziness
was present in 20% (6) patients. Male patients very often
had sexual disturbances as well. In the clinical examination,
signs of motor disturbances could be found in 65% of the
patients with PD, the most common finding being rigidity,
bradykinesia, and tremors. These findings are consistent with
the findings of previous studies.!!!?!

During the pre-tilt period, baseline HR and BP parameters
of two groups were similar; i.e., cardiac autonomic and
vasomotor control of patients with PD were not different
from the healthy population. Shindo et a/. found HR and
BP at rest did not differ between PD patients and normal
healthy subjects.®] Turkka et al. measured the serum
noradrenalin and found no significant difference in baseline
serum noradrenaline between patients with PD and healthy
individuals.'¥ Mehagnoul-Schipper ef al. also found similar
resting HR and BP between patients with PD and control
group.l A study by Barbic et al. showed that in the supine
position, patients with PD showed similar cardiovascular,
neural modulation as in healthy age-matched controls.!'®!
This is consistent with findings of our study.

After 5 min of tilt-up, there was significant increase in HR,
DBP, and MAP in healthy individuals than patients of PD.
Our results showed that there was very highly significant
change in HR difference, DBP difference and MAP difference
between pre-tilt and at 5 min of tilt-up in patients with PD
and healthy individuals. These results indicate patients with
PD showed blunted response in HR and BP as compared to
the healthy population. The abnormalities of cardiovascular
autonomic dysfunction became obvious on orthostatic stress.
A study by Mesec et al. also showed that cardiovascular
autonomic dysfunction manifest as suppressed HR and BP
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responses to various autonomic provocations.['”! OQur results
are also consistent with earlier reports.['"!”!8! This blunted
response in HR, DBP, and MAP to tilt-up in patients with
PD as compared to healthy individuals may be correlated to
the common origin of sympathetic nerve supply to the heart
and blood vessels, which may be impaired in patients with
PD. Autonomic failure in PD, therefore, seems to reflect a
“triple whammy” of cardiac and extra-cardiac noradrenergic
denervation and baroreflex failure."”! Patients of PD did not
show a significant drop in BP on tilt-up to define them as cases
of OH. A study by Barbic ef al. showed in the early stage of
PD, inspite of the absence of OH, spectral analysis of HRV
can determine the autonomic cardiovascular abnormalities in
response to orthostatic stress.[']

Our study showed no significant difference in pre-tilt LF and
HF component in patients with PD and the control group
while baseline LF/HF was higher in PD patients than the
control group. On 5 min of tilt-up, there was a decrease in LF
and HF component in patients of PD. There was an increase in
LF component and a decrease in HF component in the control
group. The LF/HF ratio minimally decreased in patients with
PD, and the ratio was increased in the control group after
5 min of tilt-up. The increase in LF, decrease in HF and
increased LF/HF, reflects a normal response to upright tilt
as reported by Pagani et al. as well as a study by Mukai and
Hayano.?*?!! There was the very high significant difference
in LF and LF/HF ratio after 5 min of tilt-up between patient
of PD and control group. The decrease in LF and HF and
minimal change in LF/HF ratio in patients with PD on tilt-up
indicates a blunted sympathovagal response in patients with
PD'[22,23]

Disagreement exists in respect of the LF component
of HRV. LF reflects baroreflex function independently
of cardiac sympathetic innervation.” Some studies
suggest that LF, when expressed in normalized units, is
a quantitative marker for sympathetic modulations, other
studies view LF as reflecting both sympathetic and vagal
activity. High-frequency power relates to respiratory sinus
arrhythmia and therefore to parasympathetic cardiovagal
tone.* Consequently, the LF/HF ratio is considered by
some investigators to mirror sympatho/vagal balance or to
reflect sympathetic modulations.??® Inability to increase LF/
HF ratio on tilt up in patients with PD indicates impaired
sympathovagal balance. The present observation of LF/HF
ratio in HRV response to orthostasis appears to be consistent
with reported changes in norepinephrine concentration and
muscle sympathetic nerve activity.!'>?”! Studies have indicated
cardiac sympathetic denervation as a result of the loss of
catecholamine innervations in the nigrostriatal system in the
brain and sympathetic nervous system in the heart resulting
in autonomic failure in PD.['"?%

The time domain parameter SDNN was similar in both groups
at pre-tilt position. There was decrease in SDNN in patients

with PD while it was maintained in healthy population on
tilt up. A study by Pal et al. showed baseline SDNN was
significantly reduced in PD patients as compared to controls
confirming cardiac autonomic dysfunction in these patients.”!
Mastrocola et al. showed abnormalities in the diurnal HRV in
patients with PD on levodopa treatment. The SDNN and LF
spectral power were lower in patients with PD than healthy
controls during day and night, whereas the HF spectral power
was lower only during night.*” We also found suppression in
the SDNN values and all the power spectral measurements
in patients with PD on tilt-up, suggesting involvement of the
ANS.

The knowledge of the influence of PD medication on
autonomic regulation is based on the assessment of the effects
of the acute administration of a drug, of the effects of short-
time medication withdrawals, or of correlations of autonomic
dysfunction to medication. For ethical reasons, in the present
study, patients were studied under full regimen therapy that
could not be modified before the protocol was performed.
Another limitation of our study is that we have not compared
the data between the patients with and without orthostatic
intolerance/postural dizziness as we had a small sample size.

Autonomic dysfunction in patients with PD depends on the
duration and severity of the disease. In this study, we have
shown that patients with PD showed autonomic symptoms
and cardiovascular autonomic dysfunction which becomes
obvious only on stress.

CONCLUSION

Our study showed that patients with PD suffered from
symptoms of autonomic dysfunction. Postural dizziness was
present in 20% patients. There was no significant difference
in cardiovascular autonomic function in patients with PD and
normal healthy individuals in the supine position. Patients
with PD showed blunted sympathovagal balance on tilt-up
that means they had cardiovascular autonomic dysfunction
which becomes obvious only during orthostatic stress. This
has clinical significance in early detection of cardiovascular
autonomic dysfunction in patients with PD, and it may help
physicians in the management of patients to prevent frequent
falls due to dysautonomia besides movement disorder.
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