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Abstract

Objective Orthostatic hypotension (OH) is common in
Parkinson disease (PD) and multiple system atrophy of
parkinsonian type (MSA-P), but the pathophysiology of
OH is different in the two. We hypothesised that the
baroreflex-independent sympathetic reactivity may also be
different in them. To evaluate this we assessed the sym-
pathetic vascular reactivity and the heart rate response to
the standard cold pressor test (CPT) in these patients.
Methods The study was conducted in ten patients with
PD with OH, 5 PD without OH, 13 MSA-P with OH, and 7
MSA-P without OH. Lead II ECG and finger PPG (pho-
toplethysmography) were simultaneously acquired during a
baseline period of 1 min followed by a 10 °C cold expo-
sure (1 min) of the contralateral hand (CPT). The vascular
response was then evaluated by computing the pulse transit
time (PTT).

Results The percentage decrease in PTT during the CPT
was significantly higher in patients with PD as compared to
MSA-P, irrespective of the presence or absence of OH
(=274 £ 096 vs —0.05 £ 0.75 %, p =0.03; PD vs
MSA-P with OH and —3.04 + 0.85 vs 0.48 + 1.13 %,
p = 0.04; PD vs MSA-P without OH). The rise in heart
rate during CPT was similar in patients with PD and MSA-
P with or without OH (495 £ 1.6 vs 5.99 £ 1.04,
p = 0.28; PD vs MSA-P with OH and 5.62 4+ 1.31 vs
13.15 £ 2.89, p = 0.06; PD vs MSA-P without OH).
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Introduction

Autonomic dysfunction is common in patients with
parkinsonian syndromes [1]. Orthostatic hypotension (OH)
being a cardinal feature of autonomic failure fails to dif-
ferentiate between them [2]. However, the pathophysiology
of OH in Parkinson disease (PD) and multiple system
atrophy of parkinsonian type (MSA-P) has been suggested
to be of different origins. Central lesions in the upper
brainstem in association with cardiac denervation in PD [3]
and central lesions of the upper brainstem only in MSA-P
have been suggested to be the cause of dysautonomia-re-
lated orthostatic hypotension. We hypothesised that the
baroreflex-independent sympathetic reactivity could also
be different in them. To evaluate this, we assessed the
change in pulse transit time as a measure of the sympa-
thetic vasoconstrictor response and the heart rate response
to moderate cold exposure in patients with PD and MSA-P.

Method

Patients with PD diagnosed under the UKBB criteria [4]
and multiple system atrophy of the MSA-P under the
Second Consensus Criteria 2008 [5] were recruited from
the Neurology Outpatient Department of All India Institute
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of Medical Sciences (AIIMS), New Delhi, India. Only
male patients of the age group 50 + 10 years were inclu-
ded in the study. Patients with PD with severity by Hoehn
and Yahr scale of IV and V and MSA-C diagnosed under
the Second Consensus Criteria 2008 [5] were excluded
from the study. Special care was taken to select patients
without other co-morbidities such as hypertension, diabetic
neuropathy, and any vascular disorders (Table 1).

The study was conducted on 35 patients with Parkinson
disease (10 patients with PD with OH, 5 PD without OH,
13 MSA-P with OH, and 7 MSA-P without OH) from
April 2012 to August 2013. The diagnosis of OH was
done by a 5 min head-up tilt test. The American Auto-
nomic Society (AAS) and the American Academy of
Neurology (AAN) define OH as a systolic blood pressure
decrease of at least 20 mmHg or a diastolic blood pressure
decrease of at least 10 mmHg within 3 min of standing up
[6]. Subjects were included in the study only after written
consent. All subjects were asked to refrain from exercise,
alcohol, caffeine, and nicotine for at least 4 h prior to the
tests.

Recording

Subjects were made to rest for 15 min. Lead II ECG and
finger PPG (photoplethysmogram) were simultaneously
acquired until a stable baseline was obtained. Stability
was assessed by the visual inspection of the records. The
stable baseline was recorded for 1 min followed by the
immersion of the contralateral hand in cold water of
10 °C for 1 min. Lead II ECG and PPG were continu-
ously recorded during the complete procedure. The vas-
cular response was evaluated by computing the pulse
transit time (PTT) from the acquired ECG and PPG pulse
waveforms.

Pulse transit time

Pulse transit time is the time interval between each R wave
peak and the foot (defined as the point at which signal
voltage is 10 % above the preceding baseline value) of the
corresponding PPG pulse waveform.

Procedure of signal analysis and extraction
of parameters

Identification of the R wave peak was done using the peak
detection module of Labchart pro 7% software and select-
ing the peak detection algorithm for analyzing a human
ECG. Appropriate threshold was set for peak detection, so
that all the R wave peaks were properly detected on manual
verification. Identification of the peaks and valleys of the
PPG pulse waveform signal was done using the peak
detection module of Labchart pro 7% software and select-
ing the peak detection algorithm for analyzing the cardio-
vascular finger pulse. Appropriate thresholds were set for
peak detection of pulse waveforms so that all the systolic
peaks were properly detected, which was subsequently
verified by manual screening of the data. Fig. 1a shows a
segment of recorded data comprising ECG and PPG signals
with their peaks detected from beat to beat.

Baseline drifts were observed during all recordings of
PPG. No attempt was made to correct the baseline drift
using filters, etc., to avoid the influence of filtering per se
on the amplitude component of the waveform. The foot
point (start of the wave) was identified following the cri-
teria that were built-in features of Labchart pro 7 software
(AD instruments): Ty iS 5 % of the height away from the
baseline sampling rate of 1 kHz.

After completing the identification of the signal wave-
form features, all the required parameters were extracted
beat to beat in Microsoft excel format for further plotting
and analysis. Pulse transit time was calculated using the
extracted time parameters by applying the following for-
mula as a math function in Excel: Pulse transit time = time
point of the foot of pulse wave — (time point of the base of
the corresponding R wave peak + time to the peak of R
wave from R wave base).

Pulse transit time was calculated from the pulse wave-
form recorded prior to (PTT,) and during immersion of the
hand in cold water (PTTy) for 1 min. The delta change in
PTT (APTTcpy) is calculated from the difference between
PTT, and PTTy:

APTTcpr = PTT; — PTT,.

Table 1 Characteristics of PD 4+ OH, PD no OH, MSA-P + OH, and MSA-P no OH subjects

Subjects N  Gender Age (years) Duration of the disease (years) NIDDM  Hypertension Levodopa  Fludrocortisone
PD + OH 10  Males 53+£6 1.3 £0.48 N/A N/A 10 0
PD no OH 5 Males 52+5 1.4 £ 0.54 N/A N/A 5 0
MSA-P + OH 13  Males 52+5 1.5 + 0.51 N/A N/A 13 7
MSA-P no OH 7  Males 51+4 1.37 £ 0.51 N/A N/A 7 0

Only male patients without a history of any co-morbid conditions were chosen for the procedure. Special care was taken to exclude patients with
MSA-C and PD patients with severity of IV and V on the Hoehn and Yahr scale
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Fig. 1 a Overlapped ECG and PPG signals with their peaks detected from beat to beat. b Cold pressor test performed by a PD patient for 1 min

The delta change is PTT is expressed as a percentage
decrease from the baseline values:

APTTcpr = [(PTT; — PTT,)/PTT,] x 100.

Delta change in the heart rate (AHcpy) was calculated
from the ECG recordings before and during CPT. Analysis
was done by Labchart pro 7% software. Average heart rate
during 1 min of rest (H,) and maximum heart rate during
CPT (H,,,x) were calculated from the recorded ECG. Delta
change in the heart rate was calculated from the difference:

A[{CPT = Hpax — H,.

Precautions

Continuous monitoring of the subjects prevented develop-
ment of pain and/or hyperventilation. The procedure was
stopped on any complaint of pain or discomfort and data
were not recorded. This was done to avoid patient discomfort
as well as to prevent pain or hyperventilation from becoming
a confounder in the data being recorded. Continuous moni-
toring of the pulse waveform for assessing the change in
respiratory rate was done to prevent the effect of hyperven-
tilation on the vascular and respiratory responses. Hyper-
ventilation usually occurs after 1 h of cold exposure [7].

Statistical analysis

Each parameter was tested for distribution of the data based
on standard normality tests (D’ Agostino—Pearson omnibus
normality test and Shapiro—Wilk test). Where the data
distribution was “Gaussian”, parametric tests were applied
and, for non-Gaussian distribution, appropriate nonpara-
metric tests were applied. The following tests were used:
independent ¢ test and Mann—Whitney test as appropriate
for the analysis of the data. The level of statistical signif-
icance was set at p < 0.05. All statistical analyses were

performed using GraphPad Prism version 5.00 for Win-
dows (GraphPad Software, Inc., USA).

Results

Decrease in PTT (vasoconstriction) during CPT
was obtained in PD, but not in MSA-P

In patients with PD, the decrease in the pulse transit time
during cold immersion was significantly greater than that
of patients with MSA-P, irrespective of the presence or
absence of OH (—2.85+ 066 vs 0.13 £ 0.61 %,
p = 0.002) as shown in Fig. 2a. The percentage fall in PTT
during CPT in patients with PD with OH was significantly
higher than in MSA-P with OH (—2.74 &£ 0.96 vs
—0.05 £ 0.75 %, p = 0.03) as shown in Fig. 2b, and in
PD without OH was significantly higher than in MSA-P
without OH (—3.04 £ 0.85 vs 0.48 = 1.13 %, p = 0.04)
as shown in Fig. 2c.

Heart rate rise during CPT was similar in PD
and MSA-P

The rise in heart rate during moderate cold exposure was
similar in Parkinson disease and MSA-P (4.65 + 1.68 vs
5.99 + 1.046 bpm, p = 0.28) as shown in Fig. 3a. In
patients with OH, the result was similar (4.95 £ 1.6 vs
5.99 £ 1.04 bpm, p = 0.28) as shown in Fig. 3b, but in
those without OH the rise in heart rate showed an
increasing trend in MSA-P when compared to patients with
Parkinson disease (5.62 £ 1.31 vs 13.15 &£ 2.89 bpm,
p = 0.06) as shown in Fig. 3c. The rise in heart rate in
patients with MSA-P without OH was significantly higher
than patients with MSA-P with OH (13.15 & 2.89 vs
5.99 + 1.04 bpm, p = 0.01) as shown in Fig. 3d.
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Fig. 2 a The percentage fall in PTT during CPT in patients with PD
was significantly higher than in MSA-P (—2.85 & 0.66 vs
0.13 £ 0.61 %, p = 0.002). b The percentage fall in PTT during
CPT in patients with PD with OH was significantly higher than in
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Discussion

Exposure to a temperature of 10 °C for a short duration
elicits cardiovascular responses independent of the
baroreflex pathway. It has been postulated that acute cold
exposure evokes marked vasoconstriction [8, 9] and
increase in heart rate [10]. A temperature below 10° ren-
ders the cold receptors inactive [11]. Cardiovascular
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responses at still lower temperatures are elicited due to pain
rather than cold.

In this study, the baroreflex independently sympatheti-
cally mediated vasoconstrictor response in patients with
PD, and multiple system atrophy of MSA-P was assessed
by comparing the pulse transit time before and during a
cold pressor test (CPT). Pulse transit time (PTT) is the time
interval between the R-peak of the ECG and the arrival of
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the pulse wave at the finger. Thus, all the components of
the arterial tree contribute to this transit time. The arterial
stiffness is not uniform throughout the path of the pulse
wave; thus, no global measurement will be able to differ-
entiate between regional arterial stiffness and the pulse
wave velocities. These issues assume more importance
when single time measurements are made and form the
basis of comparison between individuals on the absolute
values obtained. In the present study, the change in the
pulse transit time during the hand immersion in cold water
was done in the same person.

The pulse waveform was recorded by means of a finger
photoplethysmograph (PPG). Recording beat-to-beat blood
pressure along with the photoplethysmogram would have
been a better option for interpreting the results, but since
one hand of the subject was immersed in cold water, the
option was to use the other hand for PPG along with beat-
to-beat blood pressure monitoring on different fingers of
the same hand. The choice was made for PPG for the
convenience of the patient and issues with beat-to-beat
measurement during peripheral vasoconstriction [12].

The vasoconstrictor response as assessed by the PTT
was less pronounced in patients with MSA-P when com-
pared to patients with PD. The vascular response was
compromised in patients with MSA-P, irrespective of the
presence or absence of orthostatic hypotension.

The baroreflex-independent rise in heart rate as a
response to CPT in patients with PD and MSA-P was
assessed by comparing the maximum heart rate during CPT
with the baseline. Maximum heart rate instead of average
heart rate during CPT was compared to the baseline to
negate the role of baroreceptors in modulating the heart
rate. During CPT there is activation of the sympathetic
system via a baroreceptor-independent pathway leading to
an increase in blood pressure and heart rate. This increase
in blood pressure would result in firing of the baroreceptors
which would result in a decrease of the heart rate. Hence,
an average of the heart rate during cold exposure would not
produce a sympathetic system-mediated increase in heart
rate.

The rise in heart rate as a response to CPT in patients
with Parkinson disease, irrespective of the presence or
absence of OH, was less than that of normal healthy indi-
viduals. Normal percentage increase in heart rate as a
response to cpt is 11-13 % [13, 14]. This could be attrib-
uted to the fact that patients with PD have been found to
have cardiac denervation proven by various MIBG studies
[15, 16]. Patients with MSA-P with OH also had a similarly
low rise in heart rate in response to moderate cold expo-
sure. This could be due to the fact that 25-30 % of patients
with MSA-P have also been found to have cardiac dener-
vation on MIBG studies [16]. Patients with MSA-P without
OH had a rise in heart rate comparable to healthy

individuals [13, 14]. This could be either because patients
with MSA-P without OH do not have a compromised
cardiac response, or the rise in heart rate could be a com-
pensatory response to the compromised vascular response,
or it could be possible that patients had a different diag-
nosis altogether.

The compromised vascular response in patients with
MSA-P could be due to a lesion in any of the following sites:
(1) the sensory pathway carrying the cold responses; (2) the
center; (3) sympathetic innervations to the vessels; (4)
effector organ (vessels) in isolation. In patients with MSA-P
without OH, the increase in heart rate in response to cold
appears to be better when compared to patients with PD and
MSA-P with OH, but the vascular response remains com-
promised. From this result, a lesion in the sensory pathway
and/or the center can be ruled out in MSA-P without OH.

The poor vascular and heart rate response to cold
exposure seen in patients with MSA-P with OH can be
explained by the fact that in MSA-P there is a lesion at the
level of the rostroventrolateral medulla (RVLM) [17], but
this is not the case in PD [18]. The compromised heart rate
response in PD could be due to cardiac denervation. Sev-
eral studies show involvement of the IML, sympathetic
ganglia, and adrenal medulla by alpha-synuclein (alpha-
SYN)-associated pathology in PD. In MSA, involvement of
the RVLM has been reported.
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