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Abstract

Background—Orthostatic hypotension (OH) is frequent in patients with Parkinson disease (PD)
and can occur with or without symptoms. Pharmacological treatments are effective but often
exacerbate supine hypertension. Guidelines exist for the diagnosis but not for the treatment of OH.
We examined the relationship between blood pressure and symptoms in a cohort of PD patients
with the goal of identifying a hemodynamic target to guide treatment.

Methods—We measured blood pressure supine and upright (tilt or active standing) and identified
the presence or absence of symptomatic OH by using a validated patient-reported outcome
questionnaire in 210 patients with PD. We evaluated the usefulness of the 20/10 and 30/15 mmHg
diagnostic criteria (systolic/diastolic) to identify symptomatic OH.

Results—Fifty percent of the PD patient cohort met criteria for the 20/10 fall and 30% for the
30/15 blood pressure fall. Among the patients who met either OH criteria, the percentage of those
with symptoms was small (33% of those with 20/10 and 44% of those with 30/15 mmHg; 16% and
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13%, respectively overall). Symptomatic OH was associated with an upright mean blood pressure
below 75 mmHg. A mean standing blood pressure <75 mmHg had a sensitivity of 97% and a
specificity of 98% for detecting symptomatic OH.

Conclusions—Although the prevalence of OH in PD is high, not all patients have symptoms of
organ hypoperfusion. A mean standing blood pressure below 75 mmHg appears to be a useful
benchmark when deciding whether the benefits of initiating pharmacological treatment of OH
outweigh the risks of exacerbating supine hypertension.

Keywords

Autonomic failure; Dysautonomia; Consensus Criteria; Supine hypertension; Standing blood
pressure; Mean blood pressure

INTRODUCTION

An estimated 30-60% of patients with Parkinson disease have orthostatic hypotension
(OH)!, which can occur with or without symptoms. Classic symptoms of OH include
dizziness, lightheadedness and syncope. These symptoms occur when blood pressure (BP)
falls on standing and cerebral perfusion pressure drops below a critical limit.2 OH increases
the likelihood of falls and is an independent risk factor for mortality.3 Symptomatic burden
can lead to immobility and physical deconditioning, which in turn further worsen the
severity of OH* 5. Randomized placebo-controlled clinical trials show that effective
treatment of OH can decrease symptoms®8, increase physical activity levels’, and improve
functionality® . This suggests that treatment of OH may help prevent this incapacitating
downward spiral.

OH in PD is the result of defective sympathetic outflow and a failure to increase peripheral
resistance when standing.1911 Currently FDA-approved pharmacologic treatments for OH
are pressor agents that work by raising peripheral vascular resistance 12, The potential
benefits of any pressor agent must be weighed against the risks of worsening supine
hypertension, which is present in 20-70% of patients with PD.13: 14 Consensus guidelines
exist for the diagnosis of OH and are based on measurements of BP in the supine and
standing position. OH is defined as an orthostatic fall of at least 20 mmHg in systolic or 10
mmHg in diastolic BP within 3 minutes of standing.1> Although an orthostatic fall of 30/15
mmHg has been proposed in the setting of severe supine hypertension.16

Consensus guidelines for the treatment of OH are lacking. The decision to treat OH
pharmacologically is geared towards lessening symptomatic burden. Relying on symptoms
alone may not always be an accurate indicator of tissue hypoperfusion caused by OH
particularly in patients with PD. Symptoms of OH in PD are many times non-specific
(lethargy or difficulty concentrating) or atypical such as a frozen appearance that can mimic
a levodopa “off” state. Patients may also have difficultly distinguishing unsteadiness when
upright as a result of basal ganglia abnormalitiesl’” from symptoms of cerebral
hypoperfusion due to OH. Syncope can also occur with little or no premonitory symptoms in
PD.

Mov Disord. Author manuscript; available in PMC 2016 April 15.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Palma et al.

Page 3

With these shortcomings in mind, we examined the association between the orthostatic fall,
standing BP and symptoms of OH in a cohort of patients with PD from the US and Europe.
Our goal was to identify a hemodynamic target that can be used when considering initiating
pharmacological treatment of OH in PD in the clinic.

METHODS
Study design

We enrolled patients with idiopathic PD in a prospective observational study. Patients were
consecutively recruited at the two participating medical centers in New York University
(New York, USA) and Hospital de Cruces (Bilbao, Spain). Participants were studied in the
morning after an overnight fast. Morning anti-hypotensive and anti-parkinsonian
medications were withheld (allowing the patients to be studied in a ‘practical off” situation).
The diagnosis of PD was made using UK Parkinson Disease Brain Bank criterial®, Patients
with cognitive impairment (Mini-Mental State Examination < 25) were excluded. Eligible
patients were assessed using the Hoehn-Yahr staging. Calculation of L-dopa equivalent dose
(LED) was performed as previously described®. All procedures were approved by our local
Institutional Review Boards and informed consent was obtained from all participants.

Blood pressure measurements

BP measurements were performed using an automated sphygmomanometer (Colin Press-
Mate 8800, San Antonio, TX) placed at heart level on the left arm. After a minimum of 20
minutes supine rest, BP was taken twice and averaged to evaluate supine BP values. Patients
were then tilted upright to a 60-degree angle or instructed to stand immaobile for 3-minutes
while BP was measured at one-minute intervals. Orthostatic stress testing was done as it was
routinely performed at each center: 101 patients underwent passive head-up tilt in the US
and 109 patients underwent active standing in Europe. The orthostatic fall was defined as the
absolute difference between supine and BP values after 3-minutes of standing. In patients
unable to tolerate 3 minutes of standing, the lowest captured BP value was used.

Symptom assessment

Symptoms of OH were assessed at three minutes of standing and measured by a trained
physician using a patient-reported validated scale?0. Patients were sub-divided based on the
presence or absence of symptoms. Those that reported dizziness, lightheadedness, visual
impairment (i.e., blurry vision, tunnel vision, diminished vision), or pain in the shoulders
and back of the neck (coat hanger pain) i.e., items 1, 2 and 6 of the OH-questionnaire2°,
were included in the symptomatic group.

Criteria and definitions

In the absence of specific criteria to define supine blood pressure parameters in patients with
OH, we defined supine hypertension according to the American Heart Association (seated)
guidelines?! as: a SBP of =140 and/or DBP of = 90 mmHg and/or MBP =110 mmHg. OH
was defined using two criteria: 1) a fall of =20 mmHg systolic or >10 mmHg diastolic BP1>;
and 2) a fall of 230 mmHg systolic or 215 mmHg diastolic BP; in both cases after 3
minutes of tilt or active standing.
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Statistical analyses

RESULTS

Patients

Data were tested first for normality and parametric or non-parametric statistical tests were
used as appropriate. Differences between groups were assessed using unpaired t-tests to
compare continuous blood pressure variables. Patients were categorized according to the
presence or absence of symptoms and data were analyzed by using Chi-squared test.
Correlation analysis (Pearson's coefficient) was used to assess the relationship between
blood pressure and patients’ characteristics. Sensitivity and specificity of the current OH
criteria to predict orthostatic symptoms were assessed. We also calculated the sensitivity and
specificity of systolic, diastolic, and mean BP after 3-min standing to predict orthostatic
symptoms by using receiver-operating characteristic (ROC) curves assuming nonparametric
conditions?2. All tests were two-sided and significance was set at p<0.05. Analyses were
performed with Prism 6 (GraphPad Software, USA).

The total sample consisted of 210 patients who met diagnostic criteria for PD (121 men and
89 women, mean age of 6611 years). The majority of patients (93%) were receiving anti-
parkinsonian medications (L-dopa, MAO-B inhibitors and dopamine agonists). At the time
of testing, nine patients (4%) were receiving midodrine (average dose of 20 mg/day) and 22
(10%) were taking fludrocortisone (average dose 0.1 mg/day). The prevalence of supine
hypertension was 21% (44 patients) and 25% (52 patients) were being treated with
antihypertensive medications. None of the patients lost consciousness during the orthostatic
challenge. Table 1 summarizes the demographics, disease characteristics, and orthostatic
challenge results.

MBP after 3 minutes upright did not differ between head-up tilt and active standing neither
in the patients that met the 20/10 nor in those that met the 30/15 OH criteria (78.5+20.2
mmHg vs. 84.4+12.4 mmHg, p=0.09; 74.5£21.2 mmHg vs. 80.1+12.1 mmHg, p=0.29).
Here we present data from the whole cohort (i.e., from both tilt and active standing groups).

Prevalence of OH and symptomatic OH

The overall prevalence of OH (with and without symptoms) in the PD cohort was 50% (105
of 210 subjects) when using the 20/10 criteria, and decreased to 30% (64 of 210 subjects)
with the 30/15 mmHg criteria (p<0.001, Figure 1). The prevalence of symptomatic OH (i.e.,
patients who experienced OH and symptoms of hypoperfusion during the orthostatic
challenge), however, was much lower: overall only 16% of patients met the 20/10 criteria
and had symptoms and 13% met the 30/15 mmHg criteria and were symptomatic (Figure 1).
In other words, only 31% of all patients that met the 20/10 OH criteria (33 out of 105) and
44% of those that met the 30/15 mmHg criteria (28 out of 64) had symptoms of
hypoperfusion.

Blood pressure standing

To explore the discrepancy between the high prevalence of OH and the low prevalence of
symptoms of OH in PD patients, we evaluated the standing BP. As shown in Figure 2,

Mov Disord. Author manuscript; available in PMC 2016 April 15.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Palma et al.

Page 5

categorizing patients according to the presence or absence of symptoms revealed a lower
standing BP after 3-min standing in the symptomatic group (p<0.001). In the group of
patients that met the 20/10 criteria, all but one (out of 33) had symptomatic OH associated
with a MBP below 75 mmHg after 3-min upright. Conversely, all but one patient (out of 72)
with asymptomatic OH had a MBP above 75 mmHg after 3-min standing. Similarly, in the
30/15 OH group all but one patient (out of 29) with symptomatic OH had a MBP below 75
mmHg after 3-min standing; while all except 3 patients (out of 35) with asymptomatic OH
had a MBP after 3-min standing above 75 mmHg.

Interestingly, we also identified 5 patients who did not have OH by either criteria but still
had low MBP standing (i.e., MBP < 75 mmHg after 3-min standing). Of these 5 patients, 3
had orthostatic symptoms (Figure 2). Most of the patients with symptomatic OH after 3-min
upright had a SBP below 100 mmHg and a DBP below 60 mmHg (Supplementary Figure
1).

Subjects with asymptomatic OH were more likely to have supine hypertension than those
with symptomatic OH (p<0.001, Supplementary Figure 2). Subjects with symptomatic OH
tended to have a more pronounced postural fall in mean, systolic and diastolic BP than those
with asymptomatic OH (AMBP: —35.5+3.2 vs. —16.4+1.1; p<0.001; ASBP: -53.1+5.1 vs.
-25.4+1.6; p<0.001; ADBP: —26.6+2.8 vs. —10.8+8.8; p<0.001). Twenty out of 25 patients
taking anti-hypotensive medications (midodrine and/or fludrocortisone) had supine
hypertension.

Relationship of OH with age, severity, disease duration and L-dopa dosage

Prevalence of OH and symptomatic OH, with both criteria, increased with age (Figure 1).
Patients with OH were older (20/10: 68+10 vs. 64+11 and 30/15: 69+9 vs. 65+11 years old;
both p=0.002), had higher MBP supine (20/10: 102+15 vs. 97£10 mmHg, p=0.003; 30/15:
10516 vs. 97+7 mmHg, p<0.001), and tended to have longer disease duration (20/10:
7.5+0.6 vs. 5.9+0.4 years; p=0.049; 30/15:; 7.3+£0.8 vs. 5.9+0.5 years; p=0.11).

There were no significant differences in the Hoehn-Yahr stage when patients were divided
according to the presence of OH (2.24+0.9 with OH vs. 2.53+0.7 without OH), and of
orthostatic symptoms (2+0.9 symptomatic vs. 2+0.8 asymptomatic).

The magnitude of the fall in mean, systolic and diastolic BP was significantly correlated
with age (age vs. AMBP p<0.001; r=-0.26, age vs. ASBP p<0.001; r=—0.30; age vs. ADBP
p<0.001; r=-0.19). Supine BP also increased with age (age vs. supine MBP p=0.01; r=0.17;
age vs. supine SBP p<0.001; r=0.28; age vs. supine DBP p=0.66; r=0.03) but standing MBP
after 3-min standing did not (p=0.32). Therefore, the magnitude of the fall in BP increased
with age. MBP after 3-min standing was not correlated with disease duration (p=0.67; r=
-0.03), or LED (p=0.98; r=0.01).

Sensitivity and specificity to identify symptomatic OH

The 20/10 criteria had a sensitivity of 92% and a specificity of 58% to identify patients with
orthostatic symptoms. When using the 30/15 criteria, the sensitivity decreased to 78% and
the specificity increased to 80%. To calculate the value with the best sensitivity and
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specificity among systolic, diastolic, and mean BP after 3-min standing we used ROC
curves. MBP after 3-min standing had the best-combined sensitivity and specificity (area
under the ROC curve of 0.996) followed by DBP after 3-min standing (area under the ROC
curve of 0.993) and SBP after 3-min standing (area under the ROC curve of 0.972). Within
the MBP after 3-min values, the one with the highest combined sensitivity and specific was
MBP < 75 mmHg (sensitivity: 97.2%; specificity: 98.3%). The use of SBP <100 mmHg
after 3-min standing had a sensitivity of 86% and a specificity of 98%; When using DBP <
60 mmHg after 3-min standing sensitivity was 94% and specificity was 100%. Overall, the
use of MBP < 75 mmHg after 3-min standing seems to provide the best sensitivity and
specificity to identify symptomatic patients (Figure 3).

DISCUSSION

OH diagnostic criteria were not intended as treatment guidelines. Indeed, as shown in this
study and others?3 current OH criteria overestimate the number of patients with
symptomatic OH and therefore are not always useful for therapeutic decision-making. Our
results suggest that a clinically useful reference level when considering pharmacologic
treatment is a MBP of ~75 mmHg at heart level when upright. This BP is close to the lower
limit of cerebral autoregulation,? 24 and at this level, virtually all patients with PD
experienced symptoms. Consistent with previously reported data, the prevalence of OH

increased with age, but not significantly with disease duration or L-dopa equivalent
dosel: 2325,

In line with our results, previous studies found that about one-third of patients with a SBP
fall of 60 mmHg (or more) during tilt-table testing were asymptomatic. Although it was
concluded that symptoms were not sensitive enough to predict OH,26: 27 these reports did
not analyze the BP standing.28 A more likely explanation for their lack of orthostatic
symptoms is that these patients, like the ones in our study, may have had a BP standing at or
above normal range and therefore, not surprisingly, were asymptomatic, despite fulfilling
criteria for OH.

In the upright normal subject, when MBP at heart level is 90-100 mmHg, cerebral MBP is
around 60 mmHg, usually the lower level of cerebral autoregulation?. In patients with
autonomic failure, including patients with PD2, it is common to observe an enhanced
cerebral autoregulatory range3C and, therefore, the MBP required to elicit symptoms might
be lower than in healthy individuals. In patients with autonomic failure and longstanding
OH, prodromal symptoms are reported to occur when MBP at eye level decreases to 40
mmHg (i.e., MBP~70 mmHg at heart level); and unconsciousness appears at about cerebral
MBP of 25 mmHg (i.e., MBP ~55 mmHg at heart level)? 31, These results are in accordance
with our findings as most of our subjects developed symptoms at MBP <75 mmHg at heart
level.

Our results indicate that, for clinical decision-making, more relevant than the magnitude of
the fall in BP from lying to standing is the actual MBP while standing, a value that
determines cerebral perfusion levels and whether symptoms are present. In our sample of
PD patients, a MBP of 75 mmHg when standing had a high sensitivity and specificity to
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identify symptomatic patients. This level, however, might not be exactly the same in all
patients and, ideally, should be individually assessed by evaluating the presence of
symptoms and if possible by using noninvasive techniques such as transcranial Doppler
ultrasonography to measure cerebral blood flow. Ambulatory blood pressure monitoring has
also proven valuable in identifying episodes of symptomatic OH that may not be apparent
during an office visit and can be therefore useful to tailor treatment.32

Our study has important limitations. The US patient cohort was referred to an autonomic
disorders center with suspected OH, and thus a selection bias is likely. In contrast, our
European cohort was examined at a movement disorders clinic regardless of the presence of
orthostatic intolerance. It is well known that L-dopa has a vasodepressor effect that can
contribute to OH33-35_ Virtually all of our patients were taking anti-parkinsonian
medications and, although we measured OH during a “practical off’ situation, some residual
effects might have contributed to worsen OH. Conversely, some patients were taking anti-
hypotensive agents including midodrine and fludrocortisone, which might have contributed
to supine hypertension. In fact, patients taking fludrocortisone had a significantly higher
supine MBP compared to those not taking anti-hypotensive medications. Removing those on
either treatment did not change the significance of our findings. Also, we did not evaluate
delayed OH (i.e., OH after more than 3-minutes after standing), which is thought to be a
consequence of milder adrenergic deficits36. The inclusion of patients with delayed OH in
our sample would have certainly increased the proportion of OH27, and should be
ascertained in further studies. Impaired cognition might be another reason that PD patients
are unaware of OH symptoms3”. However, this possibility seems unlikely as only patients
with normal cognition were selected. Finally, we did not assess cerebral blood flow.

The decision to perform active standing or head-up tilt was based on geographical location.
Active standing and passive tilt are not equivalent hemodynamic stressors. Only active
standing engages the leg muscles (the “muscle pump”), which compresses capacitance
vessels in the legs and aids venous return. Our study was not designed to address the
differences between these two testing techniques, although this is an important issue that
should be explored. During both active standing and HUT, however, most patients
experienced symptoms at the <75 mmHg MBP cut off.

In conclusion, current OH criteria are useful for the diagnosis of autonomic failure but for
therapeutic decision-making, it is more relevant how low the BP falls than the magnitude of
the fall. Anti-hypotensive pressor agents should be avoided in patients with a normal or high
standing BP. Likewise, treatment should be considered in a patient with a standing BP
below 75 mmHg, even if the patient does not meet OH criteria. These findings have
practical implications for clinical management in PD, and might be applicable to other
autonomic synucleinopathies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Prevalence of orthostatic hypotension
Overall average shows the percentages of symptomatic and global OH according to each of

the two criteria. According to age groups, there is a trend toward increased prevalence of
global and symptomatic OH with increasing age regardless of the criteria used.
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Figure 2. Mean Blood Pressure after 3-min standing in patients with and without orthostatic

hypotension and with and without orthostatic symptoms

Patients with symptoms had a significantly lower MBP standing than those with symptoms,
regardless of the presence of OH (p<0.001). In the vast majority of patients, symptoms
appeared when MBP<75 mmHg (denoted with a horizontal dashed line and shaded area).
(60.1+£10.5 mmHg vs. 89.5+12.3 mmHg in the 20/10 group; 58.4+10.1 mmHg vs. 90.3+11.1
mmHg in the 30/15 group).
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Figure 3. Sensitivity and specificity of different criteria to identify symptomatic orthostatic
hypotension
A MBP below 75 mmHg had the best-combined sensitivity (97.2%) and specificity (98.3%)

to predict symptomatic orthostatic hypotension in patients with Parkinson disease.
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Sample characteristics and overall orthostatic testing results of PD patients

Demographic features

n 210

Age (years) 66.3 + 10.6
Gender m:f 121:89
Disease duration (years) 6.7+5.6
Hoehn-Yahr score 2208
L-dopa equivalent dose (mg) 492 + 449
Treatments, n (%)

None 15 (7%)
L-dopa 170 (81%)
Dopamine agonists 67 (32%)
MAO-B inhibitors 80 (38%)
COMT inhibitors 34 (16%)
Amantadine 8 (4%)
Antihypertensives 52 (25%)
Midodrine 9 (4%)
Fludrocortisone 22 (10%)
Orthostatic testing results

SBP supine (mmHg) 1417 +21.4
DBP supine (mmHg) 78.9+11.2
MBP supine (mmHg) 99.9+13.3
HR supine (bpm) 73.8+9.7
Supine hypertension 44 (21%)
SBP standing 3-min (mmHg) 122.2+24.2
DBP standing 3-min (mmHg) 71.1+145
MBP standing 3-min (mmHg) 87.9+17.1
HR standing 3-min (bpm) 776+11.2
OH according to 20/10 mmHg 105 (50%)
OH according to 30/15 mmHg | 64 (30%)
Symptomatic OH 20/10 mmHg | 33 (16%)
Symptomatic OH 30/15 mmHg | 28 (13%)
OH - fall in 20 and 10 mmHg 43 (20%)
OH - fall in 30 and 15 mmHg 31 (15%)
No OH with either criteria 105 (50%)
A SBP (mmHg) -19.4+243
A DBP (mmHg) -7.9+122
A MBP (mmHg) -11.9+157
AHR (bpm) 38+7.1
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SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; HR: heart rate; OH: orthostatic hypotension.
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