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Abstract

Purpose of review—Patients with neurogenic orthostatic hypotension (OH) frequently have 

hypertension in the supine position (sHTN). We review the controversies surrounding the need and 

safety of treating sHTN in patients with OH.

Recent findings—The presence of sHTN complicates the management of OH because 

treatment of one can worsen the other. New approaches have been developed to treat OH 

without worsening sHTN by preferentially improve standing blood pressure, such as medications 

that harness the patient’s residual sympathetic tone like pyridostigmine and atomoxetine, and 

devices such as an automated abdominal binder that targets the inappropriate splanchnic venous 

pooling causing OH. There is a reluctance to treat sHTN for fear of increasing the risks of falls 

and syncope associated with OH, thought to be more immediate and dangerous than the late 

complications of organ damage associated with sHTN. This, however, does not take into account 

that nighttime sHTN induces natriuresis, volume loss, and begets daytime orthostatic hypotension. 

It is possible to treat sHTN in ways that reduce the risk of worsening OH. Furthermore, novel 

approaches, such as the use of local heat can control nighttime sHTN, reduce nocturia and improve 

OH.

Summary—Although continued progress is needed, recent findings offer hope that we can treat 

nocturnal sHTN with the goal of improving daytime OH, strongly suggesting the controversy 

whether to treat or not sHTN.
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1. Introduction

Orthostatic hypotension is defined as a sustained reduction of systolic blood pressure (SBP) 

of at least 20 mmHg, or of diastolic blood pressure (DBP) of 10 mmHg within 3 minutes 

of standing or at least 60-degree head-up tilt [1]. OH has a prevalence of approximately 

5–6% in the general population, it increases significantly with aging, and is up to 50% in 

nursing homes and 68% in hospitalized elderly [2, 3]. OH significantly impairs quality of 

life [4], is associated with a 2.6-fold increased risk of falls [5], and is an independent risk 

factor of mortality [6]. The most severe forms of OH are seen in neurodegenerative disorders 

of the autonomic nervous system, due to the deposit of alpha-synuclein that impair neural 

pathways involved in cardiovascular control either in the central nervous system forming 

glial cytoplasmic inclusions (multiple system atrophy, MSA) or in the periphery forming 

Lewy bodies (Parkinson’s disease, PD and pure autonomic failure, PAF) [1].

Although the disabling nature of symptoms associated with OH dominate the clinical 

picture, impairment of cardiovascular autonomic regulation also leads to an increase of 

BP in the supine position [7, 8]. Supine hypertension (sHTN), defined by recent consensus 

statements as a SBP of at least 140 mmHg and/or DBP of at least 90 mmHg [7] can appear 

de novo or as the result of preexisting essential hypertension. It has been estimated that 

more than 50% of patients with OH [9], and approximately 34–46% of patients with MSA 

or PD [10, 11], may suffer sHTN. It is likely, however, that the actual prevalence of sHTN 

might be higher because sHTN is often overlooked by both patients and clinicians, in part 

because autonomic failure patients can remain asymptomatic even when blood pressure is 

very high [8]. The diagnosis of OH and sHTN can be easily made by measuring supine and 

upright BP and HR. However, these are rarely performed in the clinic. Only seated BP is 

routinely measured, and it is normal in most patients. Home BP measurements and 24-hour 

ambulatory BP monitoring can also help in the diagnosis [7, 12].

The presence of supine hypertension complicates the management of OH because treatment 

of one can worsen the other. It has been argued that management of OH should have priority 

over treatment of sHTN because the short-term risk of falls and syncope [13] associated with 

OH is greater than the long-term consequences of end-organ damage associated with sHTN, 

particularly in patients with reduced life expectancy. This view, however, does not take into 

account that supine hypertension can worsen orthostatic hypotension by inducing pressure 

diuresis. In this review we will discuss the hemodynamic mechanisms and pathophysiology 

of sHTN, including the concept of pressure diuresis. We can then apply these concepts to the 

management of OH with therapies that preferentially improve OH without worsening sHTN, 

and new treatment options for sHTN that may improve OH. Development and validation of 

these novel approaches will be transformative, solving the argument whether or not to treat 

sHTN in patients with OH.
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2. Pathophysiology of the hypertension of autonomic failure

Long-acting pressor agents used in the treatment of OH, most notably fludrocortisone, 

can induce sHTN. Supine hypertension can also be due to the worsening of preexisting 

essential hypertension because of loss of baroreflex buffering capacity characteristic of 

autonomic failure. Finally, sHTN can arise de novo, as part of the impairment in autonomic 

cardiovascular regulation. Hemodynamically, sHTN is driven by an increase in systemic 

vascular resistance [14]. The pathophysiology of this paradoxical vasoconstriction differs 

depending on the underlying cause of autonomic failure. In patients with MSA, central 

autonomic pathways are impaired but efferent noradrenergic fibers are preserved, as 

evidenced by normal or only slight reduced plasma norepinephrine [15]. In these patients, 

ganglionic blockade with trimethaphan, by eliminating this residual sympathetic tone, 

dramatically reduces supine blood pressure to normotensive levels [16, 17]. Thus, in MSA 

patients sHTN is driven by residual sympathetic tone.

In patients with peripheral forms of autonomic failure, such as PAF and PD, efferent 

autonomic fibers degenerate, as reflected by low plasma norepinephrine. Residual 

sympathetic tone may still contribute to sHTN in mildly affected patients, but in patients 

with severe forms of the disease sHTN is unresponsive to trimethaphan [17] suggesting that 

sympathetically independent mechanisms are involved in its genesis. The driving force of 

the increased systemic vascular resistance in peripheral forms of autonomic failure is not 

clear. Nitric oxide mechanisms are not only intact in these patients but can even contribute 

to their OH [18], and potentiation of nitric oxide-induced vasodilation can be used to treat 

their sHTN [18, 19]. Supine hypertension also responds to blockade of angiotensin receptors 

with losartan [20] and mineralocorticoid MR receptors with eplerenone [21], suggesting that 

these mechanisms contribute to sHTN.

2. Treating OH Without Worsening sHTN

Ideally, therapies for OH would selectively improve upright BP without increasing supine 

BP. Most pressor agents used in OH, however, increase both supine and upright BP, and 

some increase supine BP more than standing. Fludrocortisone is an example of the latter and 

whenever possible it should be avoided in patients with sHTN because it has a poorer safety 

profile than midodrine, particularly in patients with heart failure [22]. Midodrine also can 

worsen sHTN but the risks can be reduced by having patients avoid the supine posture for 

3–4 hours after each dose. Newer therapies like atomoxetine [23] and droxidopa [24] may 

have a lower risk of worsening sHTN but comparative studies are not available. Oral water 

bolus can also provide an effective approach to improve upright BP [25] because its effect is 

short-lived enough that supine posture can be avoided.

Pyridostigmine, a cholinesterase inhibitor that blocks the hydrolysis of acetylcholine in 

the synaptic cleft can be used to treat OH by preferentially increasing BP while standing 

without worsening sHTN (Table 1) [26–28]. The theoretical basis of its use is that it 

facilitates neurotransmission at the level of the autonomic ganglia, thus amplifying the 

increase in sympathetic tone that occurs on standing. It is particularly useful in milder 

patients with sufficient “sympathetic reserve” but may not benefit severely affected patients. 
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For this type of patients, yohimbine is a better alternative [29]. Yohimbine is an alpha-2 

antagonist, pharmacologically opposite to clonidine; it increases central sympathetic outflow 

and potentiates the release of norepinephrine from postganglionic noradrenergic fibers [28].

Whereas most therapies for OH have relied on increasing blood pressure by inducing arterial 

vasoconstriction, the primary hemodynamic mechanism of OH is gravity-induced venous 

pooling, mostly in the splanchnic circulation, that leads to a dramatic reduction in venous 

return and stroke volume. Compression garments, applied to the lower body, have been used 

to treat OH by improving venous return, but are difficult for patients to apply at a constant 

effective pressure. An alternative option recently developed is an automated abdominal 

binder that senses upright posture and inflates to a servo-controlled constant pressure (Table 

1) [30]. Preliminary studies suggest that this device is as effective in improving upright 

BP as the alpha- agonist midodrine, arguably the most frequently used medication in the 

treatment of OH. The device is activated only on standing, so it has no effect on seated or 

supine BP.

Thus, several alternatives are now available to improve orthostatic hypotension while 

reducing the risk of worsening sHTN.

3. Risks Associated with OH and with sHTN, and the Dilemma of Which to 

Treat

The incidence of OH and hypertension increases with aging, so it is not surprising that 

they often coexist. Indeed, hypertension is the most common comorbidity in cohorts of 

individuals with OH [31]. There are known long-term risks associated with either OH and 

hypertension. OH is an independent risk factor of overall mortality, even after considering 

traditional risk factors including hypertension [6]. OH is not only associated with increased 

cardiovascular mortality, but also with non-cardiovascular mortality; it is not clear if this 

represents a causal relation or if OH is a marker of frailty or other risk factors. In 

the general population, hypertension is also associated with well-known risks, including 

end-organ damage (e.g., heart, kidney, and brain) and increased mortality. Thus, there are 

compelling reasons to treat both conditions, but until recently it has not been clear if treating 

hypertension will worsen OH. This potential treatment dilemma appears to be resolved in 

the general population. Hypertension is not only associated with OH, but the incidence 

of OH and falls is greatest in patients with uncontrolled hypertension than in those with 

controlled hypertension or normotension [32]. Observational studies have shown that there 

is a relationship between OH and hypertension, but not with the use of antihypertensive 

medications, suggesting that treatment of hypertension does not have a negative impact on 

OH [33]. A more recent meta-analysis of large randomized clinical trials for the treatment of 

essential hypertension has shown that intense BP-lowering treatment actually decreased the 

risk for OH [34].

On the other hand, in patients with autonomic failure, there is still disagreement whether 

or not to treat sHTN in part because of uncertainties about the risk/benefit analysis. Cross-

sectional studies have shown that sHTN is associated with cardiac hypertrophy [35, 36] and 

impaired renal function [37], indicating that impaired sympathetic function does not confer 
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protection from end-organ damage. Based on data from the general population, one can infer 

that this end-organ damage would lead to cardiovascular and renal disease, stroke, and death, 

but large epidemiological studies are not available and unlikely to be undertaken. In can 

be argued that the decision to treat sHTN with the goal of preventing long-term adverse 

events should be individualized considering the patient underlying diagnosis and prognosis. 

For example, patients with MSA have shorter life expectancy because of the progression of 

neurodegeneration [38] and may not benefit from aggressive treatment of sHTN [39]. On the 

other hand, patients with PAF have a better prognosis and generally survive longer and may 

reap a greater long-term benefit of treating sHTN compared to MSA.

Because of these uncertainties, many have advocated that treatment of OH should be 

prioritized over management of sHTN. The main argument is that the short-term risks 

associated with OH are greater than the potential long-term risks of sHTN. Of particular 

concern is the risk of falls known to be increased in OH patients [13]. The risk of falls 

is particularly concerning in patients with movement disorders, and a common cause of 

hospitalizations in PD. The cause of falls is likely multifactorial in PD, but OH is believed 

to be a contributing factor. Another concern is the association between OH and cognitive 

impairment and dementia (see [13] for review of the evidence). Thus, it has been suggested 

that management of OH should be prioritized over treatment of sHTN [13].

It is not known, however, if treatment of sHTN will increase or lower the risk of falls or 

the development of dementia. Furthermore, the presence of sHTN is also associated with 

an increased risk of dementia. For example, the presence of sHTN is associated with brain 

white matter lesions [11, 40] and cognitive dysfunction [11] in patients with MSA and PD. 

Also, reverse dipping (i.e., blood pressure paradoxically increasing during sleep), often seen 

in autonomic failure patients, is associated with small vessel cerebrovascular disease and 

subsequent cognitive impairment in the general elderly population [41].

4. Nocturnal sHTN begets Daytime OH

Even if the long-term negative consequences of sHTN are not completely known, sHTN can 

have an immediate negative impact to OH because of nocturnal pressure diuresis, which was 

discussed shortly in the introduction. Not only high blood pressure itself affects pressure 

diuresis, but also chronic hypertensive status may worsen arterial blood pressure, and 

thereby aggravate pressure diuresis through a vicious cycle (i.e., progressive renal damage 

resulting in an additional increase in arterial pressure and glomerular hydrostatic pressure, 

leading to worsening of renal functionn) (Figure 1) [42]. Autonomic failure patients have 

a reversal of the normal diurnal pattern of natriuresis and lose approximately twice more 

urinary sodium (on average 4 g), and volume (on average 1.3 L) during the night compared 

to the day. This explains why patients often experience worsening of their OH symptoms 

early in the morning. This nocturia not only impairs sleep and quality of life but may also 

increase the risk of syncope and falls during the night.

Thus, there is an argument to be made that treating sHTN, in ways that reduce the risk 

of worsening OH, would be beneficial to these patients. Novel therapeutic approaches, 
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reviewed below, also raise the possibility that it may be possible to treat sHTN in a way that 

would improve OH.

5. Treating sHTN While Reducing the Risk of Worsening OH

Most patients with OH and sHTN have normal seated BPs. Thus, during the day, the most 

effective way to prevent hypertension without worsening OH is simply to avoid the supine 

position, particularly after taking pressor drugs to treat OH, or while wearing compression 

stockings or abdominal binders. If rest is needed during the day, patients should sit in a 

reclining chair with their feet on the floor. A few patients, however, can still be hypertensive 

while seated, which greatly complicates their management. Short-acting antihypertensives 

that are less likely to worsen OH such as angiotensin II receptor blockers (e.g., losartan) and 

calcium channel blockers (e.g., nifedipine) might be considered (Table 1). Alpha blockers 

and diuretics can exacerbate OH and should be avoided.

While sHTN can be effectively controlled by avoiding recumbency during the daytime, it 

remains a management problem during nighttime in most patients. However, about one-third 

of patients with sHTN retain the normal BP dipping pattern, with elevated levels early in the 

night that then dip to normal values, with a nadir around 4 AM [43]. A 24-hr ambulatory BP 

monitor, time-programmable monitor, or manual BP measurements at 4 AM can be useful 

to detect this pattern. Antihypertensive medications may not be necessary, and these patients 

may only require ingestion of a carbohydrate-rich snack at bedtime to induce postprandial 

hypotension and transiently lower BP [44].

In patients with sustained sHTN throughout the night (i.e., nocturnal sHTN), treatment has 

been focused on the use of short-acting antihypertensive drugs given at bedtime [7, 12]. 

The appropriate choice of medication is based on small, single-dose clinical trials showing 

short-term decreases in nighttime BP.

Plasma renin activity is undetectable in most patients with OH, likely due to renal 

sympathetic denervation [45]. Paradoxically, angiotensin II levels are elevated, and 

aldosterone levels are normal, suggesting that these downstream products of the renin-

angiotensin pathway may contribute to the sHTN of autonomic failure [20, 21]. Indeed, 

the AT1 blocker losartan (50 mg at bedtime) and the mineralocorticoid receptor antagonist 

eplerenone (50 mg at bedtime) decreased nighttime SBP by about 32 mmHg at 6 and 

8 hours after administration, respectively (Figure 2) [20, 21]. In contrast, the angiotensin-

converting enzyme inhibitor captopril had less of an effect on SBP [20]. Nighttime 

natriuresis and fluid loss were only decreased by losartan, and none of them improved 

morning OH [20, 21].

Patients with autonomic failure are exquisitely sensitive to nitric oxide donors. Transdermal 

nitroglycerin patches (0.1 mg/h) applied at bedtime and removed in the morning have 

been effective in reducing BP in these patients [25, 46]. SBP maximally decreased by 36 

mmHg 4 hours after administration (Figure2). Increasing nitric oxide bioavailability with the 

phosphodiesterase 5 inhibitor sildenafil (25 mg at bedtime) also lowered nocturnal BP with 

a maximal SBP reduction of 24 mmHg at 8-hour post drug [19]. Similar antihypertensive 
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effects were seen with nebivolol (5 mg at bedtime), a selective β1-receptor blocker with 

nitric oxide-mediated vasodilating properties [19]. This effect is not mediated through beta-

blockade, because metoprolol had no BP-lowering effect [19]. None of the medications, 

however, had an effect on nocturnal urinary sodium excretion or orthostatic tolerance in the 

morning [19, 25, 46].

The short-acting calcium channel blocker nifedipine (30 mg at bedtime) induces sustained 

reductions in BP throughout the night with maximal reductions in SBP of 37 mmHg 4 

hours after administration (Figure 2) [25]. Despite this effect, it induced nocturnal natriuresis 

and worsened orthostatic hypotension the next morning, which limits the utility of calcium 

channel blockade in the management of sHTN. If used, we recommend 30 mg extended-

release at bedtime or 10 mg short-acting.

Central sympatholytic drugs such as the α-2 agonist clonidine (0.1 mg in the evening) 

have been effective in controlling sHTN in patients with residual sympathetic function, 

particularly in those with central autonomic dysfunction such as MSA patients [46]. 

Clonidine produced a maximal decrease in BP of 29 mmHg after 6 hours of administration 

and reduced nighttime natriuresis (Figure 2). Morning orthostatic tolerance, however, was 

not improved likely due to residual effects of the medication [46]. This agent should be 

administered in the afternoon rather than at bedtime, to reduce this residual hypotensive 

effect in the morning.

It is important to note that these studies were single-dose inpatient trials in which the 

possibility of worsening OH during the night was not systematically assessed. Although 

none of these studies reported increased nocturnal falls during treatment (e.g., when they 

stand up at nighttime to urinate), patients should still be advised about this potential risk, and 

the use of a urinal or bedside commode should be encouraged.

Thus, several antihypertensives are effective in lowering BP during the night. However, the 

goal of treating nocturnal sHTN is not only to lower BP to prevent end-organ damage and 

reduce cardiovascular risks, but also to decrease nighttime pressure diuresis and nocturia, 

and thereby improve daytime OH and quality of life. Unfortunately, no medication studied 

so far has met all the criteria for an ideal therapy for sHTN. Of the medications described 

above, only clonidine and losartan reduced nighttime diuresis, and none improved morning 

orthostatic tolerance (Figure 2). Thus, there is an unmet need to develop an alternative 

approach that would effectively treat nocturnal hypertension while improving nocturia and 

daytime OH.

6. Treating sHTN to improve OH

Sleeping in a head-up tilt (HUT) position has long been advocated in the management of 

sHTN. Small observational studies showed that this is one of the few interventions that both 

decreased nocturnal natriuresis and improved morning OH and symptoms, even in patients 

without sHTN [47, 48]. To be effective, however, this approach required sleeping with the 

entire bed head-up tilted by at least 12° (~16-inch elevation of the head of an average bed) 

[47, 48]. This degree of tilt limits the effectiveness of this approach because it is difficult for 
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patients (and their caregivers) to tolerate [44, 49]. Lesser degrees of HUT are better tolerated 

but also less effective. In the only randomized clinical trial assessing the efficacy of HUT 

sleeping, a HUT of 5° (~6-inch elevation of the head of the bed) failed to improve morning 

OH [50].

A 10° of HUT (~13-inch elevation of the head of the bed) is the highest degree of tilt 

that patients can tolerate [44], and one that can be achieved by standard electric beds or 

by placing a wedge under the mattress or blocks under the legs of the bed’s headboard. 

However, the efficacy and tolerability of this degree of tilt have not been assessed 

systematically. In our experience, this degree of HUT produces only modest decreases in 

BP in most patients. Finally, patients should be advised of the potential risk of falls when 

getting out of a tilted bed. Alternatively, sleeping with only the head of the bed tilted up by 

30° (i.e., semi-recumbent position) has been suggested, especially for patients not tolerating 

tilting of the whole bed [44]. The efficacy of this approach, however, has yet to be tested.

A common complain of patients with OH is that exposure to ambient heat significantly 

worsens their OH symptoms (i.e., heat intolerance) [51]. Ambient heat induces nitric oxide-

dependent skin vasodilation and normal compensatory autonomic responses prevent BP 

from falling. Heat-induced skin vasodilation is preserved in these autonomic failure patients 

[52, 53], and because these patients have increased sensitivity to the vasodilatory effects 

of nitric oxide, we tested whether heat had an acute BP-lowering effect and whether this 

effect can be used to treat their nocturnal sHTN [54]. We found that low levels of local 

passive heat (40–42°C applied with a heating pad placed over the abdomen for 2 hours) had 

an acute and profound BP-lowering effect (maximal decrease in SBP of 19 mmHg), with 

a rapid onset of action and recovery (<30 minutes). We then conducted a proof-of-concept 

study with overnight local passive heat therapy (38°C applied with a water-perfused heating 

pad placed under the torso from 10 PM to 6 AM). We found that it effectively lowered 

nocturnal BP, resulting in a maximal SBP reduction of 28 mmHg, an effect comparable 

to that of pharmacologic antihypertensive treatments we have previously studied (Figure 2) 

[19–21, 25, 46]. Nocturnal urinary loss and morning OH improved in patients with greater 

BP responses to overnight heat. Of note, overnight heat therapy was well-tolerated, and 

more importantly, nocturnal body temperature was not significantly affected. Our findings 

suggested that overnight heat therapy may offer a novel non-pharmacologic approach to 

treat nocturnal sHTN, one of the few that meets the criteria for an ideal treatment of sHTN. 

However, future studies are still needed to assess the long-term efficacy and safety of this 

approach.

6. Conclusions

Impairment of the autonomic nervous system causes disabling orthostatic hypotension. 

The loss of cardiovascular regulation also causes supine hypertension, which is seen 

in a majority of patients. In patients with preserved efferent noradrenergic fibers (e.g., 

MSA), sHTN is driven by residual but unregulated sympathetic tone and can be reversed 

with central sympatholytics or ganglionic blockers. In patients with peripheral forms of 

autonomic denervation (e.g, pure autonomic failure and Parkinson’s disease) the sHTN 

is driven by increased vascular resistance of unclear etiology. The presence of sHTN 
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complicates the treatment of OH and vice versa. Whenever possible, treatment of OH that 

worsens sHTN (e.g., fludrocortisone) should be avoided in favor of approaches that have 

little (pyridostigmine) or no effect (abdominal binders) on sHTN.

Supine hypertension is associated with end-organ damage (cardiac hypertrophy and renal 

impairment), but there has been a reluctance to treat sHTN for fear of worsening OH. 

However, in most patients, it is possible to treat sHTN while decreasing the risk of 

aggravating OH. During the day, simply avoiding the supine position is all that is needed in 

most patients. About one-third of patients with sHTN have a preserved nighttime BP dipping 

pattern and may only require a high-carbohydrate snack at bedtime to transiently lower BP.

Patients with sustained nocturnal sHTN can be treated with short-acting antihypertensives 

and several have been shown to effectively control nocturnal sHTN. However, the ideal 

management approach should also reduce nocturia and natriuresis, to improve quality of 

life and daytime OH. None of the medications tested so far meet these goals, but the novel 

development of non-pharmacological approaches like the application of passive heat show 

promise. If validated, local passive heat, and other non-pharmacological therapies to be 

developed, would be transformative, solving the controversy whether to treat, or not, sHTN. 

They offer the promise to treat nocturnal sHTN with the goal of improving daytime OH.
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Figure 1. Supine nocturnal hypertension begets daytime OH because of pressure diuresis
Impaired autonomic cardiovascular regulation leads to symptomatic OH which increases the 

risk of falls and syncope. It also worsens preexisting essential hypertension or causes de 
novo sHTN that is associated not only with known long-term end organ damage, but can 

also contribute to daytime OH by inducing nocturnal pressure diuresis. Pharmacologic and 

non-pharmacologic approaches can be used to treat OH while reducing the risk of worsening 

sHTN, and to treat sHTN while reducing the risk of worsening OH, as discussed in the text.
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Figure 2. Comparison of therapies available for treatment of Nocturnal sHTN
Bar-graph depicts the BP-lowering effects of different therapies shown as maximal 

reductions in nocturnal supine systolic BP from baseline (ΔSBP) after a single dose (PO) of 

the different medications given at 8 PM, or local heat (38°C) applied from 10 PM to 6 AM. 

*P<0.05 vs. placebo. Values are expressed as mean±SEM.

The table depicts the qualitative effect of these interventions on nocturnal diuresis (8 PM 

to 8 AM), and morning orthostatic tolerance (i.e., ability to endure orthostatic BP drop or 

hypotension) determined during a 10-minute standing test at 8 AM.
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