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Preface

Orthostatic hypotension (OH) is defined as a certain amount of decrease in blood 
pressure in the first 3 min of transition from the supine position to the upright posi-
tion. The prevalence, which increases with advancing age, varies between 20% and 
30% in patients over 65 years of age. Besides, it is a medical problem resulting from 
the deterioration of the adaptation ability of the body with advancing age.

OH is associated with various adverse health outcomes, such as coronary heart 
disease, congestive heart failure, stroke, falls, dementia, and all-cause mortality. On 
the other hand, a range of comorbidities, which are common in older adults, and 
several medications may also play a role in the development of OH.

With multiple etiologies, OH is a significant cause of morbidity and mortality in 
the elderly. Therefore, it may be referred to as a geriatric syndrome that affects daily 
life activities and impairs quality of life. For this reason, in order not to overlook OH 
in the elderly, postural blood pressure changes should be evaluated routinely, as an 
essential part of the comprehensive geriatric assessment.

We decided to prepare the book Orthostatic Hypotension in Older Adults in 
order to examine OH in all aspects, which is such an important health problem for 
geriatric patients and to discuss the most rational approaches in this regard. It is our 
greatest happiness that the book will complement an important deficiency in geriat-
ric practice.

We would like to thank all the scientists for their valuable contributions to the 
creation of the book by preparing the relevant chapters in the light of their knowl-
edge and experience.

We wish that the book Orthostatic Hypotension in Older Adults will be benefi-
cial to scientists and health professionals related to the subject.

Izmir, Turkey Ahmet Turan Isik 
Istanbul, Turkey  Pinar Soysal 
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1Mechanisms of Orthostatic Tolerance 
and Age-Related Changes in Orthostatic 
Challenge

Fatma Sena Dost Gunay and Ozge Dokuzlar

1.1  Introduction

Orthostatic tolerance is a term that defines the ability to prevent hypotension during 
gravity stress. [1]. First, maintaining postural balance and homeostasis requires the 
integration of sensory information through proprioception, visual and vestibular 
pathways [2]. Visual and vestibular stimulation is confounded by proprioceptive 
input from stretched legs and joint and this integration is important for postural 
stability, blood pressure, and muscle activity [3]. The regulation of blood pressure 
(BP) depends on the proper function of the muscle pump, cardiac, renal, neural 
 (parasympathetic and sympathetic nervous systems, baroreflex), and endocrine 
 systems [4, 5].

1.2  Mechanisms of Orthostatic Tolerance

1.2.1  Cardiac Mechanism

In the upright position due to the gravity, 500–700 mL of blood translocates from 
the upper body to the lower limbs and splanchnic circulation and approximately 
10% of the intravascular plasma shifts towards the extravascular space [6, 7]. Venous 
return and ventricular filling decrease because of that mechanism. Reduction of 
ventricular filling results in decreased cardiac output and BP. Ventricular filling 
pressure (end-diastolic volume) indicates the left ventricular end-diastolic diameter. 
Changes in leftventricular end-diastolic diameter alter the ability of the leftventricu-
lar force and thereby stroke volume (SV) [8]. This situation is based on Frank- 
Starling relationship. Increased end-diastolic volume causes increased sarcomere 
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length and powerful contraction of the left ventricle. There is a relationship between 
stroke volume and sarcomere length to a degree [9]. In the upright position due to 
reduced venous return, end-diastolic volume decreases. Decreased end-diastolic 
volume and sarcomere length causes diminished stroke volume. The normal heart 
maintains its output by several mechanisms, such as Frank-Starling relationship, 
increasing heart rate, peak force, and elevation of afterload [10]. There is a two-part 
increase in BP, one of which is splanchnic vasoconstriction and the other is increased 
heart rate [11]. Increased heart rate is due to increased adrenaline secretion [12].

1.2.2  Parasympathetic and Sympathetic Nervous 
Systems (Baroreflex)

Baroreceptor stimuli cause baroreflex (BR). Baroreceptors are sensitive to pressure and 
strain and are located in the heart’s auricles, heart fat pads, vena cava, aortic arch, and 
carotid sinus wall. As a result of baroreceptor stimulation, the parasympathetic nervous 
system is activated, while the sympathetic nervous system is inactivated [13]. In the 
upright position, the ventricular wall tension decreases as a result of the decrease in the 
ventricular volume. In this case, BR is a typical compensatory reflex mechanism to a 
reduction in stroke volume, which is manifested by increased heart rate, cardiac con-
tractility, and peripheral vascular resistance [3]. Cardiac BR is responsible for the heart 
rate and sympathetic BR for BP [14]. Vagal withdrawal and activation of the sympa-
thetic nervous system are the basis of the baroreflex. This mechanism helps restore 
cardiac output and BP for a few beats [15]. After this short-term compensation, the 
muscle pump mechanism is activated to maintain blood pressure.

1.2.3  Muscle Pump Reflex

During upright position, skeletal muscles (especially lower extremity muscles) help 
to maintain venous return by compressing the veins, which is called a skeletal mus-
cle pump mechanism. The muscle pump mechanism is very effective, so a single 
muscle contraction may direct more than 40% of the intramuscular blood volume to 
the venous return [16]. Even while standing silently, the lower limb muscle tension 
and this rhythmic activity act to maintain balance and reduce the amount of blood 
redistributed due to gravity [17]. In the upright position, muscle pump mechanism 
after short-term cardiac compensation is the most important mechanism for the 
maintenance of BP.

1.2.4  Renal and Endocrine Systems

When blood pressure drops below normal, decreased blood pressure directly affects 
the kidneys, increasing water and salt retention. A decrease in arterial pressure 
causes an increase in the secretion of aldosterone.

F. S. Dost Gunay and O. Dokuzlar
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First of all, arterial pressure drop increases renin release from juxtaglomerular 
cells. Renin increases the secretion of angiotensin, which stimulates aldosterone 
secretion from the adrenal gland. A decrease in blood pressure also directly causes 
aldosterone secretion which increases water and salt retention from renal tubules. 
Increased salt absorption increases water retention by increasing antidiuretic hor-
mone (ADH), leading to vasoconstriction with the action of ADH. The increase in 
body fluid volume, in turn, returns the arterial pressure toward normal [18] (Fig. 1.1).

1.3  Age-Related Changes in Orthostatic Challenge

Aging brings about many physiological differences in the body that cause both 
structural and functional changes. Therefore, with advancing age, it is difficult to 
provide the homeostatic balance against stress factors [19]. Age-related decreases 
are observed in orthostatic tolerance mechanisms as in many other systems [20]. 
Vision and vestibular systems are of great importance in the upright position. With 
aging, the deterioration of visual functions affects perception and the activities of 
older adults [21]. Vestibulosympathetic reflex also deteriorates in older adults, and 
maintaining arterial blood pressure in the upright position becomes more difficult 
[22]. All three phases of the orthostatic challenge: [1] an initial heart rate rise and 

Maintaining the mean arterial blood pressure

Increased cardiac output and vascular resistance 

Renin-Angiotensin-Aldosterone System activation

Skeletal muscles especially lower extremity muscles compress the veins
(muscle pump reflex)

Heart rate, cardiac contractility, peripheral vascular resistance increase

Baroreceptor reflex: sympathetic BR activation and vagal withdrawal

Venous return, ventricular filling, end-diastolic volume and stroke volume decrease

10% of the intravascular plasma shifts towards to the extravascular space

Fig. 1.1 Response mechanism in the uprightposition

1 Mechanisms of Orthostatic Tolerance and Age-Related Changes in Orthostatic…
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blood pressure drop, [2] an early phase of stabilization, and [3] a phase of prolonged 
stabilization are influenced by aging [23].

There is a progressive decline in cardiovagal baroreflex sensitivity with aging, 
which leads to an inadequate heart rate response to a change in blood pressure. 
Although all of the underlying mechanisms are not clear, arterial stiffness in the 
baroreceptor-containing segments (such as carotid artery and aorta), decreased car-
diac cholinergic response, and oxidative stress are some of the causes. In contrast to 
this decline in vagal baroreflex sensitivity, no age-related changes were observed in 
the baroreflex-mediated sympathetic outflow [24]. However, in older age, the num-
ber of pacemakers in the sinoatrial node decreases. Also, a decrease in beta- 
adrenoreceptor- mediated response to norepinephrine is observed. This may be due 
to beta-adrenoreceptor downregulation caused by high norepinephrine levels. 
Another cardiac change is decreased diastolic filling due to a decrease in cardiac 
compliance and preload. In the absence of compensatory cardioacceleration, the 
reduction of preload may cause a remarkable reduction in cardiac output [20, 
25, 26].

In an upright position, a concurrent increase in peripheral vascular resistance is 
important to maintain blood pressure regulation additively to baroreflex-mediated 
cardiac compensation. However, another impaired orthostasis mechanism in older 
adults is the reduced vasoconstrictor response to alpha 1-adrenergic stimulation and 
the absence of an expected increase in peripheral vascular resistance. Although the 
responsible mechanisms are not clear, a decrease in vascular compliance due to 
atherosclerosis, deterioration in norepinephrine re-uptake and release, and a 
decrease in the number of alpha receptors in vascular smooth muscle are the possi-
ble causes [27] (Fig. 1.2).

Aging impairs not only autonomic regulation but also skeletal muscle function. 
While standing, in addition to the autonomic control of blood pressure, the lower 
leg muscles play an important role in maintaining blood pressure by pumping the 
pooled venous blood back to the heart. Also, according to known mechanical mus-
cle pump knowledge to push venous blood back into the heart, activation of leg 
muscles has been shown to depend on blood pressure fluctuations, i.e., 

Age-Related Changes in Orthostatic Challenge

Baroreflex sensitivity

⍺-1adrenergic
vasoconstrictor response to
sympathetic stimulation

Parasympathetic activityRenal water and salt retention

Vascular stiffness Left ventricular diastolic filling

Renin
Aldosterone
Angiotensin II

Noradrenaline
ANP

Fig. 1.2 Mechanisms of age-related changes in orthostatic challenge
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muscle- pump baroreflex. Therefore, the postural system (leg muscle activation) also 
contributes to orthostasis while standing. However, studies have found that in older 
adults, muscle pump baroreflexes, especially in lateral gastrocnemius and soleus 
muscles, are lower than younger ones. These findings can be important to improve 
specific exercise or training strategies to restrain aging-related impairment in 
muscle- pump baroreflexes [28]. Neuroendocrine changes are the other compensator 
mechanisms for hemodynamic homeostasis, especially in long-term maintenance. 
However, it is known that the activity of RAAS decreases with advancing age. Both 
absolute levels and responses to stimulation of plasma renin and angiotensin II con-
centrations decrease. Some reasons for the decrease are nephrosclerosis, reduced 
renal mass, and impaired juxtaglomerular cell function in the aging kidney. On the 
other hand, a strong renin and aldosterone secretion inhibitor ANP plasma levels 
increase with advancing age. This is another cause of RAAS inhibition [29]. In 
addition, the feeling of thirst decreases with age, and the aging kidney reduces the 
ability to concentrate urine; therefore, older adults become inclined to dehydration. 
Of course, dehydration is an important risk factor for orthostatic intolerance [20, 29].

Orthostatic hypotension (OH) is common in older adults due to the inadequacy 
of the mentioned mechanism, and OH is closely related to mortality and 
 morbidity [30].

1.4  Conclusion

Aging is a risk factor for orthostatic intolerance with its physiological changes. 
Therefore, we should avoid additional interventions and treatments that could 
adversely affect homeostatic mechanisms maintained at the border to protect older 
adults from orthostatic hypotension.
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2Orthostatic Hypotension:  
A New Geriatric Syndrome

Pinar Soysal and Ahmet Turan Isik

The life expectancy and world population have started to increase significantly in 
parallel with the developments in science, technology, and health since the mid- 
nineteenth century and led to the emergence of geriatrics discipline in the early 
twentieth century. In addition, due to age-related changes that occur with advancing 
age, general Hippocratic medicine has been replaced by syndromal medicine and 
the concept of “geriatric syndromes” has emerged [1]. Unlike the concept of “dis-
ease,” geriatric syndromes occur due to multifactorial causes.So far, dementia, 
delirium, depression, incontinence, falls, polypharmacy, malnutrition, pressure 
sores, sarcopenia, and frailty have been accepted as geriatric syndrome [1]. In a 
study involving 2816 older patients, it was found that prevalence was 54.5% for 
polypharmacy, 47.6% for urinary incontinence, 9.6% for malnutrition, 35.1% for 
depression, 21.6% for dementia, 33.6% for falls, 31.7% for sarcopenia, 28.3% for 
frailty, and 1.1% for pressure ulcers. In the same study, all geriatric syndromes, 
except for depression and pressure ulcers, were determined to be significantly more 
common with advancing age [1].While the rate of having four or more syndromes 
in the same person was 27.1%, 12% had no geriatric syndrome, 22.9% had one 
syndrome, and 21% had two syndromes. In particular, the frequency of having three 
or more syndromes in the same age group at ≥80 years was calculated as 68.8% [1].

Common Features of Geriatric Syndromes
 1. The frequency increases with age.
 2. Multiple pathological processes accompany the event.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62493-4_2&domain=pdf
https://doi.org/10.1007/978-3-030-62493-4_2#DOI
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 3. Many causes play a role in etiology and are easily complicated.
 4. Multiple organs are affected.
 5. The clinic can be quite faint and atypical presentation is common.

Considering the common features of geriatric syndromes, the question arises 
whether orthostatic hypotension (OH) can also be a geriatric syndrome.

2.1  Is OH a Geriatric Syndrome?

 1. Does the frequency increase with age?
In a review that examined the age-related increase of OH prevalence and the 

results of two separate epidemiological studies, it was stated that changes such 
as increase in age and vascular stiffness associated with age, decrease in barore-
flex sensitivity, and decrease in beta adrenoreceptor response may increase OH 
development [2].The first of these studies was conducted by Rose et al. involving 
12,433 people between the ages of 45 and 65, and it was shown that the fre-
quency of OH increased compared to the five-year age ranges and after 6 years 
of follow-ups, it was found that cardiovascular mortality was higher in those 
with OH. In the second study by Rutan et al., it was found that in 5201 people 
over 65 years of age, OH increased with age (that it has increased exponentially 
especially after the age of 80) and the presence of OH was associated with the 
development of cardiovascular events when followed for 3 years [2–4]. There are 
many similar study results in the literature.

 2. Do more than one pathological process accompany the event?
Numerous factors play a role in the development of OH, just like other geri-

atric syndromes: [2, 5].

• In arteries and veins, stiffness and curvature increase, and baroreceptor sensi-
tivity decreases.

• Cardiac hypertrophy due to old age and diastolic filling defect due to hyper-
tension occur.

• Renal sodium retention decreases.
• Renin–angiotensin–aldosterone level decreases.
• Sensitivity to hormones such as arginine and vasopressin decreases.
• The maximum increase in heart rate expected during hypotensive maneuvers 

decreases with age. (In other parts of the book, the pathogenesis of OH is 
explained in more detail.)

 3. Why are multiple factors involved in etiology and are they easily complicated?
In addition to the numerous pathophysiological changes that occur with 

aging, some other factors may increase the severity of OH or cause the develop-
ment of OH in someone who does not have OH before. These situations are 
generally evaluated under two headings as acute and chronic. Acute OH causes 
usually develop in a short time and are symptomatic, of which adrenal insuffi-
ciency, myocardial ischemia, drug applications, sepsis, and dehydration are 

P. Soysal and A. T. Isik
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examples. Chronic OH causes take long time to develop and are generally 
asymptomatic at the beginning. It can also occur as a result of various physiolog-
ical or pathological processes. Physiological causes include the age-related 
changes mentioned above in the regulation of blood pressure. Pathological 
causes may be autonomic deficiencies secondary to central or peripheral nervous 
system diseases [6].

Drugs in etiology are also important because OH is a common cause and 
drug-induced OH is easier to prevent and correct. In the study conducted by 
Poon et al., they found that the prevalence of OH was 35%, 58%, 60%, and 65% 
among those who never used drugs, who used 1 drug, who used 2 drugs, and who 
used 3 or more drugs, respectively [7].It has been highlighted in previous studies 
that hypnotic and antidepressant medication use and falls have been associated 
with elderly individuals who should be particularly evaluated in terms of drug- 
related OH [8].Soysal P. et al. evaluated 407 geriatric outpatients with the head-
 up tilt table test and demonstrated thatthe mean age, recurrent falls, presence of 
dementia and Parkinson’s disease, number of drugs, alpha-blocker and anti- 
dementia drug use, and fasting blood glucose levels were significantly higher in 
the patients with versus without OH, whereas albumin and 25-hydroxy vitamin 
D levels were significantly lower [9]. In addition, vitamin D deficiency has been 
shown in a meta-analysis in which OH is associated [10, 11].

All these results support that, besides age-related changes, many other factors 
can cause OH or increase complications related to OH [12, 13].

 4. Are multiple organs affected?
A number of studies have reported associations between OH and increased 

risk of adverse clinical outcomes, including cardiovascular events and stroke, 
recurrent falls, syncope, and consequent injuries, cognitive impairment, impaired 
sleep quality, and depression. However, no attempt has been made to synthesize 
the literature on the health risks associated with OH or critically evaluate the 
strength of the available evidence. A better understanding of the full spectrum of 
health risks associated with OH is important for geriatric practice. For this pur-
pose, an umbrella review published in 2019 containing 12 meta-analyses sheds 
light on the subject. In this review, there was suggestive evidence that OH was 
associated with significantly higher risk of coronary heart disease (HR = 1.32), 
stroke (HR  =  1.22), congestive heart failure (HR  =  1.30), all-cause mortality 
(RR = 1.50), falls (OR = 1.84), and dementia (HR = 1.22). OH can, therefore, be 
considered as a new geriatric syndrome [14].

 5. Can the clinic picture be mild and are atypical presentations frequent?
OH can be symptomatic or asymptomatic. In one study, 1/3 of the patients 

with severe OH (>60 mmHg decrease in systolic blood pressure) were found to 
be asymptomatic. In the Cardiovascular Health study, the prevalence of OH was 
found to be 18% in ≥65-year-old participants, while only 2% were considered 
symptomatic (they described dizziness upon standing up) [4]. In another study, 
it was shown that the elderly who had OH at first, third, and fifth minutes were 
asymptomatic by 86.2%, 86.7%, and 84%, respectively [9].For this reason, it is 
appropriate to search for atypical signs and symptoms in cases suspected for the 
detection of asymptomatic cases, and to measure orthostatic blood pressure 

2 Orthostatic Hypotension: A New Geriatric Syndrome



10

 measurements of the patient at each visit. Although common signs and symp-
toms related to OH may be typical such as dizzinessand loss of balance, they can 
also be atypical such as fatigue, atypical nausea, paracervical pain, low back 
pain, angina pectoris, transient ischemic attack, visual impairment, speech 
impairment, syncope, falling, and cognitive impairment [15].All these signs and 
symptoms depend on the hypoperfusion of the relevant organ, as a result of tem-
porary low blood pressure. The predictive value of these symptoms due to OH in 
the elderly is weak.

To sum up, OH may be a geriatric syndrome, as its frequency increases with 
age, multiple pathological and etiological factors play a role in the development 
of OH, it can be easily complicated, it affects multiple organ systems, and its 
clinic is often faint and can be presented with atypical symptoms.
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3Epidemiology and Risk Factors 
Associated with Orthostatic 
Hypotension in Older Adults

Igor Grabovac, Galateja Jordakieva, and Lin Yang

Orthostatic hypotension, also called postural hypotension, is defined as a fall in 
blood pressure of at least 20 mmHg systolic or 10 mmHg diastolic caused by a 
change in posture, such as standing or tilt-testing [1]. It is often characterized as a 
dynamic state rather than a specific pathological entity and is a key manifestation of 
dysfunction of the autonomic system. Epidemiologic studies worldwide assessing 
the prevalence of orthostatic hypotension cite a wide range of proportions anywhere 
between 6% and 35% [2]. These estimates are a reflection of the variety of age and 
composition of the participants included in these studies as it has been reported that 
the prevalence of orthostatic hypotension rises with age and is associated with 
comorbidities and use of certain types of medication. Furthermore, orthostatic 
hypotension is associated with a variety of health outcomes such as syncope and 
falls, leading to functional impairments. Therefore, identifying the prevalence and 
associated risk factors is important in order to reduce the burden on patients and the 
health care systems.
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3.1  Epidemiology

There are a number of studies giving reliable estimates of the prevalence of ortho-
static hypotension with a high fluctuation in the reported results ranging from 5% to 
35%. These differences vary based on the age of the population in question and the 
presence of comorbidities (orthostatic hypotension is traditionally associated with 
neurodegenerative diseases, frailty syndrome, chronic heart failure, diabetes melli-
tus, and arterial hypertension). Studies seem to unequivocally show that the preva-
lence of orthostatic hypotension rises with age. An US-based study on 557 healthy 
subjects aged 10–83 years evenly distributed among age groups and gender reported 
the overall prevalence of orthostatic hypotension at 5% also noting the rising preva-
lence with rising age [3]. A study on normotensive middle-aged adults in Sweden 
reported a prevalence of 5.5%, with the same study reporting 13.4% prevalence in 
those with hypertension [4].

A study of Indonesian adults aged over 40 years reported a prevalence of 12.6% 
(mean age of those with orthostatic hypotension was 54 years) [5]. Similar results 
were reported from a Chinese sample of community dwelling older adults (65 years 
and over) with an orthostatic hypotension prevalence of 11% [6]. A study by Raiha 
et al. on Finnish older adults aged 65 and older showed a prevalence of 28%; with a 
later study on a random sample of Finnish older adults over 75 years reported the 
prevalence of orthostatic hypotension at 34% [7, 8]. A study by Strogatz et  al. 
reported that in a sample of adults over 60 years, 12% of participants had a drop of 
10 mmHg or more in systolic blood pressure when going from sitting to standing 
position, furthermore reporting that the prevalence of orthostatic hypotension was 
twice as more common among Caucasian comparing to African American partici-
pants (14.5% vs. 7.5%). The difference between the groups persisted even after 
adjusting for weight status, medication, and other risk factors [9]. Overall, a recent 
systematic review and meta-analysis on the prevalence of orthostatic hypotension 
reported the pooled prevalence of orthostatic hypotension in community-dwelling 
older people is 22.2% and somewhat more in those in long-term care settings at 
23.9% [10]. However the strength of these evidence is influenced by various ways 
of how orthostatic hypotension was assessed, despite clear guidelines. The authors 
noted that the high variability between included studies did not allow for post-hoc 
sensitivity analyses by various assessment methods.

3.2  Pathophysiology

Orthostatic hypotension results from at least one dysfunction in the chain of adap-
tive mechanisms essential to blood pressure regulation. Under physiological condi-
tions, specialized mechanoreceptor (baroreceptor) cells, located in the aortic arch 
and the carotid sinus, sense changes in blood pressure by the stretch of the blood 
vessels walls. They transmit their sensory signals to the central nervous system, 
specifically to the medulla oblongata, i.e., the brain stem, which in turn adapts car-
diac output and systemic vascular resistance by regulation of smooth muscle 
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activity. Changing the body’s posture from a lying to an upright position induces a 
gravity-related shift of approximately 500 ml of blood into the lower extremities, an 
effect known as venous pooling. The resulting acute decline of venous blood reflux 
and thus ventricular filling temporary reduces cardiac output by 20% and results in 
an immediate drop of systemic blood pressure. The direct consequence is an induced 
decrease in sympathetic, or vagal, nerve activity triggered by the brain stem. The 
results are chronotropic and inotropic effects on the heart muscle and an increase on 
peripheral vascular resistance, mediated by α1-adrenergic vasoconstriction of 
peripheral venous and splanchnic vessels and activation of the blood pressure regu-
lating renoarterial renin and angiotensin II system. An adequate circulatory reaction 
leads to immediate blood pressure regulation and stabilization of cardiac output 
and, in consequence, cerebral blood supply. In short, several cardiovascular and 
neurological mechanisms are necessary to maintain hemodynamic properties and 
ensure a sufficient blood circulation. Any failure of these adaptive mechanisms or 
any factor contributing to their dysfunction poses a risk for the development, exac-
erbation, and/or maintaining of orthostatic hypotension. While a physiological age- 
dependent degeneration can be observed regarding these mechanisms, several of the 
most common risk factors are reversible. Elderly patients typically present with a 
combination of these risk factors or even occurrence of rare conditions, which 
sometimes raises the need for an interdisciplinary diagnostical approach. As a first 
step, common risk factors (detailed in Sect. 3.3), such as dehydration and drug-
related orthostatic hypotension, must be excluded. If none of these can be identified 
or if a complex combination of underlying causes are suspected, an in-depth neuro-
logical and internal medical evaluation should be considered as a next step [11].

3.3  Risk Factors

3.3.1  Age as a Risk Factor for Orthostatic Hypotension

Orthostatic hypotension is a common condition in individuals over the age of 
65 years, with a reported prevalence of up to 30%. The aforementioned age-depen-
dent degradation of neuronal and vascular structures involved in the postural adap-
tive reaction includes impairments of the vestibulo-sympathetic reflex, diastolic 
filling capacity, chronotropic and inotropic cardiac responses, and vasoconstrictive 
abilities. While even a diminished baroreceptor sensitivity is discussed by some 
authors, several studies found that basal sympathetic activity increases with age. 
Besides the known physiological changes, the accumulation of other risk factors, 
such as blood pressure compromising comorbidities, progressed atherosclerosis of 
the cardiovascular and cerebral vessels, acute and chronic illnesses (e.g., neuropa-
thies, diabetes mellitus), and multi-medication, results in a general increase in the 
prevalence of orthostatic hypotension over time. Also, a reduction in physical and 
daily living activity is significantly associated with orthostatic hypotension in older 
adults. A cross-sectional study on sex-specific differences in the prevalence of 
orthostatic hypotension showed no significant variations among women and men 
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between 55 and 74, but a relative increase in prevalence after the age of 75 years, 
particularly in affected older women (30% versus 11% in men). Here, only systolic 
BP ≥ 140 mmHg was identified as a sex-specific risk factor for female hypotension, 
while BMI showed an inverse association with the prevalence of postural hypoten-
sion in both sexes [12]. The results may be somewhat biased as men may die before 
orthostatic hypotension could be diagnosed.

3.3.2  General and Lifestyle-Related Risk Factors

These include dehydration, deconditioning due to prolonged bed rest, postprandial 
hypotension, or mediation use.

 1. Dehydration in older adults may result from insufficient intake or restrictive drink-
ing or eating disorders, or from loss of water due to fever, sweating, alcohol con-
sumptions, diarrhea, vomiting, and hemorrhageas well as heat exposure. Inadequate 
fluid intake but also significant loss of electrolytes and body water can lead to 
dehydration, which can further result in hypovolemia, i.e.,intravascular volume 
deficiency. In elderly patients whose oral fluid intake is latently insufficient, even 
mild dehydration can result in symptomatic orthostatic hypotension. In terms of 
intravascular volume loss, common mechanisms are fever, vomiting, diarrhea, or 
excessive sweating. Latter has to be considered particularly in excessive physical 
exercise and heat exposure. In addition, alcohol consumption can also result in 
dehydration by inhibition of anti-diuretic hormone release from the pituitary gland 
and decreased reabsorption of primary urine by the kidneys. Rare reasons for 
hypovolemia are hemorrhage and eating disorders (i.e., bulimia and anorexia ner-
vosa). In elderly patients it is not uncommon for several of those causes to result in 
dehydration, adding up to induce symptomatic hypovolemia [13].

 2. Prolonged bed rest due to illness or injury may lead to deconditioning. 
Gravitational stress, i.e., the change of posture from lying down to getting up, is 
the common trigger of postural adaptive mechanisms and might unmask ortho-
static hypotension derived by other risk factors. It should be noted that in this 
context, even a slight delay in blood pressure regulation could be experienced as 
light- headedness upon rising, in the sense of an initial (transient) orthostatic 
hypotension. Upon longer bed rest, however, intravascular volume is gradually 
redistributed, sympathetic nerve activity diminished and, over time, even the car-
diovascular system adapts to the lack of gravitational stress, resulting in decon-
ditioning and orthostatic hypotension upon getting up again [14, 15]. A study in 
heart failure patients, for example, showed a significant increase in orthostatic 
hypotension risk with each hour of lying down [16]. In cases of long- term bed 
rest over several weeks, additionally an impairment of the vestibulo- sympathetic 
reflex was found to contribute to postural orthostatic dysfunction [17]. If the bed 
rest is resulted from illness, several auxiliary risk factors, e.g., dehydration and 
medication, can concur and aggravate the orthostatic hypotension induced by 
deconditioning.
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 3. Postprandial hypotension (low blood pressure after eating meals) is commonly 
observed in elderly patients. In an acute geriatric ward, postprandial hypoten-
sion, particularly in the first 75 min after a meal, was shown to affect almost 50% 
of patients, and found to coincide with orthostatic hypotension in one-third of 
those who also had orthostatic hypotension [18].

 4. Medication use is the most common risk factors for orthostatic hypotension. 
Particularly substances for hypertensive blood pressure regulation with vasoac-
tive and pro-diuretic effects may cause orthostatic hypertension alone or in com-
bination, even with over-the-counter products. An early study in 50 elderly 
patients identified diuretics (56%), benzodiazepines (26%), antidepressants 
(24%), and anti-Parkinson drugs (22%) as the most common iatrogenic causes of 
orthostatic hypotension. Out of all diuretic drugs, the anti-aldosterone spirono-
lactone, which leads to impaired renal water and sodium reabsorption, has been 
most frequently associated with orthostatic hypotension. Another common drug 
frequently reported to cause orthostatic hypotension in older patients is the loop- 
diuretic furosemide and thiazide diuretics, which has proved especially problem-
atic in elderly patients with concomitant heart failure. Calcium channel blockers, 
particularly non-dihydropyridine, additionally exhibit negative inotropic and 
dromotropic myocardial effects, resulting in a 2–5-fold increase in orthostatic 
hypotension risk in elderly patients. Alpha1-blockers, like doxazosin, directly 
inhibit vasoconstriction but also affect cardiac output and baroreceptor activity 
leading to postural hypotonia, particularly in settings of hypovolemia. Beta-
blockers may impair the postural compensatory mechanisms in older individuals 
by reducing activity of the renal renin-angiotensin system. While both ACE 
inhibitors and angiotensin II receptor antagonists are associated with pertinent 
hemodynamic effects, their role in orthostatic hypotension is still controversial. 
Parkinson’s disease can, on one hand, directly induce autonomic dysfunction 
and, on the other hand, indirectly promote postural hypotension through the side 
effects of anti-Parkinson medication, in particular dopaminergic agonists like 
levodopa. The combination with selegiline appears to further heighten the 
adverse effects of vasodilation and sympathetic activity reduction. As no dose-
dependent effects have been identified in this context, however, it is suspected 
that these medications alone do not cause orthostatic dysregulation but support 
its manifestation in settings with other risk factors, particularly multi- medication. 
While less commonly associated with orthostatic hypotension, sedatives have 
been shown to reduce myocardial contractility, central vasomotor as well as 
peripheral vascular activity. The benzodiazepine temazepam has been associated 
with hypotensive reactions. However, data is inconsistent in terms on effects of 
sedatives in the elderly. Similarly, anesthetics, especially propofol, impact car-
diac contractility, sinus node polarization, and arterial vasodilation with both 
dose- and concentration-dependent induction of orthostatic dysfunction. 
Tricyclic antidepressants are well known to induce hypotension by alpha recep-
tor blockade. Further, even serotonin-uptake inhibitors have been shown to 
enhance vasodilatation through calcium channel inhibition and contribute to 
postural blood pressure dysregulation. Fluoxetine additionally exhibits effects 
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on the central nervous system in favor of orthostatic hypotension. While also 
associated with postural hypotension, data on antipsychotics and atypical neuro-
leptics is limited. Peripheral vasodilatation and reduction of vasomotor reflexes 
by opioid analgesics is also a less common iatrogenic risk factor, but has been 
shown to promote hypotension in elderly patients with hypovolemia. 
Phosphodiesterase- 5 inhibitors, like sildenafil, may exacerbate neurodegenera-
tive conditions in elderly patients with primary autonomic dysregulation and 
particularly exacerbate the effects of nitrates. Several other substances have been 
associated with orthostatic hypotension; the desired mechanisms of these drugs 
are often associated with vasodilatation or sympathetic nervous system disrup-
tion, whereas for other drug classes the mechanism of action still remains 
unclear [19].

3.3.3  Medical Conditions as Risk Factors

These conditions are often classified as either neurogenic or non-neurogenic (car-
diac, endocrine, metabolic) forms and may influence occurrence of orthostatic 
hypotension (Table 3.1).

Table 3.1 Medical conditions as risk factors of orthostatic hypotension

System Conditions
Cardiovascular Cardiac disorders:

• Disorders ofthe heart valves
• Myocardial infarction
• Congestive heart failure
• Myocarditis
• Pericarditis
• Arrhythmic disorders
Vascular conditions:
• Atherosclerosis
• Vasculitis

Neurologic Primary autonomic failure:
• Parkinson’s disease with autonomic failure
• Multiple system atrophy
• Pure autonomic failure
Secondary autonomic failure:
•  Peripheral neuropathies (acute and subacute, acute and paraneoplastic 

pandysautonomia, Guillain–Barré syndrome, diabetes mellitus, 
amyloidosis, hereditary illnesses, Sjörgen’s syndrome, heavy metal and 
other toxicity, porphyria, and other peripheral neuropathies as a result of 
infections, connective tissue diseases,and metabolic nutritional issues)

Metabolic- 
endocrine

• Diabetes mellitus
• Thyroid diseases
• Adrenal insufficiency (Addison’s disease and diabetes insipidus)
• Hypoglycemia
• Vitamins B12 and D deficiency
• Pheochromocytoma
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 1. As the heart is central to hemodynamic regulation, a failure to provide sufficient 
volume output, e.g., due to mechanical restrictions, i.e., valve disorders and left-
ventricular hypertrophy [20], or due to myocardial dysfunction, resulting from 
post-infarction areas and inflammation, is a significant risk factor for the failure 
of an adequate orthostatic response [21]. Co-existence of heart failure and ortho-
static hypotension is particularly common among elderly patients, estimated to 
manifest in 8–12% community dwelling and 23–33% hospitalized older adults. 
Additionally, arrhythmia leading to significant changes in cardiac output, most 
prominently bradycardia, can also impair hemodynamic stability, particularly 
upon exposing to gravitational stress [22]. Age-related loss of vascular compli-
ance, commonly referred to as “arterial stiffness,” dampens the hemodynamic 
response in the postural phase. Firstly, the limited arterial elasticity results in an 
impairment of baroreceptor sensitivity and subsequent sympathetic activation. 
Secondly, arterial stiffness directly restricts the vasoconstricting potential of the 
affected vessels. In the elderly with a lack of physical exercise, vascular compli-
ance has been described as particularly impaired [23]. Although a relatively rare 
occurrence, inflammation of the large arterial vessels, e.g., in case of Takayasu’s 
arteritis, can also diminish baroreceptor function [24].

 2. Neurodegenerative disorders impairing the regulatory capacity of the autonomic 
nervous system are common contributors to orthostatic dysregulation in elderly 
patients. In pure autonomic failure, a condition commonly manifesting with 
orthostatic hypotension, slowly progressive autonomic nervous degeneration, 
without other neurological involvement, has been observed. The suspected 
underlying cause is neuronal α-synuclein deposition, a pathological mechanism, 
which can gradually lead to severe neurodegenerative conditions, such as multi-
system atrophy, dementia with Lewy bodies or Parkinson’s disease. The latter 
leads to an age-related increase in orthostatic hypotension incidence, which has 
a clear association with Parkinson’s disease severity and duration [25]. The prev-
alence of postural hypotension is estimated to be around 50% in Parkinson and 
in Dementia with Lewy bodies, respectively. In multisystem atrophy, a neurode-
generative disorder with autonomic dysfunction, and cerebellar ataxia, a preva-
lence of postural hypotension up to 75% is reported. All three conditions are 
further associated with the impairment of norepinephrine release in approxi-
mately two-thirds of affected patients, which limits peripheral vascular resis-
tance, venous reflux, and autonomic regulation of the myocardium. In contrast to 
the aforementioned primary causes of autonomic nerve degeneration, a wide 
range of non-neurological diseases, e.g., amyloidosis, inflammatory and autoim-
mune diseases, vitamin deficiencies, uremia, and diabetes mellitus as well as 
toxic substances, such as certain chemotherapeutic agents and heavy metals, can 
lead to nonselective neuropathies. These conditions may also affect central sym-
pathetic activity and are thus classified as secondary autonomic nervous system 
diseases in the context of orthostatic hypotension [26].

 3. As already mentioned above, diabetes mellitus and the resulting diabetic poly-
neuropathy are metabolic conditions commonly associated with orthostatic 
hypotension, where higher HbA1c levels are found among affected patients. The 
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prevalence of orthostatic hypotension is estimated to be around 6% in diabetes 
mellitus type I and around 7% in type II diabetes mellitus, with the prevalence 
rising to 23% in patients with diabetic neuropathy [27]. A dysregulation of thy-
roid function manifesting with hypothyreotic metabolic state often results in a 
drop in blood pressure and may further predispose to a manifestation of ortho-
static hypotension [28, 29]. Similarly, adrenal insufficiency, as seen in Addison’s 
disease and in diabetes insipidus patients, leads to dysregulations of systemic 
electrolyte and body water management, as well as to autonomic dysfunction 
[30, 31]. Recently, vitamin D deficiency has been investigated as a potential risk 
factor in the development of orthostatic hypotension. The suspected underlying 
mechanism is a dysfunction of vascular and endothelial smooth muscle cells due 
to a lack of the active 25(OH) vitamin D. An evaluation and correction of serum 
vitamin levels, particularly vitamin D but also B12, should be considered in 
elderly patients with restricted everyday physical and nutritional activities [32]. 
While one of the less common risk factors, pheochromocytoma has been found 
to manifest orthostatic hypotension in two-thirds of cases, due to dysregulated 
increases in plasma norepinephrine concentrations [33]. A similar dysregulation 
of catecholamine responses appears to be a relevant pathological mechanism 
during hypoglycemia [34]. Interestingly, orthostatic hypotension has been fre-
quently identified in patients with renal failure, leading to independent associa-
tions with quality of life, adverse health effects, including falls and fractures, and 
mortality in hemodialysis patients. Besides disturbances in the renin-angiotensin 
blood pressure regulation, a concomitant severe anemia, which is commonly 
observed in chronic kidney disease patients due to limitations in renal erythro-
poietin production, might contribute to postural hypotension [35, 36].

In summary, a highly functioning loop of circulatory regulation mechanisms is 
required to maintain a stable blood pressure after changing posture from a horizon-
tal into an upright position. Factors impairing adequate venous reflux, circulation of 
effective blood volume, baroreceptor activation, sympathetic and parasympathetic 
as well as cardiovascular adrenoreceptor (α- and β) activity and vasoconstriction all 
result in an increased likelihood of orthostatic hypotension [37]. While several con-
ditions like anxiety, panic disorder, and shock might mimic orthostatic dysregula-
tion, they are rather differential diagnoses than risk factors. While a multitude of 
risk factors are associated with orthostatic hypotension, orthostatic hypotension 
itself is a risk factor for adverse health outcomes. Based on the associated decline of 
cerebral and myocardial blood supply, orthostatic hypotension can act as an inde-
pendent risk factor for cardiovascular morbidity and mortality in coronary artery 
disease and stroke [38]. These findings further stress the importance of adequate 
recognition and eliminating risk factors of postural hypotension in elderly patients, 
supplemented with timely diagnosis and treatment.
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3.3.4  Orthostatic Hypotension as Predictor for Other 
Health Outcomes

Growing evidence suggests that orthostatic hypotension and other disorders of pos-
tural hemodynamic control predict all-cause mortality and the incidence of cardio-
vascular disease with the same, if not better, accuracy than outpatient-based 
measurements showing night time reverse dipping [39–43]. Additionally, some 
studies have also noted that in longitudinal observations, orthostatic hypotension is 
a risk factor of cause-specific mortality for patients diagnosed with stroke and car-
diovascular disease; however the evidence supporting this is not consistent across 
reported studies [41, 44, 45]. Nevertheless, a 2015 meta-analysis of 13 studies 
encompassing more than 120,000 patients with a median follow up time of 6 years 
reported that orthostatic hypotension was associated with higher risk of all-cause 
mortality, as well as incident coronary heart disease, heart failure, and stroke. Pooled 
estimates, interestingly, showed higher risk ratios for patients under 65 years of age 
compared to older ones [46]. Authors concluded that there was a need for more 
studies, given the limitations in heterogeneousmeasurements and study populations. 
Similar to this meta-analysis, other population-based studies also reported that the 
relative risk of orthostatic hypotension predicted stroke mortality decreasedas age 
increased [47]. The prospective results of the Malmö Preventive Project also 
reported that those who were under 42 years and had orthostatic hypotension were 
at a two-fold higher risk of death [48].

Overall the potential mechanism that explains the link between orthostatic hypo-
tension and negative outcomes has been proposed; however it requires several con-
siderations; namely higher variability of blood pressure during the day as well as 
nocturnal hypertension which are usually present in patients with orthostatic hypo-
tension may provoke spells of increased cardiac afterload leading to ventricular 
hypertrophy and decreased renal function, ultimately leading to congestive heart 
failure and ischemia. Moreover, Fedorowski et al. reported that, independent of all 
usual risk factors, the incidence of atrial fibrillation was higher among people who 
had arterial hypertension and orthostatic hypotension, which further strengthens the 
evidence supporting a link between orthostatic hypotension and cardiovascular 
morbidity [49]. Furthermore, orthostatic hypotension seems to also activate the neu-
roendocrine compensatory mechanisms leading to the hyper-activationendothelin 
system. As such vasoconstrictors may promote thrombotic effects leading to further 
cerebro-cardiovascular morbidity and mortality, it is important to note that these 
hypotheses have not yet been confirmed and that there is still no firm consensus on 
the causal links. In other words, it is still unknown if orthostatic hypotension is an 
independent general marker of death or an intermediate variable operating within a 
(higher-order) pathomechanistic response. Most authors concur that more epide-
miologic studies should be encouraged.
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4Orthostatic Hypotension:  
Clinical Features
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4.1  Orthostatic Hypotension: Clinical Features

Orthostatic hypotension (OH), defined as a sustained reduction in systolic blood 
pressure (SBP) of at least 20 mmHg or diastolic blood pressure (DBP) of 10 mmHg 
within 3 min of standing or head-up tilt (HUT), is frequent observation in older 
adults [1–3]. Prevalence of postural hypotension which varies between the studies 
because of the difference in the methodology used, was reported to range from 9% 
to 30% in older-aged community-dwelling adults and increases to more than 50% 
in hospitalized geriatric patients [4]. Stabilization of postural change in blood pres-
sure (BP) requires complex physiological functions, coordinated by the interaction 
between cardiovascular, renal, neuromuscular, and endocrine systems. OH is a com-
plex syndrome, and often multifactorial as well. OH may be classified into neuro-
genic or non-neurogenic OH according to pathophysiologic mechanisms. 
Neurogenic OH is mainly reported in patients with primary neurodegenerative dis-
eases called α-synucleinopathies [5], and diabetes mellitus, multiple sclerosis, 
demyelinating polyneuropathies, brainstem and spinal cord lesions, as that diseases 
affect the autonomic nervous system. On the other hand, non-neurogenic OH may 
be developed because of volume depletion, medications, heart failure, and venous 
pooling [6]. Accordingly, age-related diminished physiological reserve, loss of 
baroreceptor sensitivity, increased arterial stiffness, autonomic dysfunction, sys-
temic diseases, sarcopenia and drugs blunt the compensatory response to orthostatic 
challenge. Older patients, especially using vasoactive hypotensive drugs, and diag-
nosed with hypertension, cardiovascular disease are susceptible to orthostatic stress. 
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Patients with hypertension are more vulnerable to cerebral ischemia even for a 
short-term period because of alteration in the cerebral autoregulation due to the 
chronic blood pressure elevation. Moreover, lower blood pressure targets and tight 
blood pressure control may also contribute to adverse health outcomes such as falls 
in conjunction with OH [7]. Other risk factors for OH include age, smoking, low 
body mass index, malnutrition, renal dysfunction, autoimmune diseases, and cancer 
[8, 9]. Higher prevalence, and larger drop in systolic blood pressure have been found 
to be associated with increasing age and physical frailty [10, 11]. Furthermore, 
hypertension, heart failure, Parkinson’s disease, diabetes mellitus, chronic kidney 
disease, significant accompanying chronic conditions with OH, are the major risk 
factors for cardiovascular disease at the same time.

In this chapter, we review the clinical manifestations of OH according to under-
lying pathophysiologic mechanisms, and current understanding of the relation 
between OH and clinical outcomes.

4.1.1  Orthostatic Intolerance and Orthostatic Hypotension

The term “orthostatic intolerance (OI)” is used to describe symptoms and signs 
which are manifested with standing up that are relieved by recumbency. As a defini-
tion, symptoms should initiate when standing [12]. OI is not always due to auto-
nomic or other compensatory mechanism dysfunction and can be due to insufficiency 
of compensatory responses to environmental stressors. For example, transient OI is 
commonly encountered during dehydration or infectious disease.

Patients frequently present with dizziness, discomfort, nausea, palpitations, and 
sometimes loss of consciousness. Some patients suffer from severe orthostatic intol-
erance symptoms without drop in blood pressure. OI is heterogeneous and multifac-
torial disorder, mainly classified as OH, postural orthostatic tachycardia syndrome 
(POTS), and orthostatic vasovagal syncope. POTS is caused by an inappropriate 
heart rate increase with upright posture and eventually causes light-headedness, pal-
pitations, and fatigue without blood pressure decrease. Vasovagal reflex syncope is 
triggered by prolonged standing, pain or emotion leading to change in autonomic 
nervous system activity, cardiac depression and vasodilatation. Syncope is preceded 
by prodromal symptoms such as nausea, pallor, sweating [13].

Classical OH is defined as reduction of systolic blood pressure of at least 
20 mmHg or diastolic blood pressure of 10 mmHg within 3 min of standing or head-
 up tilt to at least 60° on a tilt table [1]. Clinical variants of OH was determined as 
initial, classical, and delayed OH according to the consensus [1]. The blamed patho-
physiologic mechanisms, and diagnostic criteria of each OH variant are summa-
rized in the Table 4.1 [14]. The clinical manifestations of OH occur due to circulatory 
abnormality of the organs. The symptoms of OH may vary greatly upon severity of 
the hypoperfusion, patients may experience several symptoms including, light- 
headedness, dizziness, fainting, weakness, fatigue, cognitive difficulties, vision 
changes, head/neck pain, calf claudication, syncope even angina, which results in a 
reduced quality of life [15]. Symptoms including palpitation, tremor are seen due to 
sympathetic activity in patients whose autonomic functions remain intact. Several 
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precipitating factors such as sudden positional change, prolonged recumbency, heat, 
meal, and physical strain have been described [10]. Specifically, symptoms are sub-
sided in a seated or supine position.

4.1.2  Associated Clinical Features of Orthostatic Hypotension

Recent population studies support that vast majority of OH patients detected by 
screening or routine evaluation are asymptomatic [16]. Additionally, the underlying 
causes cannot be identified in almost one-third of the patients with persistent OH 
after an extensive evaluation [17]. Although many subjects are asymptomatic and 
OH is frequently overlooked by physicians, it places huge burden on healthcare 
system and is an important risk factor for hospitalization in older adults. Nationwide 
Inpatient Sample in the United States estimated hospitalization rate of 233 per 
100,000 patients over 75 years of age, with a median length of stay of three days and 
an overall in-hospital mortality rate of 0.9% due to OH [18].

Patients, particularly with neurogenic OH, have also some other accompanying 
conditions which make difficult the management of the patients. Patients have com-
monly suffer from other dysautonomic symptoms including digestive disorders (diar-
rhea or constipation), urinary symptoms (urgency or atonic bladder), mydriasis, 
hypo- or hyperhidrosis, and erectile dysfunction [15]. Additionally, up to 50% of 
patients with OH, especially who has autonomic dysfunction, have supine 

Table 4.1 Characteristics of Orthostatic Hypotension Variants

OH

Time of BP 
measurement 
after standing Drop in BP Potential mechanisms

Initial 0–15 s ∙ ≥40 mmHg SBP and/or
 ≥20 mmHg DBP

∙  Transient mismatch between 
cardiac output and peripheral 
vascular resistance

Classic 15–180 s ∙ ≥20 mmHg SBP and/or
 ≥10 mmHg DBP or
∙  ≥30 mmHg SBP in supine 

HT or
  a decrease in SBP to 

<90 mmHg

∙  Excessive fall of cardiac output
∙  Defective inadequate 

vasoconstrictor
  mechanisms(autonomic 

instability)

Delayed >3 min ∙ ≥20 mmHg SBP and/or
 ≥10 mmHg DBP or
∙  ≥30 mmHg SBP in supine 

HT or
∙  a decrease in SBP to 

<90 mmHg

∙  Mild or early form of 
sympathetic

 adrenergic failure
∙ Defect in venous return

BP Blood Pressure, HT Hypertension, OH Orthostatic Hypotension, SBP Systolic Blood Pressure, 
DBP Diastolic Blood Pressure
Adapted from Freeman, et al. Consensus statement on the definition of orthostatic hypotension, 
neurally mediated syncope and the postural tachycardia syndrome [1]; Brignole, et al. 2018 ESC 
Guidelines for the diagnosis and management of syncope [2]; Fedorowski, et al. Syndromes of 
orthostatic intolerance: a hidden danger [14]
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hypertension (systolic blood pressure >150  mmHg or diastolic blood pressure 
>90 mmHg while in the supine position) [19]. Supine hypertension requires some 
additional considerations. Supine hypertension restricts treatment options for OH and 
has been associated with a number of complications including impaired renal function 
and left ventricular hypertrophy [20]. Postprandial hypotension, commonly encoun-
tered in patients with primary or secondary autonomic failure, is a frequent cause of 
falls, syncope, and stroke [21]. Moreover, excessive pooled venous peripheral blood 
is redistributed to the central areas during the night in patients with OH. Nocturnal 
polyuria cause volume depletion, and redistribution of intravascular volume causes 
diurnal variability. Orthostatic blood pressure responses may not be reproducible in 
patients with documented OH symptoms, repeated blood pressure measurements may 
be needed to prove the diagnosis. Therefore, appropriate  assessment of OH is advised 
to be done in the morning because of the high sensitivity [22].

OH not only has close relationship with debilitating diseases such as multiple 
system atrophy, amyloidosis, cancer, diabetes, but also carries poor prognosis in 
itself. Furthermore, emerging evidences have indicated that failure of blood pres-
sure stabilization has been found to be associated with falls, syncope, depression, 
and global cognitive impairment [23–27], and is also critical to be functionally 
dependent. OH has been reported as a risk factor for cardiovascular and all-cause 
mortality, due to underlying causes and associated diseases [28].Risk factors and 
outcomes of OH are schematized in the Figure 4.1.

4.1.2.1  Falls and Syncope
Elderly people are susceptible to acute changes in cerebral blood flow, predisposing 
them to falls and syncope. Falls, most of which can be preventable, are the leading 
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Fig. 4.1 Orthostatic hypotension in older adults
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cause of injury in older people [29]. OH is shown as an independent risk factor for 
future falls, unexplained falls, and injurious falls [30]. The effect of OH on brain 
and muscle microcirculation may contribute to falls [27]. Moreover, gait and bal-
ance difficulties, cognitive impairment, autonomic instability in patients with neu-
rogenic OH create additional risk for falls. The association between OH and falls 
was strongest in the subgroup of studies using continuous blood pressure measure-
ments, suggesting that testing OH with this method has the largest clinical relevance 
[26]. Consequently, the American Geriatrics Society Clinical Practice Guideline for 
Prevention of Falls in Older Persons suggests assessment and treatment of postural 
hypotension as a part of multifactorial intervention approach [31].

OH is a well-known risk factor for syncope, accounting as a cause in 24% of all 
diagnosed cases. Furthermore, patients with OH are older; have more comorbid 
conditions including hypertension, organic heart disease, and abnormal electrocar-
diogram; are taking more hypotensive medications; and require more frequent hos-
pitalization [32]. Presence of neurodegenerative diseases, polypharmacy, 
malnutrition, peripheral neuropathies (e.g., diabetes mellitus) make significant con-
tribution to development of orthostatic syncope. Orthostatic syncope was reported 
nearly 50% in patient samples diagnosed with dementia [5, 33]. Additionally, older 
persons with hypertension, cardiovascular disease or receiving vasoactive drugs 
whose circulatory compensatory adjustments to orthostatic stress are disturbed, are 
vulnerable to develop postural hypotension. Notably, dementia and hypertension 
coincidence is remarkable, and attention should be paid to hypertension treatment 
in demented patients. Higher diastolic blood pressure drops in the orthostatic chal-
lenge and OH were reported to be associated with cognitive decline [34]. On the 
other hand, low blood pressure leading to cerebral hypoperfusion could participate 
in the pathogenesis of cognitive decline [35]. Therefore, patients with advanced age 
and cognitive impairment should be assessed and managed on an individual basis.

4.1.2.2  Cognition
Cardiovascular disease and its risk factors were shown to be associated with cogni-
tive decline and dementia. However, the results of conducted studies searching the 
potential causal relationship between OH and cognition remain inconclusive. Some 
hypotheses have been suggested to clarify the relation. One of that supports a com-
mon pathophysiologic mechanism affecting both cognition and cardiovascular 
autonomic control. Alternatively, OH may play role in cognitive decline with 
chronic cerebral hypoperfusion. Considering several disorders coexistence with 
OH, identifying the cause of cognitive impairment is difficult [36]. The 
Atherosclerosis Risk in Communities (ARIC) follow-up study for 6 years, showed 
no relation between OH and cognitive decline after multivariate adjustment [37]. 
However, OH was found to be independently associated with an increased risk of 
dementia and ischemic stroke during ≈25 years of follow-up of the ARIC study 
group [25]. The Irish Longitudinal Study on Ageing (TILDA), in which community- 
living non-stroke, non-demented, and non-Parkinsonian individuals were followed 
over 2 years, assessed cognitive functions using Mini-Mental State Exam (MMSE), 
verbal fluency, and word recall tasks. After adjustment of potential confounders, 
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impairedrecovery of blood pressure at 40 s post standing was not found to be associ-
ated with change in performance on the aforementioned cognitive measures [38].

Furthermore, OH patterns may also differ according to the types and severity of 
dementia [5]. Regarding to OH, higher prevalence, and more significant and pro-
longed drop of systolic blood pressure were reported in the group of Dementia with 
Lewy bodies compared to Alzheimer’s Disease [39]. Additionally, delayed OH may 
constitute a greater risk of cognitive decline or incident dementia than patients with 
early OH, as they are more likely to experience longer periods of cerebral hypoper-
fusion, and consequently ischemia [40]. In contrast to initial OH, delayed recovery 
from orthostatic blood pressure changes is reported as an increased risk for falls, 
cognitive impairment, and frailty [41]. Consequently, discrepancy between studies 
may be explained by the different methodology used and OH duration of patients, 
and insufficient sensitivity or specificity of screening tests to detect change in cogni-
tive functions. Further studies are needed to elucidate the exact pathophysiologic 
mechanisms and effect of OH on cognitive functions.

4.1.2.3  Cardiovascular Disease and Mortality
The presence of OH independently predicts coronary events, stroke, heart failure, 
and CV mortality [42]. Although antihypertensive treatment is usually blamed as a 
risk factor for OH, researches show contradictive results. The HYTE (Hypertension 
Heredity in Malmö Evaluation) study cohort [43], the SPRINT [Systolic Blood 
Pressure Intervention Trial] [44] in individuals without stroke or diabetes, the 
ALLHAT (Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack 
Trial) [45] a randomized clinical trial, and the AASK (African American Study of 
Kidney Disease) trial [46] in African Americans with chronic kidney disease (CKD) 
showed that antihypertensive medications may reduce or not affect the impaired 
orthostatic response. Although antihypertensive treatment seems to decrease OH, it 
may also increase the vasovagal reflex tendency and fall risk in vulnerable individu-
als. Therefore, it is important to consider identification of optimal personal blood 
pressure target in older adults in order to prevent unwanted health outcomes such as 
syncope, falls, and cardiovascular events.

Moreover, presence of cardiovascular autonomic failure is associated with 
upregulated neuroendocrine mechanisms, elevated levels of circulating markers of 
inflammation that lead to structural and functional cardiac changes and ultimately 
promote heart failure. In addition to these, prolonged orthostatic stress in patients 
with OH leads to hyper activation of the endothelin system and activation of com-
pensatory neuroendocrine adaptive mechanisms, eventually the chronic process 
ends up with a state of "orthostatic hypercoagulation" [47]. Thus, OH promotes 
atherothrombosis and ischemic events (stroke, coronary artery disease, and myocar-
dial infarction) in the susceptible individuals [8]. According to prospective observa-
tional studies, OH is related to mortality, cardiovascular disease events (myocardial 
infarction and stroke), and incident heart failure [47].
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4.2  Conclusion

Although OH prevalence increases with age and comorbidities, it is one key fact 
that patients admitted to healthcare have been often overlooked.OH not only has 
close relationship with debilitating diseases such as neurodegenerative diseases, 
cancer, diabetes, but also carries poor prognosis in itself. OH is a major concern to 
be overviewed while evaluating especially symptomatic older adults. Therefore, 
increasing the awareness of clinicians have particular importance.
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5.1  Introduction

The life expectancy around the world is getting longer, and the population aged 65 
and over is growing. Accordingly, the importance of geriatric syndromes becomes 
more evident. There is a significant decrease in compensatory organ functions that 
provide homeostatic balance in the body with aging. One of the manifestations that 
predispose as a result of disruptions in homeostasis is orthostatic hypotension (OH), 
which can be described as a geriatric syndrome [1].

OH is a common clinical problem that affects 6–30% of community-dwelling 
older adults, and this rate rises to 60% for inpatients [1, 2]. OH may cause dizziness, 
blackouts, blurred vision, balance impairment, recurrent falls, dyspnea, angina pec-
toris, paracervical and lumbar pain, weakness, and nausea [3–5]. However, one- 
third of elderly adults with OH are asymptomatic [6].

The correct diagnosis of OH in the elderly is of great importance; previous stud-
ies demonstrated the association of OH with mortality, ischemic stroke, falls, cogni-
tive failure, impaired sleep quality, depression, renal failure, and cognitive 
impairment in older adults. Therefore, evaluation of OH should necessarily be a part 
of the comprehensive geriatric assessment [7–11].

5.2  Diagnosis of OH

In this text, the commonly accepted diagnostic criteria and methods will be 
explained, as well as different views and approaches in the literature.
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The first description of OH was made in a few cases in 1925; the first consensus 
criteria were determined in 1996 [12, 13]. According to the consensus statement 
(CS) on the definition of OH published in 1996, the diagnosis of OH is made in the 
event of at least 20 mmHg reduction of systolic blood pressure (SBP) and/or at least 
10  mmHg reduction of diastolic blood pressure (DBP) within the first 3  min of 
standing or head-up tilt to at least 60° on a tilt table [13]. The focus of this CS is 
stated as neurogenic OH (nOH) (OH due to impaired autonomic reflexes results as 
inadequate sympathetic vasoconstriction). The CS on the definition of OH was 
updated in 2011, and it was defined as a sustained reduction of SBP and/or DBP, 
and also it would be more appropriate to accept this criterion as a 30 mmHg reduc-
tion of SBP in patients with supine hypertension (SH) [14].

The last CS did not mention the time meant by a sustained reduction in BP, but it 
was shown in a small (n = 103) retrospective study that those with who had a sus-
tained (>30 s) BP drop were more likely to have received pharmacological treat-
ment for OH and were more likely to have died in following 5 years than for those 
has a transient (<30 s) BP drop [15].

In the ESC guideline, a decrease in SBP to <90 mmHg is also specified as a 
diagnostic criterion for OH, especially in patients with a baseline SBP 
<110 mmHg [16].

Although there is a consensus report for the diagnosis of OH, discussions about 
the diagnostic criteria and optimal method continue in the current literature [17–
24]: When and how much of blood pressure (BP) drop should be considered? Which 
approach to perform an orthostatic challenge? Which method to measure BP? 
Orthostatic symptoms guide the diagnosis or not? Lack of procedural consistency 
has been emphasized not only in clinical practice but also in studies on OH.

In brief, CS definition on OH is appropriate for screening and standardization in 
clinical studies, but it should be kept in mind that it may be inadequate for the diag-
nosis of OH in older adults in clinical practice. The technique, timing, and position-
ing are the essential variables during an accurate OH evaluation [17–24].

5.3  Variants of OH

The 2011 consensus report also referred to two OH variants, initial and delayed 
OH [14]:

• Initial OH (iOH): A transient blood pressure drop (>40  mmHg SBP and/or 
>20 mmHg diastolic blood pressure) within 15 s of standing [14].

An active standing test (AST) with continuous blood pressure measurement is 
preferable to a head-up tilt table test (HUT) to detect iOH more accurately, as 
beat-to-beat blood pressure monitoring is required [14, 19]. It is thought to be 
iOH caused by the delay of a reflex response to protect cardiac output after the 
drop of peripheral vascular resistance rather than autonomic failure [14, 25]. An 
SBP drop of 20 mmHg and DBP of 10 mmHg should be considered abnormal 
beyond 30 s after standing up, is seen more frequently with aging [26]. Patients 
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may report that they experience transient orthostatic symptoms as soon as they 
stand up and improve immediately. The importance of iOH is that it may be one 
of the underrecognized cause of orthostatic syncope in older adults [25].

• Delayed OH (dOH): OH that develops after the third minute of standing which 
can be identified with prolonged standing BP, or prolonged HUT. Data about the 
importance of dOH in the elderly is limited. In a 10-year-follow up study, it has 
been reported that this phenomenon may be associated with synucleinopathies 
and mortality. It is thought to be a manifestation of early and less severe auto-
nomic failure [14, 27].

5.4  Screening for OH

Gibbons et al. have grouped patients who should be routinely screened for OH into 
five categories [28]:

• Patients with suspected or diagnosed neurodegenerative diseases (Parkinson’s 
disease, pure autonomic failure, multiple system atrophy, Lewy body dementia).

• Patients with an unexplained history of falls or syncope.
• Patients with peripheral neuropathies that may be associated with autonomic 

dysfunction.
• Patients who are elderly (≥70  years of age) and frail or who have 

polypharmacy.
• Patients with orthostatic symptoms.

5.5  Recommendations for Accurate Diagnosis of OH

There are some confounding variables to consider while testing a patient for an 
accurate diagnosis of OH, like time of the day (diurnal variability), room tempera-
ture, food ingestion, state of hydration, medications, age, gender, prolonged recum-
bency, and deconditioning [14]. Since some of these variables can be optimized, it 
is stated that it is beneficial to follow some rules while conducting orthostatic tests.

When performing orthostatic tests for diagnosis of OH;

• It should be ensured that the patient does not smoke, take caffeine, or exercise 
within 30  min before the measurement. (It is known that the mentioned sub-
stances can increase BP and exercise can have both BP increasing effect and 
hypotension effect as stated post-exercise hypotension [29]).

• It should be ensured that measurements are not taken in the postprandial period. 
(Blood pressure drops may occur within between 15 and 90  s after a meal is 
known as postprandial hypotension (PPH). It is observed more frequently in the 
elderly and may be a sign of autonomic failure. PPH develops as a result of inad-
equate sympathetic compensation to meal-induced splanchnic pooling. It is 
thought that vasoactive gastrointestinal peptides and insulin also contribute to 
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vasodilation in the splanchnic circulation, which develops more frequently after 
large meals, particularly those high in carbohydrates [30].

• To avoid overdiagnoses of OH, auscultatory measurements of BP should be 
taken by a physician or nurse skilled in the technique recommended by the 
American Heart Association, with a calibrated manual sphygmomanometer, or a 
calibrated and automated BP monitor can be preferred for BP measurements 
[17, 31].

• Patients should be rested in a supine position for 5 min (at least 3 min) in a quiet 
and 20–24 °C temperature room before the orthostatic test. It is mentioned that 
there is a little benefit to resting supine longer than 5 min before an orthostatic 
challenge [32, 33].

5.6  Gray Areas in Timing and Method for Diagnosis of OH

• Since CS on the diagnosis of OH is not described in detail for the optimal timing 
for BP measurement within 3 min, it may be inadequate for the determination of 
OH in older adults in clinical practice.

Measuring BP at different times after standing, before and after 3 min is asso-
ciated with increased frequency of OH in older adults [18]. Moreover, the diag-
nosis of OH in clinical practice is time-consuming, which poses difficulties in 
the evaluation of elderly patients. It is concluded that orthostatic blood pressure 
changes determined at the first minute may be of higher clinical significance to 
evaluate OH in elderly patients, compare to the third or fifth minute. A first- 
minute measurement appears to be adequate for the diagnosis of OH, based on 
being consistent with the clinical relationships that have been found in the previ-
ous studies in clinical practice as it takes a shorter time and identifies most of the 
cases [23].

Frith recommended that when using intermittent measurement, evidence sup-
ports the first measurement should be taken within the first minute and preferably 
within the first 30 s, the commonest timing for the BP nadir. It may be considered 
good practice to measure BP at 60  s intervals with the final measurement at 
3 min, according to CS and other studies in the literature [19].

• Although AST and HUT are recommended as methods in CS, there are several 
studies to evaluate the optimal way for the orthostatic challenge. There is no 
consensus on the optimum method for diagnosis of OH. Active stand, active sit, 
sit to stand, squat to stand, and HUT have been evaluated in the previous studies 
[19, 34–36].

It still seems to be the most suitable strategy to choose the orthostatic test 
according to the patient’s characteristics in being aware of the advantages and 
disadvantages of the tests in clinical practice.

The AST is mentioned in several studies as it has the advantage of reflecting 
the usual physiological response to standing, and the BP drop is more significant 
during the AST than HUT. However, many older adults cannot change their posi-
tions easily during the transition from supine to the upright position because of 
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existing comorbidities and immobility. An active sitting test or HUT is useful for 
those who are unable to stand. HUT can help distinguish between nOH and pos-
tural tachycardia syndrome (POTS) [37]. (POTS is an exaggerated increase in 
heart rate as a sustained increment of ≥30 beats/min or ≥120 beats/min heart rate 
within 10 min of standing or head-up tilt in the absence of OH. It should be noted 
that this criterion may not be applicable to people with bradycardia. 
Deconditioning, viral infections, and autonomic disorders are among the causes 
of POTS [14].)

It is considered that HUT is most useful in documenting objective measures 
of OH that cannot be obtained in a clinical setting, and it is essential that the 
evaluation of OH by HUT should be included in daily geriatric practice. European 
guidelines recommend HUT if the AST is negative, especially if the patient’s 
history suggests OH [17, 38].

• Ambulatory blood pressure monitoring (ABPM) may help confirm the diagnosis 
of OH in patients with inconsistent BP measurements in the office. When using 
ABPM for the determination of OH, it should be combined with a posture and 
orthostatic symptom diary of the patient during monitoring [39]. ABPM also has 
a valuable role in the diagnosis and monitoring of SH [40].

5.7  Reproducibility

As BP responses to orthostasis are variable because of many confounding factors 
including diurnal variation, presence of vasoactive hormones, plasma volume, and 
vasoactive medications, repeated measurements should be done for accurate diag-
nosis of OH.  Probably as a result of these, reproducibility for OH is poor and 
changes between 57% and 81% [38, 41, 42]. Reproducibility is even weaker in the 
ward-based setting during a daytime [43]. It has been shown that reproducibility is 
higher in cases with autonomic failure [42]. OBPC is more severe in the morning, 
especially when getting out of bed due to prolonged supine position during the 
night. It might be useful to perform an orthostatic challenge in the morning and try 
to minimize the confounding factors to improve the reproducibility [37, 42].

5.8  Differential Diagnosis in OH

OH is often classified as neurogenic and non-neurogenic [44]. Another form of clas-
sification is acute and chronic OH. Remarkably, the causes of non-neurogenic and 
acute OH, as well as neurogenic and chronic OH, generally overlap.

Acute OH is usually symptomatic, develops in a short time, and reversible when 
the underlying cause is resolved. Dehydration, sepsis, adrenal insufficiency, myo-
cardial ischemia, prolonged recumbency or standing, and drugs are examples for 
acute OH [4, 44].

Chronic OH is usually asymptomatic at baseline, develops over a longer time, and 
it usually requires pharmacological treatment in addition to non-pharmacological 
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methods. It is often due to autonomic insufficiency secondary to central (dysautono-
mias, synucleinopathies, brain tumors, brain-stem lesions) or peripheral (diabetes 
mellitus, dopamine beta-hydroxylase deficiency, paraneoplastic syndrome, vitamin 
B12 or folate deficiency, alcoholic polyneuropathy, amyloidosis) nervous system 
diseases [4, 44].

In terms of differential diagnosis, findings on a detailed history and physical 
examination will be useful for clinical tips for non-neurogenic and neurogenic 
causes [4, 44].

Findings from laboratory tests and orthostatic tests also will help provide dif-
ferential diagnosis:

• Physiological response to orthostatic challenge is a small fall in SBP 
(5–10 mmHg), an increase in DBP (5–10 mmHg), and an increase in pulse rate 
(10–25 beats per minute) [38].

• An immediate, progressive, and significant decrease in SBP and/or DBP, fre-
quently without an appropriate increase in heart rate, indicates dysautono-
mia [38].

• An orthostatic drop in BP accompanied by an increase in HR may indicate a non- 
neurogenic cause, while no increase in HR may indicate nOH [28].

• Neurally mediated (reflex) syncope is characterized by sudden and symptomatic 
(effects cerebral perfusion) decrease in BP, accompanied by sudden developing 
bradycardia. Often there are triggering factors such as emotional stress and pain, 
and prodromal symptoms come first. Postural hemodynamics are normal in these 
patients, except in acute events. It should be distinguished from syncope due to 
nOH in patients with chronic autonomic failure. The autonomic response to the 
Valsalva maneuver is normal, in contrast to autonomic failure [14].

• An exaggerated increase in heart rate as a sustained increment of ≥30 beats/min 
or ≥120 beats/min heart rate within 10 min of standing or head-up tilt in the 
absence of OH indicates POTS [14].

• Vertigo is the result of vestibular or cerebellar pathology, but it may be confused 
with the dizziness or light-headedness of OH. In neurological examination, cer-
ebellar ataxia or nystagmus can be detected, and vestibular testing with electro-
nystagmography shows abnormal responses [45].

• OH, should be evaluated in a patient who applied to the clinic due to a fall. On 
the other hand, falls due to other causes in the elderly should be questioned. 
Falling due to sensory disorders and orthopedic problems can be given as exam-
ples. Discrimination can be provided with a detailed history and physical exami-
nation. Neurologic examination may show gait imbalance or abnormal postural 
reflexes [46].

• Psychogenic pseudo-syncope is characterized by periods of unresponsiveness 
due to psychiatric disorders. It could be confused with syncope. A psychiatric 
evaluation may be helpful in determining the cause. Normal HUT responses may 
be suggestive for the diagnosis [16].
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5.9  Conclusions

Correct evaluation of orthostatic hypotension (OH) is crucial in geriatric practice 
since OH is associated with mortality and morbidity. It is important to evaluate the 
patient for OH, even if it is asymptomatic, considering the increased frequency of 
OH in the elderly. CS on the definition of OH that made in 2011 is appropriate for 
screening and standardization OH in clinical studies, but it should be kept in mind 
that it may be inadequate for the diagnosis of OH in older adults in clinical practice. 
It may be favorable to perform OH evaluation at each visit, considering the low 
reproducibility of OH.
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Abbreviations

ACE Angiotensin Converting Enzyme
CCBs Calcium Channel blockers
DOH Drug-Induced Orthostatic Hypotension
L-DOPA Levodopa
OH Orthostatic Hypotension
PD Parkinson’s Disease
TCAs Tricyclic Antidepressants

6.1  Introduction

Drug-Induced Orthostatic Hypotension (DOH) is an unnoticeable finding or symp-
tom and one of secondary OHs in the elderly [1]. DOH or symptoms are associated 
with increased neurodegenerative changes or diseases leading to autonomic nervous 
system (ANS) malfunctioning. If DOH is not asymptomatic, DOH like OH is usu-
ally manifested by varying degrees of light-headedness on standing, a symptom 
tolerated by most individuals. In more progressive periods, it is inevitable that it 
leads to syncope, falls, injury, cerebrovascular accidents, and myocardial infarction 
as a result of reduced perfusion. Normally, decreased blood pressure is prevented by 
autonomy tone or reflex sympathetic system activation with an increase in heart 
rate, and constriction of peripheral veins and arteries, but not works sufficiently in 
patients with OH.  Therefore, impairment or dysfunction of autonomic tone (or 
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reflexes) that regulate blood pressure may lead to OH. DOH is frequent due to drugs 
that may interfere with autonomic function (e.g., antihypertensive drugs, antide-
pressants, diuretics, and blocker drugs for the treatment of urinary retention), dis-
eases which causes peripheral autonomic neuropathies such as diabetes, and less 
widely, primary degenerative disorders of the ANS [2]. As a result, orthostatic hypo-
tension may be frequently triggered or developed easily by drugs in elderly and 
DOH occurs. The presence of DOH reflects a functional or structural sympathetic 
denervation or a deranged reflex readjustment of sympathetic outflow DOH fre-
quently observed in elderly and patients with neurodegenerative diseases, diabetes, 
or hypertension.

In 1996, OH was described, as a drop in systolic blood pressure ≥20 mmHg or 
diastolic blood pressure ≥10 mmHg on postural challenge, with or without symp-
toms, after 3 min of standing or head-up tilt to at least 60° on a tilt table, by the 
American Academy of Neurology and the American Autonomic Society. In 2011, 
the definition was updated, as initial and delayed OH. A transient blood pressure 
decline (≥40  mmHg systolic blood pressure and/or ≥20  mmHg diastolic blood 
pressure) within 15 s of standing is defined as initial OH, whereas OH that occurs 
beyond 3 min of postural challenge, was defined as delayed OH [2]. Position change 
from supine to the upright is the significant parameter responsible for the degree of 
the decrease. Also, the occurrence of the symptoms of OH is due to the degree of 
decrease, rather than the low blood pressure value [3].

6.2  Epidemiology

OH is very common, affecting one in five community-dwelling older people, the 
prevalence ranges from 5% to 30%, increases with age and mostly seen in patients 
≥65 years old [4–6]. Prevalence studies indicating that about 25% of type II diabetic 
patients, 30% of people aged ≥65 years, and 70% of Parkinson’s disease patients 
are experiencing orthostatic hypotension [7]. Symptoms of patients suffering from 
OH are light-headedness, dizziness, nausea, weakness or blurred vision during in 
standing position. Due to the nonspecific symptoms of orthostatic hypotension like 
dizziness, fatigue, difficulties in concentration, and vision problems, it is estimated 
that it is a more common issue among geriatric population [8]. Risk factors are 
medications (particularly antihypertensive drugs), smoking, being on a bed rest for 
a long time and some comorbidities. Initial period of neurodegenerative diseases 
including Parkinson’s disease and neuropathic diseases like Diabetes mellitus may 
provoke DOH, which is closely related to instability of autonomic nervous system, 
but it is also a frequent symptom among hypertensive patients [9] and frailty in 
elderly patients [10]. On the other hand, the underlying cause of the non-neurogenic 
OH may be hypovolemia, which can be caused by disorders such as chronic bleed-
ing, diabetes insipidus, adrenal insufficiency, diarrhea or dehydration [3, 5, 11].

Increased diurnal BP variabilities and hypertension, which are both present in 
cases of primary and secondary OH, may provoke episodic attacks with increased 
afterload, leading to permanent organ damage, such as left ventricular hypertrophy 
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and reduced renal function, high risk of congestive heart failure, and also ischemia 
in myocardium. Moreover, altered autonomic tone in patients with hypertension 
[13] and sleep apnea [12]is known to be associated with the development of atrial 
fibrillation [14], which is itself accepted as a famous risk factor for heart failure 
[13, 14].

Disruption of blood pressure homeostasis is account for increasing the actions of 
neuroendocrine compensatory systems, also will possibly promote the occurrence 
of cardiovascular or cerebrovascular events. Supporting this theory, vascular endo-
thelin system hyperactivation has been detected in patients with fall or syncope due 
to OH [15]. Therefore, endothelin 1 and vasopressin, which are considered as endo-
gen vasoconstrictors and play a role to maintain adaptive mechanisms along ortho-
static hypotensive stress, may cause atherothrombotic vascular events in predisposed 
individuals [16]. However, current literatures do not display us until now to reach 
any conclusion as to whether OH is a sign of mortality risk, an intermediate variable 
of the cardiovascular risk factors, a stage of disease severity, or a different causative 
mechanism.

6.3  Drug-Induced Orthostatic Hypotension

Patients with DOH may show abnormal responses to a lot of pharmacological con-
ditions or physiological changes, such as wide fluctuations in BP [17]. Medications 
and diseases conditions that may produce functional disruption of the autonomic 
nervous system cover treatment with antihypertensive drugs (vasodilators, 
α-adrenergic receptor antagonists, calcium channel blockers, diuretics, angiotensin 
converting enzyme inhibitors, diuretics, and β-adrenergic receptor blockers) antide-
pressants, antipsychotics and chemotherapeutic agents; relative decrease in circulat-
ing volume; peripheral venous pooling; and congestive heart failure [18]. List of 
drug groups causing OH are shown in Table 6.1.

Although, DOH is seen in patients who have progressive changes in cardiovas-
cular physiology associated with normal aging, most patients do not experience OH 
unless they have concurrent diseases, or the patient is receiving drugs which are 
known to induce hypotension. There are increased number of unrecognized cases as 
majority of patients with OH are having few nonspecific findings and they are usu-
ally asymptomatic.

OH Patients may also suffer from wide BP swings and also recumbent hyperten-
sion, or they may have abnormal responses to some pharmacological or physiologi-
cal difficulties [17, 19].

Immobilization, alcohol drinking, alcohol drinking, post-exercise, heat and fever 
are considered as predisposing conditions to dehydration and venous pooling, which 
may exacerbate the symptoms especially in the mornings after waking up. After 
consumption of large meals with carbohydrate-rich food, patients with autonomic 
dysfunction become more open to occurrence of postprandial hypotension, as a 
result of gastric distension, release of vasodilator endogen peptides and splanchnic 
blood pooling [20]. Nocturnal polyuria, resulting from the distribution of peripheral 
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blood to central regions in supine status, is a common complaint and also aggra-
vated by natriuresis with accompanying supine hypertension. Thereby, tendency to 
morning hypotension may be enhanced in these patients and they may suffer from 
decreased intravascular volume overnight.

6.4  The Relationship of Orthostatic Hypotension with Age

Most patients with DOH are asymptomatic or have few nonspecific symptoms, so, 
it is very hard to predict the rate of unrecognized cases [21]. However, aging is the 
most important risk factor for DOH like OH [22, 23], also with some medications 
(nitrates, antihypertensive drugs, α-adrenergic blockers, antidepressants, polyphar-
macy) [24, 25] and other unspecific factors worsening OH (alcoholism, female sex, 
increased body temperature, insufficient body mass index, and smoking [26, 27]. 
Predisposing and protective factors affecting OH by normal aging are shown in 
Table  6.2 [28]. When the central arterial pressure and cerebral perfusion related 

Table 6.1 Main drug groups causing orthostatic hypotension

Calcium Channel blockers
Vasodilators (nitrates)
Angiotensin converting enzyme inhibitors
Diuretics
α-Adrenergic receptor antagonists
β-Adrenergic receptor blockers
Sympatholytics
Antipsychotics
Antianginals
Antiarrhythmics
Anti-parkinsonian drugs
Antidepressants
Monoamine oxidase inhibitors
Dopamine receptor agonists
Drugs for erectile dysfunction
Chemotherapeutic agents
Phenothiazines
Narcotics/tranquilizers/sedatives

Table 6.2 Predisposing factors affecting orthostatic hypotension by normal aging [28]

Predisposing factors
Vascular Cardiac Renal

∙    Decreased baroreceptor 
activity

∙   Decreased arterial compliance
∙   Increased venous capacity
∙   Decreased plasma volume
∙   Low cerebral blood flow
∙    Decrease in vasopressin 

response (via V1 receptors)

∙    Reduced cardiac 
compliance

∙    Reduced cardiac 
output

∙    Reduced renin/angiotensin 
activity

∙   Decrease in vasopressin 
response (via V2 receptors)

∙   Reduced renal sodium 
conservation
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with cerebral tissue oxygenation declines critically during OH, patients may addi-
tionally report dizziness, blurred vision, fatigue, and, finally, suffer from loss of 
consciousness.

In the early periods of aging, low blood pressure or OH symptoms are not always 
observed with DOH, but may be triggered by medications. When there is an increase 
in neurodegenerative changes, OH symptoms including dizziness, light-headedness, 
and syncope, all related to insufficient blood flow to brain regions, and also fatigue, 
weakness, blurred vision, hearing impairments or cognitive slowing may be 
observed [21, 29]. As known, DOH is usually asymptomatic [21], but carries a risk 
for falls, syncope or cognitive dysfunction like OH [7]. If patients with DOH have 
symptoms at young and middle-ages, various neurodegenerative diseases are mani-
fested by OH and it can be seen in early stages of the disease by some drugs. 
However, autonomic dysfunction is low to be drug-triggered or the level of disrup-
tion in the autonomic neuron is not enough [22].

6.5  Pathophysiology

Pathologically, OH are often classified as primary and secondary types [30] and 
clinically are subdivided into acute and chronic forms [17]. DOH, is considered as 
a secondary OH, it is triggered by medications and some chronic diseases such as 
diabetes mellitus and cardiovascular diseases. OH can be classified into pathophysi-
ological categories as neurogenic (structural) and non-neurogenic (functional) 
causes of autonomic dysfunctions. Neurogenic OH is a critical manifestation of 
autonomic dysfunction related with primary chronic neurodegenerative disorders, 
such as multiple system atrophy, or Parkinson disease, however the diseases that 
cause neurological disorders such as diabetes, polypharmacy, or advanced renal 
failure can cause secondary type [30, 31].OH resulting from the autonomic dys-
functions originated to a primary neurodegenerative disease, is usually considered 
as neurogenic OH. Some systemic illnesses producing peripheral neuropathy can 
cause secondary autonomic dysfunction or failure. The etiology of secondary OH 
leading to autonomic dysfunctions is shown in Table 6.3.

Dysautonomic manifestations related with neurodegenerative changes cause OH 
by the relation of different parts of the autonomous nervous system in elderly. For 
example, autonomic dysfunction of the cardiovascular system is connected to a loss 
or decrease of peripheral noradrenergic innervation. All of these dysautonomic 
symptoms are mainly associated to preganglionic autonomic neuron degeneration 
of the brainstem and spinal cord [32]. Although, there are many different symptom- 
specific scales that clinically being used, they are insufficient to identify OH symp-
toms according to degree of neuropathology or aging and to estimate OH 
prevalence [33].
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6.6  The Control Mechanisms in Maintaining Blood Pressure

Regulation mechanisms of BP are complicated physiological functions depending 
on continuous actions of the cardiovascular, endocrine renal and neurologic systems 
[31]. While central blood flow maintains as control of BP through the changes in 
vascular tonus and cardiac output, regional blood flow occurs through local media-
tors (eicosanoids, endothelin, nitric oxide, and tissue plasminogen activators). The 
maintenance of these physiological changes is provided by the intact autonomic 
nervous system consisting of the parasympathetic and sympathetic nervous sys-
tems. The sympathetic nervous system determines the size or magnitude of arterial 
BP and the distribution and regulation of cardiac output [32]. Therefore, adrenergic 
receptors will be discussed extensively in below. The parasympathetic contribution 
to the setting of vascular tone is less importance.

Baroreceptors and chemoreceptor feedback reflex mechanisms regulate the 
short-term reflex control of the sympathetic vasomotor activities. In cases of differ-
ent external stimuli or stresses, central mechanisms will also produce sympathetic 
activities [33]. The long term control of cardiovascular homeostasis depends on 
various mechanisms, including renal changes in the control of extracellular volume, 
natriuresis, the levels of sympathetic vasomotor activity, and the renin-angiotensin- 
aldosterone systems [33–35].

DOH can be well accomplished by solving the likely causes and understanding 
the mechanisms related with the maintenance of blood pressure due to sudden posi-
tion changes. Considering the effect of gravity, standing up causes the translocation 
of blood to lower parts of the body, decreased venous return and eventually reduced 
stroke volume and decreased cardiac output [5]. Compensating actions of the body 

Table 6.3 Etiology of autonomic dysfunction related with secondary orthostatic hypotension

Polypharmacy
Iatrogenic (drug-related)
Older age
Diabetes mellitus
Cerebrovascular disease
Cardiovascular diseases (essential hypertension, pulmonary hypertension, sick-sinus 
syndrome, AV-block, heart failure, aortic stenosis)
Renal failure
Volume reduction
Venous pooling
Polyneuropathy (alcohol and other)
Endocrine disorders (diabetes insipidus, adrenal insufficiency, thyroid diseases)
Amyloidosis
Autoimmune diseases
Multiple myeloma
Paraneoplastic syndromes
Multiple sclerosis
Spinal cord diseases
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includes (1) muscle pump, (2) baroreflex mechanisms and (3) renin-angiotensin- 
aldosterone system (Fig. 6.1):

 1. In the upright position, approximately 600  ml of blood are redistributed and 
pooled in lower extremities, venous return of the circulating blood to the heart is 
decreased. Muscle contractions compress capacitance vessels, increase venous 
return, and inhibit the excess pooling of the blood in lower parts of the body. 
Skeletal and gluteal muscles pump blood from the legs and force blood supply to 
the heart through the venous system. These muscle contractions are considered 
as the primary defense against decreased venous return [5, 36, 37].

 2. The neurovascular adjustments start with a decrease in blood pressure and this 
decrease is detected immediately by the baroreceptors. These baroreceptors 
which are responsible from sensing the pressure changes, are located in the 
carotid sinus, intima of the aortic arch and also in the walls of the atrium and 
ventricles. When there is a sudden decrease in blood pressure, this information is 
noticed by baroreceptors, integrated in the medulla and the compensatory mech-
anisms are stimulated. This mechanism in the heart and vessels works within 
seconds via sympathetic nervous system. Increased norepinephrine release and 
α-adrenergic receptor stimulation lead to vasoconstriction and causes blood to 
move toward the upper parts of the body. Standing up causes a temporary drop 
in afferent arteriole perfusion pressure. Low or decrease in renal arterial pressure 
and sympathetic neural activity (through β-adrenergic receptors) stimulates 
release of renin by the juxtaglomerular apparatus and triggers the renin- 
angiotensin- aldosterone system [5, 36, 37].

 3. Renin-angiotensin-aldosterone system is a longer-lasting control mechanism for 
the regulation of blood pressure. Angiotensinogen, which is produced in the 
liver, is converted to angiotensin I by an enzyme called renin. Renin production 
increases in case of reduction in sodium levels and in blood pressure, which is 
perceived by the kidneys. Decreased blood pressure can stimulate the sympa-

Upright position

Translocation of blood
Decreased venous return

Baroreceptors sense the
pressure change

Blood pressure

Stimulation of
sympathetic

nervous system

Norepinephrine release
Vasoconstriction

Renin release

Blood pressure

Fig. 6.1 Compensating actions to regulate blood pressure in response to standing
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thetic activity, and also renin secretion is increased via β1-adrenergic receptors. 
Angiotensin I, an important active precursor, is cleaved by the angiotensin con-
verting enzyme to produce angiotensin II. Angiotensin II, a more active form 
leads to direct constriction of resistance vessels and stimulates the secretion of 
aldosterone from the adrenal glands. Aldosterone increases renal reabsorption of 
sodium and therefore leads to elevated blood sodium and increasing water reten-
tion and blood volume. These homeostatic actions of the renin–angiotensin aldo-
sterone system occurs in minutes and hours, and responsible from the regulation 
of blood pressure [5, 36, 38].

6.7  Drug-Mediated Dysfunctions of Blood Pressure 
Maintenance in Older Age

The compensating actions of the body may become insufficient as a result of some 
age-related structural changes. Especially, evaluation of age-related pathological 
changes in the vessels should be the starting point of orthostatic hypotension. 
Advanced age may promote pathophysiological modifications that result in ineffec-
tive compensation to blood pressure changes. These modifications include thicken-
ing and dilation of large arteries, increased stiffness of barosensory vessel walls and 
decreased effectiveness of cardio-vagal autonomic control [39, 40]. Venous pooling 
and decreased venous return cause a reduced stroke volume due to the change of 
supine to standing position, and therefore decreases cardiac output. The natural 
response of the cardiovascular system will be increasing the heart rate and vasocon-
striction in order to maintain blood supply to the cerebral tissues. In the elderly, 
blood vessels become inadequate to respond these blood pressure changes, and 
heart rate is more stable. These alterations of the autonomic nervous system have an 
important role in the development of age-dependent increase of the prevalence of 
OH [41]. On the other hand, the blood volume is reduced owing to the dehydration 
or reduced hematopoiesis in geriatric patients. These age-related changes that con-
tribute to the occurrence of OH, are not temporary and will deteriorate consistently 
over time [42]. Risk of OH is increasing not only because of the pathophysiological 
changes but also some medical interventions, considering the fact that geriatric 
patients are under treatment with medications (prescription and non-prescription 
drugs) that may attenuate the normal physiologic response to standing. Also, regard-
ing the increased prevalence of polypharmacy in elderly patients, DOH should 
become under review [19].

OH is a side effect of many common medications used by older persons includ-
ing for α-adrenergic receptor antagonists, calcium channel blockers, diuretics, 
angiotensin converting enzyme inhibitors, antipsychotics, beta-adrenergic receptor 
blockers, anti-Parkinsonian drugs, antianginal, and antidepressant medications [24, 
28]. All of the drugs that could potentially cause OH side effects are presented on 
Table 6.4 [43]. However, the drugs leading to potentially If OH occurrence is a side 
effects of drug, it need to evaluate again potential predisposing factors for definition 
of pathology. In some cases, it may be difficult and hazardous to stop the offending 
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medications. In these cases, different treatment strategies including the use of salt 
tablets, elevation of the head of the bed, and fludrocortisone administration may be 
instituted prior to or while continuing the offending medication [44]. However, the 
main strategy in DOH is to change the treatment of the disease that causes drug use 
and then to confirm it.

Table 6.4 List of the drugs that lead to orthostatic hypotension and hypotension as side effect [43]

Drugs with orthostatic hypotension side effects

Irinotecan Labetalol Pramipexole Tamsulosin

Drugs with hypotension side effects

Acamprosate
Acebutolol
Alfuzosin
Amantadine
Amiloride
Amisulpride
Amitriptyline
Amlodipine
Amphotericin B
Anagrelide
Apomorphine
Aripiprazole
Asenapine
Atenolol
Atorvastatin
Azilsartan
Baclofen
Benazepril
Bendrofluazide
Betahistine
Bisoprolol
Bortezomib
Bosentan
Bretylium
Bromocriptine
Bupivacaine
Buprenorphine
Bupropion
Cabazitaxel
Cabergoline
Canagliflozin
Candesartan
Capecitabine
Captopril
Carbamazepine
Carbidopa
Carisoprodol
Carvedilol
Cevimeline
Chlorpromazine
Chlorthalidone
Cidofovir
Cilazapril
Cilostazol
Ciprofloxacin
Cisplatin
Citalopram
Clomipramine
Clonazepam

Clonidine
Clozapine
Codeine
Conivaptan
Dacarbazine
Dapagliflozin
Delavirdine
Deprenyl
Desmopressin
Desvenlafaxine
Diazepam
Diltiazem
Dipyridamole
Docetaxel
Dolasetron
Donepezil
Dothiepin
Doxazosin
Doxorubicin
Duloxetine
Empagliflozin
Entacapone
Eplerenone
Eprosartan
Eslicarbazepine
Ethionamide
Etoricoxib
Felodipine
Fenoldopam
Fentanyl
Finasteride
Flunitrazepam
Fluoxetine
Fluvoxamine
Fosinopril
Fosphenytoin
Furosemide
Gadobutrol
Galantamine
Granisetron
Guanfacine
Halofantrine
Haloperidol
Hydrochlorothiazide
Hydroflumethiazide
Hydromorphone
Ibutilide
Icodextrin
Iloperidone

Imipramine
Indapamide
Irbesartan
Irinotecan
Isocarboxazid
Isosorbide
Itraconazole
Ivermectin
Ketoconazole
Labetalol
Lamotrigine
Lercanidipine
Leuprorelin
Levodopa
Levomepromazine
Linaclotide
Lisuride
Losartan
Loxapine
Lurasidone
Maprotiline
Maraviroc
Mecamylamine
Medroxyprogesterone
Memantine
Meperidine
Methadone
Methysergide
Metolazone
Metoprolol
Mirtazapine
Mitotane
Moexiprilat
Morphine
Moxifloxacin
Moxonidine
Mycophenolate
Mycophenolic acid
Nabilone
Nefazodone
Niacin
Nicardipine
Nicorandil
Nifedipine
Nisoldipine
Nitroglycerin
Norfloxacin
Nortriptyline
Ofloxacin

Olanzapine
Olmesartan
Olsalazine
Oxcarbazepine
Oxprenolol
Oxycodone
Oxymorphone
Paclitaxel
Paliperidone
Parecoxib
Paroxetine
Pergolide
Perindopril
Perphenazine
Phenelzine
Phenoxybenzamine
Phentolamine
Phenylephrine
Phenytoin
Pimozide
Pindolol
Polythiazide
Posaconazole
Pramipexole
Prazosin
Pregabalin
Propafenone
Prostacyclin
Protriptyline
Quetiapine
Quinapril
Quinaprilat
Quinidine
Ramipril
Ranolazine
Rapamycin
Rasagiline
Reboxetine
Rifapentine
Riluzole
Risperidone
Ritonavir
Rivastigmine
Ropinirole
Ropivacaine
Rotigotine
Sertraline
Sibutramine
Sildenafil

Silodosin
Sitagliptin
Sitaxsentan
Sodium nitroprusside
Sparfloxacin
Tacrolimus
Tadalafil
Tamsulosin
Telmisartan
Terazosin
Tetrabenazine
Thalidomide
Thiazide
Tiagabine
Tizanidine
Tolvaptan
Topiramate
Tramadol
Trazodone
Trospium chloride
Valproate
Valsartan
Vardenafil
Venlafaxine
Verapamil
Vinflunine
Voriconazole
Zaleplon
Ziconotide
Ziprasidone
Zolmitriptan
Zolpidem
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6.8  α-Adrenergic Receptor Antagonists

Antihypertensive mechanism of action ofα-adrenergic receptor antagonists is the 
selective blockade of postsynaptic α1 receptors located both in arterioles and 
venules. This blockade results a decrease in arterial blood pressure because of dila-
tion in both resistance and capacitance vessels. Therefore, patients under therapy 
with α1 receptor blockers are likely to have decreased blood pressure when chang-
ing from supine position to the upright position. Monitorization of the blood pres-
sure should be maintained especially for elderly patients [28, 36, 45].α2 receptor 
stimulation in the brain results in presynaptic inhibition or in a decrease in the 
release of norepinephrine from the vasomotor center centrally, increases the vagal 
tone and therefore reduces the blood pressure. The decrease in sympathetic tonus 
may result in decreased heart rate, cardiac output, peripheral resistance, level of 
plasma renin and activity of baroreceptor reflexes, therefore, may cause OH.

6.9  Diuretics

Diuretics are effective in lowering blood pressure by depleting the sodium stores in 
the great majority of patients and thereby causing volume depletion by increasing 
the volume of urine excreted. The decrease in plasma volume that results in response 
to an increased urine and Na excretion, lowers cardiac output and venous return. 
Most side effects of diuretics are, generally dose-dependent, including hyponatre-
mia, hypovolemia, and hypotension. Diuretics can be used as monotherapy in 
patients with mild to moderate primary hypertension. In patients with severe hyper-
tension, diuretics can be used in combination with sympatholytic and vasodilator 
drugs. Also, in the elderly, when considering the dehydration, weakness and volume 
depletion in these patients, the risk of OH due to the diuretic therapy will be 
increased [28, 36, 46, 47].

6.10  Angiotensin Converting Enzyme (ACE) Inhibitors

ACE Inhibitors inhibit competitively the activity of ACE (also termed kininase II) 
to prevent formation of angiotensin II (more active octapeptide) from angiotensin I 
(less active decapeptide). Its reduce total peripheral resistance and systolic and dia-
stolic BP by decreasing vasoconstrictor effects of angiotensin II and sodium- 
retaining activities through aldosterone. ACE is also named as plasma kininase, 
which is responsible from the breakdown of a potent vasodilator bradykinin. 
Therefore, ACE inhibitors increase the actions of the kallikrein—kinin system, and 
the release of nitric oxide and prostacyclin will be increased. Patients with low car-
diac output like in congestive heart failure and also patients with high plasma renin 
activity may experience excessive fall in blood pressure and are at risk of OH [28, 
42, 47, 48].
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6.11  Calcium Channel Blockers

Calcium channel blockers (CCBs) act on the L-type calcium channels found in the 
vascular smooth muscle and cardiac myocytes. Blockade of these channels inhibits 
the influx of calcium into muscle cells, thereby results in the inhibition of smooth 
muscle contraction and also cardiac muscle contraction [49].Dihydropyridine cal-
cium channel blockers inhibit calcium influx into arterial smooth muscle cells and 
cause vasodilation more selectively, and their depressant effect on the heart is less 
than verapamil and diltiazem. Dihydropyridine calcium channel blockers require 
monitoring in elderly patients with hypertension, as they are potent vasodilators and 
overdose can lead to an excessive fall in blood pressure, also postural hypotension 
[3, 28, 36].

6.12  Beta-Adrenergic Receptor Antagonists

β-Adrenergic receptors have three subtypes: β1, β2, and β3. Beta-1 receptors are pre-
dominantly found in two locations: the heart and the kidneys. Norepinephrine binds 
to the beta-1 and beta-2 receptors and activation of these receptors results in positive 
inotropic, dromotropic, and chronotropic effects on the heart. Activation of beta-1 
receptors increases renin release from the juxtaglomerular apparatus of the kidney 
[47]. β-adrenergic receptor antagonists decrease blood pressure by blocking β1 
adrenergic receptors, decreasing cardiac output and inhibiting the stimulation of 
renin production. The cardiac-selectivity, partial agonist activity, and associated 
vasodilating properties of β-adrenergic receptor antagonist drugs, originated from 
the receptor selectivity and emphasize their pharmacodynamics properties. Some 
β-blockers having partial agonistic activity or intrinsic sympathomimetic activity, 
also having inhibitor activity both on α and β adrenergic receptors, may reduce 
blood pressure with a low incidence of side effects. If there isn’t a problem with the 
electrical conduction system of the heart and cardiac functions are not impaired, 
β-blockers considered as safe and effective for hypertension and the incidence of 
OH is low [3, 28, 36, 50].

6.13  Antipsychotic Drugs

Desired pharmacological activity of antipsychotic drugs is through the blockade of 
dopaminergic (D2) receptors in the central nervous system. The excess dopaminer-
gic activity in the limbic system plays a critical role in the development of psychosis 
and the most of antipsychotic drugs block postsynaptic D2 receptors especially in 
the mesolimbic and striatal-frontal pathways [36].Although the most of effective 
antipsychotic drugs block D2 receptors, the levels of this blockade varies consider-
ably among drugs and blockade of α adrenergic, muscarinic, H1 histaminic, and 
serotonin receptors is responsible from their possible adverse reactions. Decreased 
baroreceptor reflex during orthostatic stress, and also decreased venous return and 
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cardiac output may contribute to orthostatic hypotension, which is one of the clini-
cal side effects of antipsychotic drugs [51–53]. These effects are originated from the 
presence of autonomic actions of these agents; manifestations of the muscarinic 
cholinergic receptor blockade are dry mouth, difficulty urinating and constipation, 
while α adrenergic receptor blockade are orthostatic hypotension.

6.14  Tricyclic Antidepressant Drugs

Antidepressants mostly focus on the monoamine hypothesis of depression suggest-
ing that depression is related to decreased levels of serotonin, norepinephrine and 
dopamine as neurotransmitter in the central nervous system. Antidepressant activity 
of the tricyclic antidepressants (TCAs) is through the inhibition of serotonin and 
norepinephrine reuptake. Although the TCAs were the most important class of anti-
depressant agents, the use of TCAs is reserved for the patients who are unresponsive 
to selective serotonin reuptake inhibitors and serotonin-norepinephrine reuptake 
inhibitors, due to their poorer tolerability. TCAs may cause dry mouth and constipa-
tion and these adverse effects are originated to the potent anti-muscarinic actions of 
these drugs. However, these drugs can also act as potent antagonists of the histamine 
(especially H1) receptor, causing weight gain and sedation. In addition to these, OH 
due to the α1 adrenergic receptor blocker properties, is a significant adverse effect of 
TCAs particularly seen in older patients [28, 36, 54].

6.15  Anti-parkinsonian Drugs

Decreased dopaminergic activity in the central nervous system is the major concern 
for Parkinson’s disease (PD) and considered as the major cause of the motor symp-
toms. Patients with Parkinson’s disease, when compared with age-matched people 
in general population, generally have lower blood pressure levels. This posture 
related drop in blood pressure is frequently seen in PD patients, but it is generally 
asymptomatic [55]. Drugs used for the treatment of Parkinson’s disease mainly 
focus on dopaminergic activity and may cause OH by interfering the autonomic or 
cardiovascular compensation mechanisms. OH has commonly seen and more often 
become symptomatic with levodopa (L-DOPA) treatment. L-DOPA is converted to 
dopamine and may act as a false transmitter. Also, dopamine receptor agonists may 
cause arterial and venous dilation by inhibiting the sympathetic activity and may 
aggravate OH [56–58].

6.16  Conclusion

The management of DOH is critical in elderly, concerning the higher risk of falls 
and its results that may adversely affect quality of life of the patients. Interdisciplinary 
and professional teamwork with a geriatric specialist, cardiologist and clinical 
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pharmacologist or pharmacist should take part for the diagnosis and treatment. 
DOH is a frequent issue in geriatric patients and removal of the triggering factors 
should be the first action. Medications can be revised, decreased, changed, or 
stopped completely. The initial steps in the treatment of DOH are to (a) control or 
check the patient’s inappropriate medications, (b) evaluate the patient’s fluid, salt, 
and nutritional intake, and (c) provide patient education to prevent further problems 
such as falling and dizziness. Optimization of the patient’s drug regime will help to 
ameliorate the symptoms and avoid related morbidity. Patients with diabetes melli-
tus, hypertension, PD, and dehydrated patients are more likely to develop OH, 
therefore should be closely monitored. Decent documentation of medical history is 
required to determine and overcome drug-induced problems. In particular, it is nec-
essary to be very careful in treatment to prevent the development of geriatric syn-
dromes in the elderly. If DOH attacks cannot be avoided despite discontinuation, 
switch or changing of the potential drugs for OH, DOH should be evaluated and 
treated as a primary OH.
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7.1  Frailty and Orthostatic Hypotension

Frailty is characterized by the reduction of a physiological reserve and the ability to 
resist physical or psychological stresses [1–4]. There is a small but growing body of 
literature that shows frailty is associated with OH. In a study of 496 Turkish patients, 
who were admitted to a geriatric clinic, using a cross-sectional observational study 
design, individuals classified as frail were more likely to have OH compared to 
those categorized as frail and robust [5]. In another study of 116 participants resid-
ing in a long-term care facility and 65 years and over it was found that in frail indi-
viduals the prevalence of initial OH, recovery OH, consensus OH and delayed OH 
was 15, 12, 56 and 49%, respectively. In non-frail individuals, the prevalence of 
initial OH, recovery OH, consensus OH and delayed OH was 4, 0, 32 and 48% [6]. 
In a cross-sectional study of 693 older patients admitted to a geriatric evaluation and 
management unit multivariate logistic regression showed a significant association 
between OH and frailty, but the association attenuated after adjustment for physical 
function. Nevertheless, associations between OH and frailty remained significant 
among vulnerable subgroups such as women, subjects having weakness, slowness, 
poor cognitive function, polypharmacy or any Instrumental Activities of Daily 
Living limitation [7]. Several other studies have found similar findings [8–10].

There are several plausible pathways that may explain the observed association 
between OH and frailty. First, frailty is associated with impaired autonomic cardio-
vascular control and damage to the autonomic nervous system may result in OH [1, 
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11, 12]. Moreover, decreased baroreceptor sensitivity may be a contributing factor 
in older adults and baroreceptor responsiveness is likely to be deteriorated earlier in 
frail people [13]. Second, OH has been associated with poor peripheral motor nerve 
function in old age [14]. Slower gait speed as a part of frailty may be linked to 
impaired orthostatic response. Decreased calf blood flow may impair the upright 
ejective ability of the skeletal muscle to pump and further contributes to the overall 
reduced blood flow and orthostatic intolerance in these patients [15]. Moreover, a 
decrease in muscle mass resulting in frailty may lead to OH by increasing venous 
pooling. Third, the anti-muscarinic effect of atropinic drugs can cause significant 
OH [16, 17]. Consequently, the anti-muscarinic effect can be a shared mechanism 
for frailty and OH. Fourth, inflammation is a common mechanism in frailty. Frailty 
and pre-frailty are associated with higher inflammatory parameters [18]. In the lit-
erature, OH may be independently associated with systemic inflammation in non-
diabetic adults [19]. As a result, inflammation can be a shared mechanism to account 
for the relationship between frailty and OH.

Frailty status might be a risk factor for OH, and both OH and frailty may inter-
play and affect each other. Since frailty can exacerbate age-related physiological 
changes and is usually associated with other comorbidities and drugs, OH may 
occur in the early period by disrupting the compensatory responses to orthostatic 
changes. Therefore, changes in orthostatic blood pressure in the first minute may 
have higher clinical significance for frail older adults.

7.2  Dementia and Orthostatic Hypotension

Dementia may be defined as a set of symptoms that may include memory loss and 
difficulties with thinking, problem-solving or language [20]. Dementia occurs when 
the brain is damaged by diseases such as Alzheimer’s disease (AD) [21]. Moreover, 
mild cognitive impairment is considered the precursor of dementia. There is a grow-
ing body of literature to suggest that OH is associated with dementia. A 12-year 
follow-up study found that there was at least a 25% increase in risk between OH 
presence of 7425 participants aged 65 and over and dementia during follow-up [22]. 
In the Rotterdam study among 6204 participants (mean ± standard deviation [SD] 
age 68.5 ± 8.6 years) with a median follow-up of 15.3 years it was found that OH 
was associated with an increased risk of dementia, which was similar for AD and 
vascular dementia [23]. In another study of 495 older adults aged 76 ± 8 years of 
age, after adjusting for age, education level, systolic BP, diastolic BP, weight, and 
antihypertensive drugs, subjects with OH had a worse cognitive function than those 
without OH. Moreover, the study found that OH was present in 22% of participants 
with vascular dementia, 15% in those with AD, 12% in those with mild cognitive 
impairment and 4% in those without cognitive impairment or dementia [24]. Several 
other studies have also demonstrated that OH is associated with dementia and mild 
cognitive impairment [25, 26].
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There are several plausible pathways that may explain the relationship between 
OH and risk of mild cognitive impairment and dementia. First, the same cerebral 
areas involved in the neurodegenerative process leading to dementia syndromes are 
devoted to the autonomic control of the cardiovascular system, thus neurodegenera-
tion can be the cause of both cognitive impairment and OH [27]. Second, OH may 
result in cerebral hypoperfusion which plays a role in the development of cognitive 
impairment [25]. Autonomic nervous system function is responsible for maintain-
ing continuous cerebral perfusion, together with local vasoreactivity, which has pre-
viously been associated with the risk of dementia in the general population. Brief 
episodes of hypoperfusion elicited by sudden blood pressure drops may lead to 
hypoxia, with detrimental effects on brain tissue via, for instance, neuroinflamma-
tion and oxidative stress [23]. Finally, OH serves as a marker of other detrimental 
consequences of autonomic dysfunction, such as blood pressure variability, response 
to Valsalva manoeuvre, cardiovascular reflex and heart rate variability, and 30/15 
ratio. Several of these measures may be linked to dementia via hypoperfusion, but 
other pathways could be involved also. For example, decreased compliance of the 
arterial wall with hypertension may contribute to OH by reducing baroreceptor sen-
sitivity. Arterial stiffness and OH are both associated with increased burden of cere-
bral white matter lesions and vascular disease including stroke, which are risk 
factors for dementia [23].

Dementia with Lewy Bodies (DLB) is the second most common dementia, after 
Alzheimer’s disease (AD), with a clinical prevalence of 15–42% of all dementia 
cases [28] and previous studies have demonstrated that prevalence of OH has been 
reported in 42–69% of patients with DLB [29]. Therefore, due to the high preva-
lence, OH is considered one of the supporting clinical features of the disease, along 
with other symptoms of autonomic dysfunction, such as constipation and urinary 
incontinence [30]. Actually, autonomic dysfunctions are well known as part of all 
alpha- synucleinopathies, including Multiple System Atrophy (MSA), DLB, and 
Parkinson’s Disease (PD), due to the presence of Lewy bodies in brain regions such 
as Locus coeruleus [25]. However, despite the fact that OH, as a sign of autonomic 
dysfunction, might also help in differential diagnosis among dementia subtypes, it 
should be kept in mind that autonomic dysfunction is common in all forms of 
dementia [25, 31], and reported prevalence of OH is between 33% and 42% in 
patients with AD whereas it is between 13% and 14% in healthy controls [29, 32]. 
In AD, it has been reported that both generalized deficit in cholinergic function and 
the involvement of the subcortical structures, implicated in autonomic nervous sys-
tem regulation, may lead to autonomic dysfunction in the course of the disease. 
Indeed, a study by Isik et al. showed that the frequency of OH in patients with AD 
is similar to those with DLB [33].

OH causes several negative health consequences including cardiovascular events, 
falls, fractures, progression of dementia, and mortality in older adults [34]. 
Moreover, it can be considered as a marker or risk factor of clinical frailty. Therefore, 
clinicians should be aware of OH and its associated consequences in the treatment 
of dementia patients.
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7.3  Depression and Orthostatic Hypotension

Depression (major depressive disorder or clinical depression) is a common but seri-
ous mood disorder. It causes severe symptoms that affect how one feels, thinks, and 
handles daily activities, such as sleeping and eating [35]. There is a growing body 
of literature to suggest that there is a relationship between depression and 
OH. Indeed, OH has been shown to be highly prevalent (51.3%) in those with late- 
life depression [36]. Another study found similar findings [37]. However, it should 
be noted that in this study the prevalence of OH in those with depression varied 
depending on the measure used to determine OH. One study aimed to investigate 
the longitudinal association between baseline symptomatic OH (sOH) and incident 
depression in a sample of >3000 older people (mean age 62 years) without baseline 
depression. The study found that sOH predicts incident depression in a population- 
representative sample of older people and may, therefore, represent a potentially 
modifiable risk factor for late-life depression [38]. Another study revealed a signifi-
cantly greater systolic and diastolic blood pressure drop in antidepressant users than 
nonusers at 30 s after standing. The prevalence of OH among antidepressant users 
was 31% (63/206), compared with 17% in nonusers [39]. Other studies have also 
found a relationship between depression and OH [40, 41].

Several mechanisms may explain the relationship between OH and depression. 
Given the strong vascular basis of late life depression, as well as the structural brain 
changes associated with this, one would expect to find a close relationship with 
blood pressure control [41]. Indeed, patients with late-life depression have been 
shown to have higher rates of cerebrovascular disease, reflected by cerebral white 
matter disease, than patients with earlier onset depression [42]. Hypotension can be 
an end-point for several diverse disease processes in the older person, including 
congestive heart failure and lung disease. Rates of depression are also significantly 
higher in older people with more profound chronic medical illness. Therefore, it 
may be that both depression and OH are markers of poor physical health, which 
mediates the relationship between the two [41].

7.4  Sarcopenia and Orthostatic Hypotension

Sarcopenia, one of the geriatric syndromes, has attracted attention over the last three 
decades [43]. Although revised criteria for sarcopenia were published in 2019, the 
number of studies using these criteria is small. In a recent study, it was found that 
40% of the patients had no sarcopenia, whereas 11% had severe sarcopenia accord-
ing to new criteria [44]. The high prevalence of sarcopenia is remarkable in older 
adults because sarcopenia is known not only as a simple muscle disease but also to 
affect many organ systems, particularly the respiratory and cardiovascular system.

Not surprisingly, sarcopenia and the severity of is associated with the develop-
ment of OH, which can be explained by several mechanisms: First, sarcopenia can 
lead to a reduction in effective venous return, since venous pumps in the leg muscles 
pump blood from the lower extremity to the heart, which is important in maintaining 
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cardiac filling pressure [45]. To date there is no study investigating the relationship 
between sarcopenia and OH.  However, some studies indirectly support this. For 
example, Suzuki et al., using a sample of young adults, reported that there was a 
decrease in venous return and cardiac output following 20-day bed rest, due to the 
decrease in muscle mass and muscle strength, and that patients had deterioration in 
orthostatic tolerance capacity [46]. In another study, it was found that calf circumfer-
ence, which has a negative close correlation with appendicular skeletal muscle mass, 
could be used for OH screening in older adults [47]. Moreover, isometric contraction 
of the muscles under the waist, which plays a role in maintaining blood pressure 
when one stands-up by increasing venous return, is recommended for the prevention 
of OH [48]. This maneuver, which is well known for its effect on OH management, 
may indicate the importance of muscle mass and sarcopenia in the development of 
OH. Besides, in a study including 37 patients, sarcopenia was diagnosed by Skeletal 
Muscle Index (SMI); lower systolic blood pressure was more common in those with, 
rather than those without, sarcopenia. However, there was no correlation with OH, 
which may be owing to the low sample size of the study [49]. The results of these 
studies reporting that there may be a close relationship between sarcopenia and OH, 
suggest that it is a consequence in a reduction of skeletal muscle mass rather than 
muscle strength. Moreover, in older adults, OH may play a role in the reduction of 
muscle mass and sarcopenia by causing falls, balance and gait problems, and possi-
bly making patients less mobile [34]. However, further studies are needed to identify 
if longitudinal associations exist between sarcopenia and OH.

7.5  Malnutrition and Orthostatic Hypotension

Malnutrition, which is frequently seen in older adults, causes negative serious out-
comes. Prevalence of malnutrition is 5–10% in community-dwelling older adults, 
30–61% in hospitalized older patients and 12–85% in nursing homes [50]. 
Malnutrition, increases the risk of infection, sarcopenia, frailty, pressure injury, 
falls, fracture and mortality, causing a delay in immune response and wound healing 
[51]. Despite all these negative effects, malnutrition, a disorder that can often be 
overlooked, remains a significant and frequent public health problem [52]. 
Therefore, regular nutritional status screening should be recommended in older 
adults [52, 53]. However, the relationship between OH and malnutrition and/or the 
risk of malnutrition is unknown.

A recent study by Kocyigit et al. retrospectively evaluated 862 older patients and 
found that both malnutrition and malnutrition-risk might be related to systolic OH 
in older adults [50]. It was also found that malnutrition-risk may be predictive for 
OH. The results of this study may be explained through several hypotheses. First, 
the mechanism that may explain the relationship between malnutrition and systolic 
OH may be autonomic dysfunction [54]. According to a meta-analysis describing 
the causes of aging, anorexia was reported to be involved in the etiopathogenesis of 
autonomic dysfunction [54]. Autonomic neuropathy also may play a role in the 
aetiology of OH [55], as systolic OH may be associated with sympathetic failure 
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[56]. Second, it is known that systolic OH is caused by impaired peripheral vaso-
constriction [56]. Sarcopenia is a geriatric syndrome leading to loss of muscle mass. 
A working groups’ consensus proposed to define sarcopenia as a syndrome charac-
terized by age-related loss of muscle mass and loss of muscle function, including 
muscle mass and strength and/or physical performance [57]. In one study, parame-
ters of malnutrition were shown to be related with diagnostic measures of sarcope-
nia in geriatric outpatients and the association between parameters of malnutrition 
and diagnostic measures of sarcopenia was significant for both relative and absolute 
muscle mass [58]. Influence of nutrition-related reduction in muscle mass and mus-
cle tone in vascular muscle mass may also signify the association.

Interestingly, micronutrient deficiency can also lead to OH, and especially vita-
min D deficiency and vitamin B12 deficiency. However, the results of the studies on 
this subject are not compatible. In one study involving 546 elderly patients, Soysal 
et al. found that the frequency of OH in those with vitamin D deficiency was signifi-
cantly higher than those without vitamin D deficiency [59]. Vitamin D deficiency is 
thought to cause a decrease in baroreceptor sensitivity and increase arterial stiff-
ness, disrupting the regulation of the renin angiotensin aldosterone system and cre-
ating a trend for OH development [59]. However, in another study, this relationship 
could not be shown, while in another, the OH–Vitamin D deficiency relationship 
was found only in oldest women [60]. Finally, 12-month high-dose vitamin D 
replacement was found to be ineffective in treating OH [59]. In vitamin B12 defi-
ciency, as with diabetic neuropathy, OH may be observed due to myelination defect 
of autonomic nervous system involvement and postganglionic nerve fibres. 
Moreover, OH improvement has been shown after vitamin B12 replacement [61]. 
Taken together these findings support that nutritional factors can cause OH, thus 
patients with OH should be screened for malnutrition risk and malnutrition, and 
serum levels of micronutrients should be kept to an optimum level.

7.6  Falls/Fear of Falling and Orthostatic Hypotension

Fear of falling (FoF) and falling per se are two important health problems for older 
adults. Equivalent to the aetiology of OH, fall risk is a complex and multifactorial 
phenomenon and OH is one of the many risk factors to contribute to an increased 
fall rate and FoF in older adults [62].

Both OH and FoF/falls have many common adverse outcomes such as cognitive 
impairment, functional impairments, depression, and poor quality of life [62]. 
However, the number of studies investigating the relationship between these two 
health outcomes is limited, and the direction of the association is not known, that is 
whether FoF leads to OH or whether OH leads to FoF. Nevertheless, some possible 
mechanisms can explain this relationship. Depending on OH, problems with gait 
and balance in older adults can lead to decreased functionality, thus resulting in 
physical inactivity and consequently may contribute to the development of falls and 
FoF. OH causes sudden reduction in brain perfusion and oxygenation within a few 
minutes of postural change; this may result in symptoms such as dizziness, postural 
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lightheadedness, vertigo, and blurred vision in those with OH [63]. Moreover, OH 
causes impaired muscle microcirculation and pain in the neck, hip and calf muscles 
[64].Importantly, chronic brain pathology, such as brain atrophy, microbleeds, and 
white matter brain lesions are more common in those with OH; which might influ-
ence the perception of verticality, resulting in positive dizziness. Taken together, 
these potential mechanisms may explain how OH can cause falls and FoF.

FOF/falls has been identified as an independent risk factor for reduced quality of 
life, activity restriction, loss of independence, and a leading cause of injury, morbid-
ity, and mortality [65]. As a result, those who have FoF/recurrent falls, begin to limit 
their daily activities in order not to fall again, and consequently, there may be a 
decrease in muscle strength and balance abilities. The reduced muscle mass and 
muscle strength can lead to a reduction in effective venous return, since venous 
pumps in the leg muscles pump blood from the lower extremity to the heart, which 
is important in maintaining cardiac filling pressure [66]. For example, Suzuki et al., 
in young subjects, reported that there was a decrease in venous return and cardiac 
output following 20-day bed rest, due to the decrease in muscle mass and muscle 
strength, and that patients had deterioration in orthostatic tolerance capacity [46]. 
Accordingly, FoF and falls can be a risk factor for OH in older adults.

7.7  Orthostatic Hypotension and Comorbidities

Simply put a comorbidity is the presence of one or more additional conditions co- 
occurring with a primary condition. There is a growing body of literature to suggest 
the OH is associated with a higher risk of comorbidity.

Cardiovascular disease (CVD) is the name for the group of disorders of heart and 
blood vessels, and includes hypertension, coronary heart disease, cerebrovascular 
disease, peripheral vascular disease, heart failure, rheumatic heart disease, congeni-
tal heart disease, and cardiomyopathies. A relatively large body of literature sug-
gests that OH is associated with CVD. For example, in a systematic review of 28 
prospective studies nine prospective studies found an association between OH and 
cardiovascular events including coronary disease, heart failure, and arrhythmias 
[67]. However, insufficient data were available to enable a precise assessment of the 
association of OH with strokes [67]. In a more recent review including 15 prospec-
tive cohort studies, subjects with OH had a high risk of heart failure and atrial fibril-
lation. Moreover, significant associations were found between OH and risks of 
developing coronary heart disease and myocardial infarction [67].

Moreover, in a recent study examining the long-term association between OH 
and risk of stroke in a sample of 11,709 participants, it was found that over 
≈25 years, 842 had an ischemic stroke. Compared to persons without OH at base-
line, those with OH had a higher risk of ischemic stroke. The study concludes that 
OH assessed in midlife was independently associated with incident ischemic stroke 
[68]. It should be noted that cardiovascular and coronary events have been shown to 
be more closely linked with diastolic OH than systolic. Indeed, coronary circulation 
may be reduced in people with diastolic OH. The increased vascular inflammatory 
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process, peripheral artery disease, and higher dyslipidaemia, found in patients with 
OH compared to those without OH, likely contributes to higher risk of cardiovascu-
lar/coronary disease/events [67]. Moreover, the presence of OH has been shown to 
be associated with left ventricular myocardial hypertrophy and increased intima- 
media thickness [69].

7.8  Orthostatic Hypotension and Mortality

Interestingly, OH has been shown to be associated with mortality. A meta-analysis 
of seven prospective studies found that OH was associated with a significant 
increased risk for overall mortality [67]. Another study concluded that more pro-
nounced orthostatic blood pressure drop predicted higher mortality, and increased 
mortality in OH was associated with both systolic and diastolic disruption [70]. 
Perhaps the key driver between OH and mortality is cerebral hypoperfusion. A 
decrease in blood pressure and/or cardiac output results in cerebral hypoperfusion 
and cerebral hypoperfusion can cause a range of brain injuries [70].

OH represents a condition of impaired hemodynamic homeostasis, where com-
pensatory neuroendocrine mechanisms are intermittently activated. These mecha-
nisms may trigger the activation of other biologic effectors, e.g., platelets or the 
coagulation cascade, potentially promoting the occurrence of cardio- or cerebrovas-
cular events that can contribute to a higher mortality risk [19, 69]. Moreover, wide 
swings in blood pressure and supine hypertension associated with OH may provoke 
intermittent ischemic bouts and increased afterload, leading to permanent end-organ 
damage such as left ventricular hypertrophy and decreased renal function [63]. 
Baroreflex dysfunction, a marker of autonomic nervous system imbalance impli-
cated in the pathogenesis of OH is characterized by enhanced sympathetic activity 
and withdrawal of parasympathetic control and has long been recognized as an 
important mediator of increased cardiovascular morbidity and mortality.
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8Orthostatic Hypotension 
in Neurodegenerative Diseases

Neziha Erken and Ahmet Turan Isik

Orthostatic hypotension (OH) is a geriatric syndrome that affects daily life activities 
and impairs quality of life. As soon as the person stands up, it is the clinical reflec-
tion of hemostatic insufficiency that develops as a result of not being able to pump 
enough blood from peripheral tissue to the center due to the disruption of coordina-
tion of the cardiovascular structures, musculoskeletal system, endocrine and ner-
vous system [1]. After standing up with the effect of gravity, approximately 
500–1000 mL of blood are deposited in the lower extremitiesand splanchnic area; 
therefore, cardiac output and blood pressure (BP) decrease. Baroreceptors in the 
carotid sinus and aortic arch are stimulated. Through compensatory reflex, sympa-
thetic tone increases, while parasympathetic tone decreases. With vascular resis-
tance in the peripheral, 50% of the blood is sent back to the heart in 2 or 3 s, by 
which blood pressure drop is prevented. If the compensatory reflex system is dis-
rupted, OH appears [2, 3].

OH, also a common condition in the course of various neurodegenerative dis-
eases, is defined as neurogenic OH (nOH) when caused by neurodegenerative pro-
cesses. nOH is considered as one of the clinical outcomes of autonomic dysfunction 
caused by a neurodegenerative process [2]. As seen in Fig. 8.1, nOH may be due to 
peripheral causes or it may develop as a result of diseases affecting the central ner-
vous system (CNS) [3].

Besides the differences in its etiology, nOH also differs clinically (Table 8.1). 
Especially in neurodegenerative diseases that affect CNS, decrease in diastolic and 
systolic blood pressure can be profound and progressive enough to prevent a person 
from standing up. In addition, the profoundness of the drop in blood pressure and 
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which stage of the disease it has started, plays an important role in the recognition 
of the underlying disease.

Pathologies involved in the development of nOH concomitant neurodegenerative 
diseases [4–6]:

• Releasing decreased norepinephrine by post-ganglionic sympathetic neurons
• Locus cereleus, cerebral neocortex, brainstem degeneration taking part in auto-

nomic nervous system
• The pathology of insular cortex which is the equivalent of baroreceptors in the 

central nervous system

• Dementia of Lewy body 
• Parkinson disease 
• Pure autonomic athrophy (Bradbury-Eggleston syndrome) 
• Multi system atrophy (Olivopontocerebellar atrophy (OPCA), striatonigral degeneration and Shy-Drager syndrome)   

1) Primer autonomic degenerative disorders

• Diabetes mellitus
• Familial amyloid neuropathy
• Primer amyloidosis
• HSAN type III (familial dysautonomi)
• Idiopathic  immune- mediated neuropathy
• Sjogrens syndrome
• Paraneoplastic autonomic neuropathy

2) Peripheral autonomic disorders

• Alzheimers disease 
• Vitamin 12 deficiency
• Human deficiency virus
• Porfiria
• Neurotoxin

3) Others

Fig. 8.1 Etiology of neurogenic orthostatic hypotension [3]*

Table 8.1 Features of neurogenic and non-neurogenic orthostatic hypotension

Neurogenic Non-neurogenic
Frequency Rare Usual
Onset of disease Chronic Acute
Etiology Neurodegeneration Dehydration, anemia, etc.
Sympathetic 
Tonus

Decrease or none Increase

Level of plasma 
NE

Up to twofold increase from baseline or 
none

At least twofold increase from 
baseline

Tachycardia Mild or none Severe
Treatment Palliative treatment Triggering disease treatment
Prognosis Malign Benign

NE norepinephrine
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nOH accounts for less than 10% of all OH cases [7]. However, it should be well 
known because it is important for the diagnosis and management of various neuro-
degenerative diseases (Fig. 8.1). In the rest of the article, nOH etiologies will be 
mentioned, respectively.

8.1  Primer Autonomic Degenerative Disorders

Diseases affecting CNS include neurodegenerative diseases that result from the 
accumulation of abnormal protein structures in different parts of the brain, leading 
to autonomic dysfunction. Dementia of Lewy body (DLB), Parkinson disease (PD), 
multi system atrophy (MSA), and pure autonomic failure (PAF) are in this group 
[8]. They can each cause a different rate of autonomic dysfunction and nOH. For 
example, while in PD the rate of nOH is 20–50%, it can be seen as 30–70% in LBD, 
80% in MSA and 100% in PAF [9].

8.1.1  Synucleopathies

α-synuclein which is found in synaptic terminal ends and neuronal cytoplasm [10], 
is a highly conserved, unfolded protein of 140 amino acids with unknown physio-
logical function. Synucleinopathy takes its name from the intracytoplasmic located 
Lewy bodies (α-synuclein, ubiquitin and related enzymes), the proteins that cause 
abnormal phosphorous inflammatory response [8]. It is reflected in the clinic as a 
neurodegenerative process in which peripheral, autonomic, brainstem, basal ganglia 
and cortical neurons are affected. The causes of the accumulation of the determinant 
in neurons (PD, PAF) or glial cells (MSA) or autonomic (PAF) or striatonigral neu-
rons (PD, MSA) are unknown [11]. However, it appears with different clinical pre-
sentations that do not always have a clear distinction from each other, depending on 
the place of accumulation (Table  8.2). In PD and PAF, Lewy body deposits 

Table 8.2 Clinical findings of synucleinopathies

Motor and nonmotor dysfunction Autonomic dysfunction
PD Tremor, bradykinesia, rigidity, and postural 

instability, RSBD, dementia (in late stages)
Later in clinical course

DLB Tremor, bradykinesia, rigidity, postural 
instability, dementia, RSBD

Early in clinical course

PAF None Diagnose with progressive 
autonomic dysfunction

MSA MSA-p: tremor, bradykinesia, rigidity, and 
postural instability
MSA-c: gait ataxia with cerebellar 
dysarthria, stridor, limb ataxia oroculomotor 
dysfunction, dystonia, RSBD, dementia

Severe autonomic dysfunction 
develops early in clinical 
course

DLB dementia of Lewy body, MSA-c multi system atrophy with predominant cerebellum, MSA-p 
multi system atrophy with predominant Parkinsonism, PD Parkinson disease, PAF pure autonomic 
failure, RSBD rapid eye movement sleep behavior disorder
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accumulate in the neuronal pericardia and axons Lewy neurites [9]. In MSA, 
α-synuclein deposits show accumulationin oligodendrocytes [9]. Progression of the 
neurodegeneration is slow in other diseases except MSA, a rare but progressive 
disease [12].

8.1.1.1  Parkinson Disease (PD)
PD is a chronic, progressive disease that occurs as a result of degeneration of dopa-
minergic neurons in the brain and responds dramatically to dopaminergic therapy. 
Bradykinesia, resting tremor, rigidity and postural instability are observed in the 
clinic [13]. For this reason, patients generally apply to the clinic due to limitation- 
slowing of motor function. The disease is evaluated according to the clinical criteria 
determined by the Movement Disorder Society (MDS) [13]. In addition to move-
ment disorders, autonomic insufficiency usually occurs late in PD, but there is also 
a subgroup with clinically significant autonomic insufficiency at the beginning of 
the disease [14]. The presence of OH in PD leads to an increase especially in demen-
tia, fall, and postural instability and has a strong relationship with survival.

8.1.1.2  Dementia of Lewy Body (DLB)
DLB is the most common cause of neurodegenerative dementia after Alzheimer’s 
disease. In addition to the dementia, clinical fluctuation, recurrent visual hallucina-
tion, Parkinsonism, dysautonomia, sleep disorders, and neuroleptic sensitivity are 
observed. Impairment in attention, executive functions and visuospatial perception 
is prominent in early stage of the disease, while memory is generally affected laterin 
the course of disease [15]. In order to diagnose probable DLB according to core 
clinical criteria, in addition to dementia, there must be at least two of them: cogni-
tive fluctuation, visual hallucination, rapid eye movement sleep behavior disorder 
(RSBD), and Parkinsonism [15]. Parkinsonian symptoms, which can be seen in 
70–90% of LBD cases and occur after memory affection, include bradykinesia–aki-
nesia, rigidity, gait disturbance. Although there are studies showing otherwise, 
rigidity is generally bilaterally symmetrical and milder than PD [16]. Autonomic 
dysfunction in the course of the disease usually occurs after cognitive impairment, 
but it should be remembered that it can be observed without any significant signs of 
cognitive deficiency or parkinsonism [17]. Autonomic dysfunction can be reflected 
to the clinic as orthostatic hypotension and neuro-cardiovascular instability. In addi-
tion, it can lead to urinary incontinence—retention, impotence, constipation, and 
other gastrointestinal symptoms. Autonomic dysfunction caused by DLB is more 
serious than PD but expected to be milder than MSA [18].

8.1.1.3  Pure Autonomic Failure (PAF)
It is a neurodegenerative disease defined by Bradbury–Eggleston, with no motor 
deficits, progressing with isolated autonomic dysfunction, developing sporadically 
and progressively especially in the sixth decade, usually in men. nOH is a charac-
teristic finding of PAF; however, it may also include supine hypertension, genitouri-
nary dysfunction, constipation or intestinal pseudo obstruction, thermoregulatory 
dysfunction, anosmia, rapid eye movement sleep behavior disorder, neurologic 
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symptoms and many systemic involvements including anemia, proteinuria, left ven-
tricular hypertrophy (Table  8.3) [19]. Additionally, when supine hypertension is 
present (systolic BP greater than or equal to 140 mmHg or diastolic BP greater than 
or equal to 90 mmHg), it is more appropriate to define OH as a drop of 30 mmHg or 
greater in systolic BP [19, 20].

α-synuclein is a nonmotor synucleinopathy with positive peripheral autonomic 
neuronal degeneration, Lewy body-like inclusion bodies in sympathetic ganglion, 
and common α-synuclein deposits in autonomic neurons. As a result, there is nor-
epinephrine (NE) production and oscillation defect in the peripheral autonomic ner-
vous system [17]. It is important to demonstrate the presence of deep OH during 
diagnosis, unlike other synucleinopathies. In addition, nausea, sweating or increased 
temperature during OH are not seen in these patients. Temperature intolerance, 
sweating, constipation, dry mouth and urinary retention accompany the clinic pic-
ture, mostly due to diffuse autonomic insufficiency [21]. These cases with pure 
autonomic dysfunctions become bed-dependent due to OH in the future. The main 
cause of mortality is from complications associated with falling. PAF may show a 
slow progressive course for decades. However, nearly 35% of the patients with 
PAFhave been reported to meet the diagnostic criteria for a synucleinopathy, within 
4 years of follow-up [12].

8.1.1.4  Multi System Atrophy (MSA)
Multi System Atrophy is a sporadic disease first described in 1969, accompanied by 
various combinations of Parkinsonism, cerebellar, pyramidal, autonomic and uro-
logical dysfunction. It shows an incidence of 3/100,000 per year [22]. The age of 
diagnosis is usually fifth decade and is more common in men. The reason is 
unknown. However, degeneration of myelin in MSA is characteristic. It is thought 
that the abnormal α-synuclein protein accumulation in oligodendrocytes leads to 
glial and myelin dysfunction leading to neurodegeneration [23].

According to the results of a small study group confirmed by magnetic resonance 
imaging, it was observed that white matter hyperintense of MSA patients was more 
intense when compared with PD [24].

Table 8.3 Clinical features of pure autonomic failure

Neurologic Rigidity, hyperreflexia
Sleep Rapid eye movement sleep behavior disorder
Cardiovascular Hypertension, supine hypertension, left ventricular hypertrophy, orthostatic 

hypotension, postprandial hypotension, syncope
Gastrointestinal Constipation, obstipation
Extremities Venous pooling, acral color changes
Thermoregulation Anhidrosis, compensatory hyperhidrosis
Renal Renal failure, proteinuria
Hematologic Anemia
Genitourinary Urgency, nocturia, urinary retention, incontinence
Sexual Sexual dysfunction, impotence
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To be able to diagnose probable MSA, adult-onset, autonomic dysfunction 
should be progressive (impotence with nOH or urinary incontinence, which shows 
a decrease of more than ≥30  mmHg in systolic blood pressure or more than 
≥15 mmHg in diastolic blood pressure by standing up within 3 min.) and the l-dopa 
response to parkinsonism/cerebellar symptoms should be insufficient. In addition, 
hyperreflexia and Babinsky positivity can be accepted as a supportive finding for the 
diagnosis of MSA [25]. Under the MSA umbrella, there are three syndromes as a 
result of the predominant clinical features depending on the involvement of certain 
pathways in the brain [26];

• Striatonigral degeneration was redefined as MSA with predominant parkinson-
ism (MSA-p),

• Olivopontocerebellar atrophy (OPCA) was redefined MSA with predominant 
cerebellar ataxia (MSA-c)

• Autonomic failure predominates, the term Shy–Drager syndrome (SDS)

Since motor deficit is the most common in MSA-p patients, these patients are 
often diagnosed with PD. In 80% of these patients, motor deficits predominate and 
signs of Parkinsonism with progressive akinesia and postural tremor are at the fore-
front. In two-thirds of patients, tremor spreads to the elbows, but tremor is less com-
mon than PD [27]. In addition, camptocormia, anterocollis, postural instability and 
falls appear. Especially after the motor findings start, the frequency of falling 
increases within 3 years [28]. Although parkinsonian findings are in the foreground, 
complaints are progressive regardless of dopaminergic treatment [29]. MSA-c, gait 
and extremity ataxia due to cerebellar injury, dysarthria and ocular motor abnor-
malities (gaze-evoked nystagmus, impaired smooth pursuits with saccadic intru-
sion, and/or ocular dysmetria) are observed [30, 31]. However, it is usually 
orthostatic hypotension and associated falls that bring the patient to the doctor. In 
the later stages of MSA, cerebellar and parkinsonian deficits may merge. A severe 
cognitive impairment is not generally expected. Dysphagia and dystonia can be 
seen in both MSA types. According to a comprehensive study, sympathetic dysau-
tonomia is observed in 83% of urinary dysfunction and 75% [32].

Shy–Drager syndrome is also known as orthostatic hypotension syndrome or 
Shy–McGee–Drager syndrome. The main finding in the disease is dysautonomia 
symptoms. Orthostatic hypotension, bradycardia, lack of accommodation, sialopo-
ria, tear reduction, gastrointestinal dysmotility and urinary retention can be seen. In 
its pathology, α-synuclein accumulation, which leads to Nigrostriatal and Olivo- 
Ponto Cerebellar Atrophy, plays a role. Its diagnosis is difficult, and its prognosis is 
poor because it causes a wide variety of complaints [33].

Autonomic dysfunction, which occurs as a result of neurodegenerative process, 
affects the vascular system as well as many other systems. For example, as a result 
of dysfunction of the detrusor muscle, an increase in postvoiding residues may 
come to the clinic with urinary incontinence. In addition, libido loss and impotence 
are among the common clinical reflections such as incontinence. In the intestinal 
system, a decrease in motility may involve different clinical consequences, from 
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simple constipation to Ogilvie’s syndrome, a pseudoobstruction, or toxic megaco-
lon [34]. Addition to, postprandial hypotension and disruption in thermoregulation 
are the outcomes of autonomic dysfunction.

8.1.2  Drugs

Medications can also lead to an increase in the frequency of OH in the elderly. 
While antihypertensive agents rank first among these drugs, OH may also develop 
due to the drugs used in the treatment of common neurological and psychiatric dis-
eases in these cases. As a result of the pharmacokinetic and pharmacodynamics 
changes that occur with advancing age, the elimination of drugs may be delayed and 
an increase in bioavailability time may occur. Decrease in parietal cell count, slow-
ing of gastric pH increase, delay in gastrointestinal emptying, decrease in mucosal 
cell count in the intestinal system, decrease in mesenteric—hepatic-renal blood 
flow, and increase in fat mass due to decrease in total body fluid and changes in liver 
enzyme activity are the causes of age-related changes in drug pharmacokinetics [35, 
36]. Therefore, prescribed for the treatment of the neurodegenerative diseases, 
many drugs may aggravate the disease course by developing postural hypotension, 
thereof they should be used with caution.

These drugs are (Table 8.4) [37]:

• Antiparkinsonian agents (dopamine agonists)
• Antidepressants
• Antipsychotics

Dopamine agonists are agents used alone or in combination with a decarboxyl-
ase enzyme inhibitor to treat Parkinson’s disease. They cause arterial and venous 
dilatation as a result of myorelaxant effect on vascular muscle cells via dopamine 1 
(D1) receptors, and also lead to diuresis and natriuresis. On dopamine 2 (D2) recep-
tors, noradrenaline release from presynaptic nerve endings affects vascular resis-
tance. A decrease in blood pressure is observed by stimulating both receptors [38].

Conditions such as decreased first-pass elimination of the drug from the liver, 
decrease in the body distribution of the drug due to the decrease in lean muscle mass 
with advancing age, and prolongation of the drug to be destroyed in the liver due to 

Table 8.4 Drug-induced orthostatic hypotension [37]φ

Drugs Frequency Mechanism
Dopamine Agonists Levodopa Usual Vasodilatation (D1a 

Receptor Activity)
Anti- depressants Amitriptyline, duloxetine, 

nortriptyline, trazodone
Common Vasodilatation

Anti- psychotics Atypical type Common Vasodilatation
aD1 dopamine 1
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the decrease in the decarboxylase enzyme activity, increases the risk of drug-related 
side effects [39]. In addition, with the decline of receptor sensitivities with age, the 
effectiveness of drugs changes. Therefore, the effectiveness of narcotic and sedative 
drugs (such as antipsychotic, antidepressant) increases. At the same time, antide-
pressants and antipsychotics, which are generally lipophilic in nature and whose 
risk of side effects increase with changes in body distribution, also cause OH by 
causing peripheral alpha1 receptor blockage. In addition, nitrates used in the treat-
ment of supine hypertension and calcium channel blockers increase peripheral 
venous pondingas a result of vasodilation and decrease postural hypotension by 
decreasing cardiac output. Therefore, antihypertensive agents may cause lower 
blood pressure in the elderly than expected [20].

8.2  Peripheral Autonomic Disorders

Diseases involving the peripheral nervous system without neurodegeneration in the 
CNS can also cause nOH, of which diabetic neuropathy (diabetic autonomic neu-
ropathy–DAN) is the most common [40]. DAN can affect cardiovascular, urogeni-
tal, gastrointestinal, pupillomotor, thermoregulatory and sudomotor systems. 
Several diabetes-related syndromes cause autonomic dysfunction. The most com-
mon of these are: diabetic autonomic neuropathy, prediabetes-related autonomic 
neuropathy, treatment-related painand autonomic neuropathy, and autonomic neu-
ropathy associated with transient hypoglycemia [40]. Especially in hyperglycemic 
patients, the neuropathy is among the microvascular complications of diabetes. 
After orthostasis developing secondary to DAN, diurnal variation of blood pressure 
disappears, and the frequency of supine hypertension and postprandial hypotension 
can be observed at night [41].

Familial Amyloid Neuropathy, also known as Transthyretin Familial Amyloid 
Polyneuropathy (TTR-FAP), is an adult-onset severe hereditary neuropathy found 
in endemic regions. Sensorimotor can bring about various clinical symptoms 
according to autonomic dysfunction and organ involvement (heart, eyes, kidney, 
etc.) [42]. Primary Amyloidosis, on the other hand, results from the conversion of 
soluble immunoglobulin light chains into highly organized amyloid fibrillary aggre-
gates that can lead to organ dysfunction. It progresses with progressive and irrevers-
ible damage [43]. Hereditary sensory and autonomic neuropathy (HSAN Type III or 
Familial Dysautonomia) is a rare neurological disorder caused by its mutation in the 
inhibitor of kappa light polypeptide gene enhancer in B cells, kinase complex- 
associated protein (IKBKAP) gene. The mutation causes a tissue-specific deficiency 
in IκB kinase complex-associated protein (IKAP), a protein that plays a role in the 
development and survival of neurons. Patients who are homozygous are often born 
with multiple lesions affecting the afferent fibers, leading to widespread organ dys-
function and increased mortality. The neurodegenerative features of the disease 
include progressive optic atrophy and gait—ataxia [44]. Neuropathy (sensory gan-
glionopathy, painful small fiber neuropathy), and transverse myelitis (independently 
or related neuromyelitis optica) occurs in approximately 20% of Sjogren’s syn-
drome, also known as dryness syndrome [45].

N. Erken and A. T. Isik



81

Paraneoplastic autonomic neuropathy is nerve involvement developing in the 
course of cancer and associated with the disease. Motor and autonomic nervous 
system effects due to peripheral neuropathy are frequently seen in the clinic. With 
CD8-positive cytotoxic T cells, dorsal root ganglia damage due to lymphocytic 
infiltration can develop secondary to various antibodies, including Anti-Hu, anti-
 CV2/CRMP-5, and anti-ganglionic acetylcholine receptor antibodies [46]. Apart 
from these, there is an idiopathic immune-mediated neuropathy group with a rate of 
20–30% [47].

8.3  Others

Besides synucleinopathies, the frequency of OH is also high in Alzheimer’s demen-
tia (AD) and vascular dementia (VaD), which is also known as the most common 
cause of neurodegenerative dementia. In a study with 13% OH in elderly individu-
als, it was shown that VaD was 34%, 34% in AD, 49% in PD, and 52% in LBD [48]. 
Moreover, in AD, deterioration of the basal cortisol level in body fluids (plasma, 
urine, cerebrospinal fluid) due to disruption of the hypothalamic-pituitary axis, and 
cerebral blood flow disruption in the cortical perivascular cholinergic terminals may 
play a role [6, 49]. Furthermore, subtotal luminal occlusion occurs after hyaline 
fibrosis in the muscular layer around the structures, which are seen in the course of 
VaD and have an important role in the supply of cerebral blood flow. After parasym-
pathetic innervation ischemia, acetylcholine (ACh) responses quickly, and after 
synaptic stimulation it is expected to develop arterial relaxation with the release of 
vasodilator agents. However, a significant decrease in ACh level can be seen in 
advanced period, and besides this, neurogenic OH may accompany the clinicafter 
the development of ischemia in the cortex areas that regulate cardiovascular regula-
tion [50]. It is known that vitamin deficiencies, especially vitamin B12 and folic 
acid deficiency, may result in nOH by causing peripheral neuropathy [51]. Apart 
from these, there are peripheral neuropathies developing after toxic (chemothera-
peutic agents, alcohol consumption and heavy metals and other environmental or 
biological toxins), infectious (Lyme disease, HIV, leprosy, hepatitis) [52].

8.4  Treatment of Neurogenic Orthostatic Hypotension

In the treatment of nOH, the goal is not to normalize the blood pressure when stand-
ing up, but to protect the patient from the mortality and morbidity caused by low 
blood pressure and increase the quality of life. Treatment consists of three steps 
(Fig. 8.2) [53]:

• Reduction of aggressive factors
• Non-pharmacological measures
• Pharmacological measures
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With advanced age, the frequency of comorbid diseases and polypharmacy is 
observed. In particular, diuretics, alpha blockers, calcium channel blockers, beta 
blockers, nitrates, tricyclic antidepressants may cause OH or deepen the existing 
clinic through various mechanisms such as decreased vascular volume, decreased 
norepinephrine (NE) release in neurovascular junction, vasodilation [53].

In fact, it should be remembered that l-dopa and dopamine agonists used in 
motor deficit therapy increase OH. Other aggregating and correctable factors are 
malnutrition, vitamin B12, vitamin D deficiencies, and anemia. Malnutrition is 
known to cause sarcopenia, fragility, falling, and an increased risk of infection. 
Even if the relationship between micronutrient insufficiency and OH is not clearly 
demonstrated, studies reveal the relationship between systolic blood pressure 
change and malnutrition and/or malnutrition risk [54]. Vitamin D deficiency is 
known to lead to orthostatic hypotension with decreased renin-angiotensin aldoste-
rone system response, endothelial dysfunction and consequently vasopressor 
response [55, 56]. In case of vitamin B12 deficiency, vascular resistance is deterio-
rated as a result of sympathetic system dysfunction as a result of myelinization 
defect developed in sympathetic post-ganglionic neurons and development of OH 
becomes easier [57]. With an increase in age and comorbid diseases, absorption 
defect, poor bone marrow function, erythropoietin failure, as well as intermittent 
acute or chronic hemorrhage, and anemia are other common correctable problems. 
Anemia causes a decrease in blood viscosity and oxygen carrying capacity. The 
reduction of hemoglobin, which also carries nitric oxide (NO), causes an increase in 
the amount of NO released, leading to a decrease in vasodilation and vascular resis-
tance. In addition, although the underlying mechanism is not clear, it is known that 
patients have an increase in tolerance to orthostatic symptoms with the use of eryth-
ropoietin in the treatment of nOH developing secondary to PAF and MSA [58].

Non-pharmacological methods and patient’s education set the cornerstones of 
OH management. Generally, chronic dehydration is seen in older age. 
Antihypertensive agents, decreased fluid intake, intervening infections, and caf-
feine, alcohol and carbohydrate-loaded foods with diuretic effects are factors that 
precipitate OH [59]. Daily 2–2.5 L fluid intake and an average of 1.5 teaspoons of 
salt consumption are important. Patients with insufficient salt consumption can use 
0.5–1  g salt tablets. Consumption of 500  mL of liquid, which is drunk quickly 
before getting up in the morning, can raise blood pressure in 5–10 min. However, its 
effect is maximum 30 min. Sudden movements should be avoided to prevent posi-
tional falls. In addition, it is important to prevent constipation caused by autonomic 

Correctable
causes

Non-pharmachological
interventions

Diet,
Hydration,
Bandage,

High waist stocking;

Pharmachological
interventions

(fludrocortisone,
midodrine,

pyridostigmine etc)

Combination
treatments

Fig. 8.2 Management of neurogenic orthostatic hypotension
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dysfunction and to avoid Valsalva maneuver which reduces intraabdominal pressure 
of patients [60]. The temperature of the patient’s environment is also important. 
Especially environments with vasodilator effect such as hot shower and sauna 
should be avoided. Continuity of the prone position is known to impair the blood 
pressure reflex. However, physical exercises should be done on the back or sitting. 
It should be remembered that patients with nOH may not tolerate standing exer-
cises. Intra-pool exercises that protect peripheral pressure are ideal exercises, but 
suddenly leaving the water leads to a sudden decrease in outdoor pressure [61]. It 
should be remembered that the risk of falling is high in these cases. With eating, 
splanchnic circulation increases and vasoconstriction develops with the sympathetic 
system response. However, in patients with autonomic dysfunction, postprandial 
hypotension is observed, especially within 2 h, due to insufficient reflex response 
[62]. Preventing venous ponding in the splanchnic area is important in the treatment 
of OH. Therefore, high waist stocking, including the abdomen and upper leg, sup-
port vascular reflex by providing 15–20 mmHg pressure. Isolated abdominal ban-
dages that provide 40 mmHg pressure increase only in the splanchnic area are also 
among the alternative measures [63].

An important issue to keep in mind about pharmacologic treatment of nOH is 
supine hypertension (SH), which is common in patients with nOH and may be 
worsen by drugs used to normalize standing blood pressure. SH is defined as the 
systolic blood pressure measured in the supine position above 150 mmHg or dia-
stolic blood pressure above 90  mmHg [64]. Therefore, non-pharmacological 
approaches should be applied first. It is recommended to use pressure bandages 
throughout the day, to avoid the supine position during the day, to keep the bed head 
30°, to consume carbohydrate-rich foods before bedtime and to restrict fluid 1 h 
before bedtime [65]. In supine hypertension, pharmacological treatment should not 
be used unless systolic blood pressure is 160–180 mmHg or diastolic 110 mmHg 
and short-acting agents should be preferred [66].

Angiotensin-converting enzyme (ACE) inhibitors can be used in accordance 
with the pathophysiology. Short-acting ACEinhibitor (captopril), angiotensin recep-
tor blockers (losartan), calcium channel blockers (nifedipine), hydralazine, minoxi-
dil, glyceryl trinitrate (GTN) patches (must be removed 1 h before getting up) and 
clonidine are generally recommended in treatment [64–69]. Medical agents should 
be used with caution in supine hypertension. Some agents may be used in cases 
where non-pharmacological methods do not work in orthostatic hypotension. In the 
treatment of nOH, midodrine (α adrenergic agonist), and droxidopa (norepinephrine 
precursor) have FDA approval [70].

Synthetic mineralocorticoid, which reduces volume depletion at the beginning of 
medical treatment, fludrocortisone can be used, but it should not be forgotten that it 
causes side effects and SH in the long term. The initial dose is 0.1 mg/day taken in 
the morning. It is not recommended to use more than 0.2 mg/day due to increased 
side effects. It is not used for more than a week or two. The most common side 
effects in the short term are hypokalemia, lower extremities edema, and SH. In the 
long term, end organ damage due to fibrosis is observed. The prodrug midodrine is 
the first recommended drug by the FDA to treat nOH. As a result of its activation, it 
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changes into desglymidodrine and shows peripheral selective alpha-1 adrenergic 
agonistic effect, leading to increased peripheral venous and arterial pressure [70]. It 
leads to increased systolic and diastolic blood pressure regardless of position. It 
rapidly undergoes gastrointestinal absorption and reaches peak plasma concentra-
tion in 20–40 min. Plasma half-life is 30 min. Its daily dose is between 2.5 and 
10 mg, and the maximum dose is 40 mg/day [71]. It is not recommended to use 
4–5 h before bedtime due to the pronounced SH side effect, as well as in severe 
heart failure, uncontrolled hypertension or urinary retention. Pilomotor reaction, 
itching, supine hypertension, gastrointestinal side effects and urinary retention are 
common side effects. In addition, anxiety, temperature intolerance and tachycardia 
may occur with sympathetic discharge [70, 71].

Droxidopa, another FDA approved synthetic amino acid, is a hydroxyl group 
added to levodopa and acts as a decarboxylated norepinephrine [72]. Although there 
is a lower risk of SH compared to midodrine, it is recommended to be used 4–5 h 
before bedtime. The initial dose is 100 mg/day, and it can be titrated up to a maxi-
mum of 600  mg/day. Additionally, erythropoietin, caffeine, pyridostigmine, and 
nonsteroidal anti-inflammatory can be used in persistent symptoms. However, it 
should not be forgotten that their effectiveness is limited [72].

The diagnosis and treatment of nOH, which is only one of the consequences of 
autonomic insufficiency caused by neurodegeneration, has an important role in dis-
ease management. With the sudden blood pressure imbalances that may occur due 
to the position and the decrease of cerebral perfusion, the fall may trigger the risk of 
immobility, intracerebral events or fractures. Adding new morbidities to this group 
of diseases, which already have a high burden of disease and cannot have curative 
treatment, causes the target quality of life to decrease. First of all, education of the 
patients and their relatives is the main target. It should not be forgotten that pharma-
cological agents have a place in the treatment, if necessary, after non- pharmacological 
methods.
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9Orthostatic Hypotension 
and Complications

Nicola Veronese and Jacopo Demurtas

9.1  Introduction

Orthostatic hypotension (OH) is often defined as a sudden drop of at least 20 mmHg 
in systolic blood pressure (SBP) and/or 10 mmHg in diastolic BP (DBP) upon the 
change in position (from sitting to standing) [1]. This definition is widely accepted 
across the world [1].

The prevalence of OH exponentially increases with age and is estimated to be 
about 10–30% in older adults [2].

A question of utmost importance is that OH should be early detected in older 
people, and, in this chapter, we will try to report the most important consequences 
and complications associated with OH, reassumed in Fig. 9.1.

9.2  Association Between Orthostatic Hypotension 
and Syncope and Falls

The possible association between OH and falls is of great interest in geriatric medi-
cine. Falls are common and associated with several negative outcomes in older 
populations, such as fractures and disability [3]. In this sense, it is estimated that 
about one-third of older people fall every year [4], but falls are usually underre-
ported [5].
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The association between OH and falls, from an epidemiological perspective, is 
really complex and still debated. For example, a large meta-analysis published in 
2017 and using individual participant data found an increased risk of incident falls 
in people having OH at the baseline, even if the authors themselves reported some 
methodological discrepancies [6]. In this sense, other studies failed to find a signifi-
cant association between OH and risk of falls [7]. In one recent umbrella review 
regarding the consequences of OH made by our team, we found a significant asso-
ciation between OH and falls, but only of grade III (suggestive) that in practical way 
means that this association is less significant than expected [8]. Briefly, there are 
several possible mechanism explaining the possible association between OH and 
falls. First, OH may cause an acute drop in cerebral oxygenation finally resulting in 
an impaired cerebral autoregulation, dizziness, and falls [9]. Second, OH might 
cause brain atrophy, microbleeds, and white matter brain lesions that are strongly 
associated with falls in epidemiological studies [10]. One interesting study found 
that OH might also cause falls impairing muscle microcirculation, with a transitory 
muscle ischemia [11].

Syncope due to OH, often called orthostatic syncope, is another possible compli-
cation of OH [12]. After excluding the most dangerous and important causes of 
syncope, we believe that the history and physical examination are essential compo-
nents in the evaluation of a patient with orthostatic syncope. It is extremely common 
to find hypovolemia due to dehydration (e.g., vomiting, diarrhea, fever, or decreased 
oral intake). Another common risk factor for orthostatic syncope is to stay in stand 
position after a long period of bedridden, such as hospitalization. Finally, the review 
of the patients’ medication list may often report polypharmacy with a not 
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Fig. 9.1 Possible complications of orthostatic hypotension
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appropriate use of diuretics, vasodilators, or, less commonly, other antihyperten-
sives, thus requiring withdrawal or dosage correction [13].

9.3  Association Between Orthostatic Hypotension 
and Cardiovascular Disease

The possible association between OH and cardiovascular disease (CVD) is another 
topic of great interest since CVDs are the most common causes of death in Western 
countries. Several epidemiological studies have tried to explore the association 
between OH and CVD, total and specific.

One of the first studies to explore the possible association between OH and coro-
nary heart disease (CHD) was the study of Rose et al. in 2000 [14]. This study found 
that in people with OH at the baseline, over 6 years of follow-up, experienced a 
significant higher risk of CHD than those without this condition of about 85% [14]. 
In a most recent meta-analysis [15] published in 2016 regarding this topic, the 
authors found that, over 158,446 participants initially included, OH was associated 
with a significant risk of about 32% of having CHD during follow-up period. A 
similar evidence, also in terms of strength, is present for heart failure (HF). In this 
sense, another meta-analysis found that the presence of OH was associated a higher 
risk of incident HF in four different cohort studies and in 51,270 participants [16]. 
Again, the estimated risk was of 30%. Of importance, Xin et al. in their analysis 
[16] reported that a significant association between OH and HF is particularly strong 
in middle-age subjects and those with hypertension and diabetes mellitus at baseline 
[16]. These results highlight the role of OH for incident HF in both the low-risk 
population and the high-risk population, having known HF risk factors such as dia-
betes and hypertension. Finally, some research should be done regarding OH and 
stroke. In a seminal paper, published 20 years ago, the authors report in more than 
11,000 participants that OH was associated with a doubled risk of having (ischemic) 
stroke during follow-up [17]. Most recent works, similarly for the association 
between OH and HF, have confirmed this association from an epidemiological point 
of view, but reducing the strength between OH and stroke [15]. However, it should 
be also reported that OH often appears after a stroke event and OH may complicate 
the rehabilitation process in these patients [18].

Several hypotheses are useful in trying to explain the association between OH 
and increased CVD risk. Firstly, patients with OH seem to have increased BP vari-
ability related to standing. As a consequence, a large proportion of thoracic blood 
volume may be placed to lower limbs due to gravity during orthostatism [19]. 
Therefore, both transitory heart and brain ischemia are supposed to occur as a result 
of OH [19]. In this sense, acute changes of hemodynamic and organ perfusion status 
might further trigger a CHD or stroke event. Second, it has been recently reported 
that OH is often associated with markers of subclinical CVD, such as higher arterial 
stiffness [20] and activated systematic inflammation [21], which have both been 
strongly involved in the pathogenesis of atherosclerosis, finally leading to CVD 
[21, 22].
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9.4  Association Between Orthostatic Hypotension 
and Neurological Conditions

OH is a common complication of several neurological diseases, from multiple scle-
rosis [23] to amyotrophic lateral sclerosis [24]. However, if OH can be considered a 
risk factor for neurological conditions is still poorly known, except in the case of 
stroke (discussed before) and dementia. The typical example is Parkinson’s disease 
(PD). Non-motor aspects of PD are now thought to be relevant. Among them, abnor-
malities in blood pressure regulation are very common. As much as 40% of PD 
patients, in fact, report OH, which is a range of conditions, from lightheadedness to 
falls with serious trauma [25].

Overall, suggestive evidence was found for an association between OH and 
dementia [8], even if the association was not confirmed taking vascular dementia or 
Alzheimer’s disease as singular entities. The most frequently proposed pathway 
associating OH to a higher risk of dementia is the recurrent transient brain hypoper-
fusion hypothesis. Previous literature has in fact reported that cerebral blood flow is 
decreased in OH [26]. Moreover, decreased brain perfusion during OH was shown 
by the method of single-photon emission computed tomography [27]. Cerebral 
hypoperfusion may lead to leukoaraiosis that is underlying neurodegeneration pro-
cess in dementia [28]. Literature however reports that OH may be detrimental only 
if compensatory mechanisms are poorly adequate. When cerebral autoregulation is 
impaired, it poorly reacts for compensating for a drop in cerebral perfusion pressure 
and fails in maintaining sufficient cerebral blood flow which ultimately might cause 
ischemic cerebral damage [29]. However, one study reported that no significant 
association was found between OH and cognitive impairment related with leukoara-
iosis, subtle brain microstructural damage, or cerebral blood flow [30]. Finally, it 
should be recognized that both OH and cognitive function are complicated and 
affected by multiple factors, practically being multifactorial conditions. Some med-
ical conditions (such as diabetes, alpha-synucleinopathies, and sarcoidosis) are 
common causes for autonomic neuropathy, and OH is highly prevalent among these 
diseases [31, 32].

9.5  Association Between Orthostatic Hypotension 
and Mortality

OH may increase the mortality through the increase of the medical conditions 
reported before.

From an epidemiological perspective, OH is associated with an increased risk of 
death, even if this association seems to be mainly driven by concomitant factors [33].

OH often is a condition of impaired hemodynamic homeostasis, in which com-
pensatory neuroendocrine mechanisms are sometimes activated. These mechanisms 
might increase the trigger of the activation of other biologic effectors, such as plate-
lets or the coagulation cascade. This can further promote the occurrence of cardio/
cerebrovascular episodes that can contribute to a higher mortality risk [8].
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Moreover, wide swings in blood pressure and supine hypertension associated 
with OH may provoke intermittent ischemic bouts and increased afterload, finally 
promoting a permanent end-organ damage, such as left ventricular hypertrophy and 
decreased renal function [33, 34]. Finally, baroreflex dysfunction, a marker of auto-
nomic nervous system imbalance implicated in the pathogenesis of OH, is mainly 
characterized by enhanced sympathetic activity and withdrawal of parasympathetic 
control. This seems to be an important mediator of increased cardiovascular mor-
bidity and mortality [35–37].

9.6  Conclusions

OH is associated with several negative outcomes in older people, including cardio-
vascular, neurological, and finally higher risk of mortality. These findings stress the 
importance to assess OH in our daily clinical practice for early finding people that 
can be managed for improving this condition.
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10Nursing Perspective for Older Patient 
with Orthostatic Hypotension
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Orthostatic hypotension (OH) is a common problem among elderly patients, associ-
ated with significant morbidity and mortality. The reported prevalence of OH in 
community-dwelling older people was 22.2%. It was over and even higher among 
hospitalized older patients [1–3]. OH has been reported to be associated with poor 
clinical outcomes in older adults like frailty, cardiovascular mortality, cognitive 
declines, impaired standing balance, increased falls, and impaired of activities of 
daily living performance [4–7].

OH is not a disease but a sign. It may be symptomatic or asymptomatic. The 
common symptoms of OH include lightheadedness, dizziness, visual blurring, pal-
pitations, fatigue, “coat-hanger” pain (neck pain and headache localized in the sub-
occipital, posterior cervical, and shoulder region), angina pectoris, presyncope, and 
syncope; these symptoms can severely impact patients’ activities of daily living and 
increase the likelihood of potentially dangerous falls. Prolonged bed rest and many 
factors trigger orthostatic hypotension in hospitalized patients. Knowing the caus-
ative agents in OH is one of the issues that the nurse should know and pay attention 
to when planning care for patients at risk [8–10]. Because of their patient contact, 
nurses can play a key role in identifying and evaluating patients at risk for OH [11].

Asymptomatic patients do not usually require treatment. However, OH should be 
evaluated carefully, even with minor complaints, even if asymptomatic. OH may be 
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the first sign of a serious illness. Due to the presence of multiple comorbid condi-
tions and nonspecific signs and symptoms, treatment of orthostatic hypotension in 
the elderly is often challenging. Instead of aiming to achieve arbitrary blood pres-
sure goals, the treatment of orthostatic hypotension should be directed toward ame-
liorating symptoms, correcting any underlying cause, improving the patient’s 
functional status, and reducing the risk of complications [8, 12].

Reviews and guidelines for management of OH recommend starting with non- 
pharmacologic strategies before progressing to pharmacologic strategies if the for-
mer prove insufficient. Given that pharmacologic therapies for OH can cause 
significant cardiovascular side effects, including supine hypertension and ventricu-
lar hypertrophy, it is imperative to establish which non-pharmacologic strategies 
can be recommended to patients for safe and effective management of OH [13, 14].

According to a systematic review evaluating the level of evidence of non- 
pharmacological interventions for management of OH, there were eight identified 
non-pharmacologic interventions for management of orthostatic hypotension under 
two general categories: physical modalities (exercise, functional electrical stimula-
tion, compression, physical countermaneuvers, compression with physical counter-
maneuvers, sleeping with head up) and dietary measures (water intake, meals). 
Strong levels of evidence were found for four of the eight interventions: functional 
electrical stimulation in spinal cord injury, compression of the legs and/or abdomen, 
physical countermaneuvers in various patient populations, and eating smaller and 
more frequent meals in chronic autonomic failure. However, it was stated that these 
results are based on a limited number of studies with small sample size [14].

Treatment for OH in the acute setting starts with addressing the reversible causes 
of OH. The next step is non-pharmacological interventions, with an emphasis on 
patient education regarding associated symptoms (presyncope, syncope, and falls) 
and lifestyle modifications. Patients should be educated on non-pharmacological 
interventions such as: the importance of hydration, dietary changes, daily physical 
activity, slow rising, raising the head of the bed during sleeping, leg crossing while 
standing, the use of compression garments on the abdomen or lower extremities, 
and physical countermaneuvers that can help manage their symptoms of OH [10, 
14, 15].

The aim of nursing care in OH is to determine the risk factors for the elderly and 
to plan and implement interventions to prevent the possible negative effects and 
improve the patient’s condition. Elderly individuals who are hospitalized and who 
are in long-term bed rest and who have risk factors that lead to development of OH 
should be carefully evaluated in hospitals or care institutions. Educations should be 
planned and implemented in order to carefully evaluate the elderly individuals with 
OH risk or signs and to make activity plans accordingly. Elderly individuals hospi-
talized with a diagnosis of OH or staying in a nursing home should be provided with 
safety precautions to prevent falls. Patient education is crucial in this issue. The 
patient and formal/informal caregivers should be informed about the causes and 
management of OH causes. The education plan of the patient should be planned 
together with the physician, nurse, and physiotherapist. The use of aids to move, 
muscle stretching exercises, leg position, elevation of the toes, elevation of the legs, 
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tilt training should be done together with the physiotherapist. In addition to the 
proposed pharmacologic strategies, the education on non-pharmacologic strategies 
are within the responsibility of the nurse [8, 16, 17]. The non-pharmacological 
interventions about patient education are given in Table 10.1.

The nursing care interventions that are specific to OH and the training education 
topics to be given to elderly individuals are given below.

10.1  Evaluate Blood Pressure

It is important to evaluate blood pressure with the right time and method. Orthostatic 
hypotension can occur at any time of day. However, it is more likely to occur before 
breakfast in the morning than in the afternoon. Therefore, morning evaluation of 
orthostatic hypotension is more appropriate [8, 16, 18, 19]. Large differences in the 
measurement technique may affect the treatment and reporting prevalence of ortho-
static hypotension. Accurate blood pressure measurement is also important for 
assessing falls and cardiovascular risk. Blood pressure measurements made by 
nurses play an important role in the diagnosis. Therefore, these measurements must 
be performed correctly [19, 20]. Additionally, as OH may present differently 
depending on time of day, meals, hydration, and activity level, the consensus panel 
suggests that patients should also monitor BP and HR at home to create a 1-week 
BP/HR diary. Patients, their caregivers, or a nurse should measure 

Table 10.1 Non-pharmacologic interventions for the management of OH [11]

Concomitant medications
•  Avoid or carefully manage medications (e.g., a-blockers, diuretics) that can cause or worsen 

symptoms of OH.
Compression garments
• Wear abdominal binders when out of bed.
•  Knee-high garments are not sufficient but must be at least thigh-high to be effective 

(compression: 23–32 mmHg).
Dietary changes
•  Adequate hydration: eight glasses of water daily, plus two additional 8 oz (236–250 mL) 

glasses before prolonged standing.
• Increased salt intake: up to two additional teaspoons daily.
• Avoid carbohydrate-rich meals and alcohol.
“Head-up” rest/sleep position
• Expert clinical opinion: elevate head of the bed 6–9 in. to reduce risk of supine hypertension.
• Avoid fast movements, sudden standing up or standing still for long periods of time.
• Keep your feet in a crossed position while standing.
Low-impact exercise to improve physical conditioning
• Recumbent stationary bike, rowing machine, aquatic exercise.
• Avoid exercises that
  – Increase orthostatic stress (e.g., treadmill)
  – Increase risk of overheating or occurring in hot environments
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supine-to-standing BP (or seated-to-standing BP) upon waking (before taking med-
ications), when symptoms occur, and at bedtime [11, 21].

10.2  Education

The aim of intervention in OH is to educate the individual about the risks of 
OH. Education should be provided, especially if the factors causing orthostatic 
hypotension can be altered or corrected. Educating the patient and family about the 
causes, consequences, and symptoms of orthostatic hypotension is very important. 
Individualized therapy is the key to managing orthostatic hypotension. Collaboration 
of the patient is necessary for a therapeutic approach. Maintaining communication 
and compliance is particularly important in individuals with chronic orthostatic 
hypotension [8, 16, 19, 22].

10.3  Activity/Exercise

Patients should change their position slowly and avoid lie still. It is important to 
teach patients to gradually change their posture (especially after long-term bed rest). 
For supine patients, do abdominal and leg muscle strengthening exercises before 
sitting (crossing the legs several times) and sitting on the side of the bed for a few 
minutes before getting up, increase cardiac output, and facilitate the return of blood 
to the heart [8, 18, 23–25]. Exercises such as crunching legs by stretching leg, hip 
and calf muscles, suppressing splenic vessels by reducing abdominal pressure, and 
squatting to reduce venous insufficiency have been reported to be effective in tem-
porarily reducing orthostatic hypotension [13]. Blood pressure and pulse should be 
measured before the patient can stand up, then the measurements (both measure-
ments) should be repeated with the feet hanging down the edge of the bed while 
sitting on the bed. The patient should be kept in this position for 1–3 min, and blood 
pressure and pulse should be reevaluated at the end of this period. Symptoms in the 
patient should also be observed [22, 25].

The time spent sitting down during the day should be increased for long-term bed 
rest patients. The head of the bed should be raised 10–20° while the patient is asleep. 
Reclining in this position increases the blood pressure by activating the renin- 
angiotensin- aldosterone system, providing aldosterone excretion, sodium and water 
retention [13, 15, 21–23, 25, 26]. Do not stand still for a long time. The venous 
pressure in the ankle is 85–90 mmHg when the effect of gravity is fully revealed 
when standing still. The pooling of blood in the leg veins reduces venous return, and 
as a result, cardiac output sometimes falls to the level of fainting. However, the 
rhythmic contraction of the leg muscles while the person is standing reduces the 
venous pressure in the legs to less than 30 mmHg by pushing the blood towards the 
heart [27]. Strenuous exercises should be avoided and arms should not be worked 
on the shoulders [22].
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Early mobilization and avoidance of physical deconditioning in the acute care 
setting has a cardinal role in treating and preventing OH in hospitalized older 
patients. For patients who have been restricted to the bed, physical countermaneu-
vers, such as changing body position, squatting or leaning forward as opposed to 
sitting, and encouraging activity can be helpful in preventing and treating OH. Of 
these maneuvers, the isometric handgrip, in which the patient tenses their arms for 
2 min or until the first sign of impending syncope, has shown to improve blood pres-
sure and OH symptoms, especially in patients with neurocardiogenic syncope. 
Meanwhile, lower body muscle tensing for approximately 40 s after standing from 
squatting position has also showed to improve BP and symptoms. Simple positional 
changes can be an easy way to improve OH without using medications in the 
elderly [15].

The practical approach is for the patient to contract a group of muscles bilaterally 
for about 30  s, relax, and then repeat the maneuver. Simple maneuvers include 
standing up on their toes, or crossing their legs and squeezing. Some patients man-
age to unobtrusively contract their buttocks, thighs, and calves while they stand. 
These maneuvers result in a transient increase in total peripheral resistance [16].

Patients should be encouraged to do at least the activities of daily living. While 
prolonged exercises cause orthostatic hypotension, moderate aerobic exercises that 
are not excessive can help prevent orthostatic hypotension and improve cardiovas-
cular reflexes. However, exercises should be individually controlled and should be 
discontinued when symptoms occur [8, 19, 28].

Patients should avoid activities and situations that can increase the risk of falling 
and fainting, such as very hot baths or moving their arms above their head. Warm 
environments cause an increase in body temperature and vasodilatation of the ves-
sels resulting in a drop in blood pressure. Exercises should be planned individually 
in accordance with the functional level, general condition, and health status of the 
elderly individual, and strenuous exercises should be avoided. Bending the waist 
should be avoided to get anything off the ground or to reach something at the 
extreme point. Using supportive tools such as walking sticks, walkers, and even 
bedside tables or chair armrests can reduce the risk of falls and injuries [8, 18, 22, 
23]. Patients should also be counseled how to safely improve physical conditioning 
through low-impact exercise (e.g., recumbent stationary bicycle, aquatic workouts, 
rowing machine) [11, 21].

10.4  Elastic Bandage

Elastic bandage and pressure/varicose stockings are recommended to be worn all 
day as it can increase cardiac output and blood pressure while standing by prevent-
ing venous accumulation [13, 18, 22, 23, 29].

One study that looked at patients with progressive OH demonstrated a decrease 
in blood pressure drop with the use of compression bandages (P = 0.002) and symp-
toms relief continued after 1 month of use (P = 0.001) [15, 30]. Another study evalu-
ated the effectiveness of high compression leg bandaging in preventing seated 
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postural hypotension (PH) during the initial phase of ambulation, among elderly 
inpatients without a history of PH. It was compared the occurrence of seated PH 
between patients who were bandaged and unbandaged. The rate of seated PH was 
significantly lower in the bandaged than the unbandaged group. It was concluded 
that during ambulation of elderly inpatients, high compression leg bandaging is 
beneficial to prevent seated PH [31]. Compression leg bandaging is inexpensive and 
safe and may be easily applied by healthcare providers to hospitalized patients. 
Among inpatients at a high risk for development of PH, the use of this technique is 
recommended as a non- pharmacologic intervention [31].

10.5  Abdominal Binder

Compression of venous capacitance bed reduces venous pooling and orthostatic fall 
in BP. The largest venous capacitance bed is the splanchnic-mesenteric bed. Hence, 
compression of this bed by abdominal compression is much more effective than 
compressing the leg veins because of its low volume. Some stockings are available 
that compress legs and abdomen, but many patients find the stockings very difficult 
to apply. A practical alternative is to wear an abdominal binder as a routine. If addi-
tional compression is needed, leg stockings are additionally worn [16].

10.6  Diet

Patients should generally eat small meals and avoid standing up suddenly after eat-
ing. To prevent the post-meal formation of orthostatic hypotension, low- carbohydrate 
meals (six small meals instead of three large meals) should be eaten. Large meals 
may increase peripheral blood vessels and reduce peripheral vascular resistance. 
Alcohol intake should be avoided because it causes splenic vasodilatation [18, 21]. 
It is important to increase the daily fluid intake of patients to prevent dehydration. 
For patients without heart failure and hypertension, daily sodium salt (5–10 mg/
day) and water (at least 5–6 cups/day) intake should be increased. Drinking water 
before meals can reduce post-meal hypotension. Salt and fluid intake should be 
increased in extreme heat and febrile diseases [18, 23, 25, 26, 28]. Drinking water 
is thought to increase blood pressure in individuals with normal healthy and ortho-
static hypotension and autonomic failure. However, it is stated that the mechanism 
of water to increase blood pressure is not yet clear and the discussions on this issue 
continue [25, 32]. It is suggested that water gives good results at least 30 min before 
getting out of bed and drinking early in the morning and before meals [33].

10.7  Bath Therapy

Bath treatment, especially exposure to cold or heat of the extremities or the whole 
body, has been suggested to improve circulatory reflexes. In patients with moderate 
orthostatic hypotension, a change in the temperature of the water from hot to cold 
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several times during a daily shower may improve postural reflexes. The exposure of 
the body to the cold activates the sympathetic nervous system, leading to an increase 
in vascular resistance, and thus an increase in blood pressure throughout the body. 
Patients with moderate orthostatic hypotension can be bathed in a chair. In cases 
where orthostatic hypotension is more severe, immersion of the patient’s arms and 
legs into a hot/cold tub may help [8, 19, 33].
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11Prevention and Treatment

Banu Buyukaydin and Rumeyza Turan Kazancioglu

Orthostatic hypotension (OH) prevalence increases with age. Along with impaired 
physical activity, hypertension, diabetes mellitus, renal diseases, Parkinson’s dis-
ease, specific medications—mainly antihypertensive and antidepressant agents—, 
and finally polypharmacy are the major risk factors. The presence of OH has been 
associated with adverse cardiovascular outcomes such as coronary artery disease, 
atrial fibrillation, heart failure, strokes, and non-cardiovascular problems like cogni-
tive dysfunction, dementia, falls, fractures, and depression [1]. Also, in clinical 
practice, malnutrition risk and some drugs—alpha-1 blockers, neuroleptics, and 
memantine—are presented as significant predictors of OH [2]. Preventive measures 
should contain multidirectional approach containing these comorbidities and risk 
factors. For providing this perspective, OH must be accepted as a novel therapeutic 
target for all elderly patients and should be a part of basic clinical evaluation.

The treatment of OH includes non-pharmacological and pharmacological inter-
ventions [3]. Improvement of the symptoms and functional status are the major 
targets. Despite several studies, there is no standardized treatment modality. 
According to comorbidities and OH severity, treatment options should be deter-
mined. The final target of the applied treatment is to improve symptomatology and 
provide independence for daily activities.

As in all other patient groups, acute OH management initially starts with evaluat-
ing the acute medical problems in the elderly. These conditions include volume 
depletion, acute heart failure, cardiac arrhythmia, stroke, major bleeding, or sepsis. 
After ruling out these acute problems, the conditions and the medications that may 
decrease blood pressure or exacerbate OH should be investigated (Tables 11.1 and 
11.2). Medication management should be individualized according to comorbidi-
ties, frailty, life expectancy, and discontinuation risk for specific drugs. In poten-
tially causative medications, antihypertensive agents, antidepressants, and 
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antiparkinsonian drugs are critical [4]. Discontinuation, dose reduction, or replace-
ment of possible agents are the main procedures. But for antihypertensive medica-
tions, this advice should be performed with caution for several reasons. Although 
the relationship between sympatholytic (e.g., α- and β-adrenergic antagonists) and 
OH has been established, the relation with other antihypertensive agents with OH is 
uncertain. Moreover, uncontrolled blood pressure can potentiate OH because of 
increased pressor diuresis, and it has been related to higher OH rates [5] and 
increased risk of falls [6]. Modifications of treatment include non-pharmacological 
interventions, dose lowering of medications, and acceptance of more flexible blood 
pressure targets in frail patients. Angiotensin-converting enzyme inhibitors, angio-
tensin receptor blockers, and calcium channel blockers are less likely to lead OH 
and should be preferred [7].

Non-pharmacological lifestyle interventions can result in a modest (10–15 mmHg) 
increase in blood pressure. But in many cases, they provide a substantial clinical 
improvement. Avoidance of triggering factors like rapid standing up, hot environ-
ments, large meals, and prolonged supine position are the major advices. For reduc-
ing the venous pooling, physical counter maneuvers are recommended. These 
maneuvers include squatting, standing with legs crossed, tensing of leg muscles, 
breathing maneuvers, avoiding getting up too rapidly, and avoiding standing 

Table 11.1 The events that 
may decrease blood pressure 
or exacerbate orthostatic 
hypotension

• Quickly rising after prolonged sitting or lying down
• Prolonged motion-less standing
• Vigorous physical exertion
• Carbohydrate-heavy meals and alcohol ingestion
• Straining for micturition or defecation
• Heat exposure or fever

Table 11.2 The medications 
that may decrease blood 
pressure or exacerbate 
orthostatic hypotension

Pharmacological class, for example, drugs

Diuretics: Furosemide
Antihypertensive agents: Clonidine, labetalol, 
verapamil, captopril, hydralazine
Tricyclic antidepressants: Imipramine
Nontricyclic antidepressant: Trazodone, paroxetine, 
and venlafaxine
Antiparkinsonian agents: Levodopa, bromocriptine 
ropinirole, and pramipexole

α1-blockers: Tamsulosin
Drugs for prostatism/erectile dysfunction: Prazosin, 
terazosin, and sildenafil
Monoamine oxidase inhibitors: Phenelzine
Neuroleptics: Chlorpromazine and quetiapine
Autonomic neuropathy inducing drugs: Amiodarone, 
vincristine, and cisplatin
Narcotics and nitrates: Morphine
Insulin
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motionless. They can help maintain blood pressure during daily activities [8]. 
Abdominal and lower extremity compression binders reduce venous pooling to 
improve orthostatic tolerance. They provide a reduction of venous capacitance and 
an increase in total peripheral resistance when graded pressures of at least 
30–40  mmHg [9]. But compression of the legs alone is not usable according to 
compression of the abdomen because of the small venous capacitance of the calves 
and thighs compared with that of the splanchnic mesenteric bed. But these garments 
and stockings are uncomfortable to wear especially in elderly patients with 
comorbidities.

The avoidance of hypovolemia and providing an increase in the intravascular 
volume are the other targets for the effectiveness of pharmacological treatments. 
Adequate water intake (2–3 L/day) and sodium consumption (6–9 g/day) are rec-
ommended. The rapid ingestion of 500 mL water (in about 5 min) can provide rising 
in systolic arterial pressure of 30 mmHg [10]. But many elderly people cannot take 
in this much, and it can be advised that they take at least one glass of fluid with 
meals. Sodium intake should be maximized if tolerated, but in patients, who have 
supine hypertension, uncontrolled hypertension and comorbidities with fluid reten-
tion like heart failure, renal, or liver failure caution should be tailored. For increased 
central volume, the head of the bed should be elevated by 10–20° or 10  cm to 
decrease nocturnal hypertension and nocturnal diuresis [11].

In terms of lifestyle modifications, patients should be encouraged for exercise as 
tolerated. As deconditioning from physical activity exacerbates OH [12], training in 
a supine or sitting position is recommended (e.g., recumbent bicycling or swim-
ming). Also, isotonic exercises (e.g., light weight lifting) should be preferred rather 
than isometric exercises because of incorrect straining and breath-holding during 
isometric exercises (e.g., holding weights in the same position) may decrease 
venous return. The other advice includes eating small frequent meals, avoiding 
alcohol and situations that increase body temperature such as prolonged hot show-
ers. For the proper control of OH, education is an important factor. The patients 
should be informed and educated for the conditions (and their mechanisms) that can 
lower blood pressure. The patients should also be instructed on how to manage this 
orthostatic decompensation and modify the activities of daily living [8]. Although 
these non-pharmacological advices often have inefficient compliance, they are cost-
effective, safely applied, and usually sufficient in mild diseases. But in moderate 
and severe diseases, pharmacological approaches should be considered [13].

Pharmacological therapy focuses on increasing blood volume or raising periph-
eral vascular resistance. Because of this, the presence of hypertension or underlying 
cardiovascular disease must be considered for each patient. In patients with these 
comorbidities, short-acting pressor agents to increase vascular resistance are pre-
ferred. One of these, Midodrine is a short-acting alpha-agonist that reduces the 
venous pooling in the splanchnic circulation and lower extremities and increases the 
peripheral vascular resistance. It is effective, especially when used for neurogenic 
OH. It has been found to increase standing blood pressure and decrease OH symp-
toms [14]. The starting dose is 5 mg three times per day, but most patients respond 
10 mg three times per day. But it was also associated with a sixfold increase risk of 
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supine hypertension [15]. For avoiding this risk, the supine posture for a few hours 
following each dose or lying down in a head-up position should be advised [16]. 
The other side effects include piloerection, urinary retention, and scalp paresthesias. 
In terms of the drug interactions, midodrine can trigger bradycardia, arrhythmias, or 
atrioventricular (AV) block with beta-blockers or calcium channel blockers. Also, 
with steroids, it can have an increased hypertensive effect.

Droxidopa (100–600 mg, PO), a synthetic prodrug that is converted into norepi-
nephrine in both central and peripheral nervous system, is another medication for 
neurogenic OH. Circulating norepinephrine is maximally increased after 6 h with 
persistent elevation for 46  h. In a recent analysis, it was associated with a 66% 
reduction in falls [17]. ESC guidelines suggest that further evidence is needed to 
confirm the efficacy. But American College of Cardiology American Heart 
Association syncope guidelines recommend droxidopa for syncope due to neuro-
genic OH with a class IIa indication [18]. In patients with congestive heart failure 
and chronic renal failure, caution is recommended and side effects include head-
ache, fatigue, nausea, and dizziness.

In patients, without hypertension or heart failure, Fludrocortisone is considered. 
Fludrocortisone promotes sodium and water retention acting at renal mineralocorti-
coid receptors. The indicated initial dose is 0.1–0.2 mg daily early in the morning. 
Patients should be monitored for fluid overload, headaches, supine hypertension, 
and hypokalemia. Also, in patients with heart failure, a higher rate of hospitaliza-
tions is reported [19]. In higher doses, in combination with midodrine and elderly 
patients, tolerance to medication is poor [20]. But in moderate doses, tolerance may 
be achieved [21].

Another potential medication is Pyridostigmine, a cholinesterase inhibitor that 
improves the sympathetic activity. It has less established results for the management 
of OH. Because of the modest effect, its use has been recommended in mild to mod-
erate disease [22]. Starting dosage is 30 mg two to three times per day with titration 
up to 60 mg three times per day. The adverse effects include abdominal cramps, 
diarrhea, constipation, diaphoresis, sialorrhea, urinary incontinence, and fascicula-
tions [23]. Pyridostigmine tolerance has not been studied in elderly patients in detail.

Atomoxetine is a noradrenaline reuptake inhibitor and is an emerging therapy for 
OH. It increases the noradrenaline concentration in the synaptic gap. The dosage is 
18  mg/day for OH.  Compared with midodrine, it produced a higher increase in 
upright systolic blood pressure in a randomized controlled trial [24]. Also, in neuro-
genic OH, it was demonstrated to be as effective as midodrine and better for ame-
liorating OH symptoms [25]. In elderly, the efficacy of atomoxetine in terms of 
ameliorating the orthostatic symptoms has not been evaluated in detail. Only in a 
previous case report, an improvement in blood pressure and symptoms over 
10 weeks was presented [26]. In a recent study, the combination of atomoxetine and 
pyridostigmine has been effective in providing synergistic effects in increasing 
blood pressure in patients with autonomic failure that was unresponsive to separate 
medications. Also, this combination was associated with improvement in orthostatic 
symptoms and presented an alternative therapeutic option when there is no response 
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to either drug alone [27]. The most common side effects are dry mouth, decreased 
appetite, nausea, and insomnia.

Yohimbine is an alpha-2 adrenergic antagonist, which increases sympathetic 
activity at the central nervous system. The available studies showed inconsistent 
results with this medication. The effect of yohimbine was compared with pyr-
idostigmine on standing diastolic blood pressure and with a dosage of 5.4 mg/day. 
Yohimbine improved neurogenic OH-related symptoms [28]. But in another single- 
blind, crossover study with 17 patients, neither yohimbine nor atomoxetine alone 
increased blood pressure but coadministration of these two medications increased 
orthostatic tolerance [29]. No side effects have been reported with this medication, 
but the recommendation of yohimbine is low because of the inconsistent quality of 
evidence.

The other agents that have been tested for OH are ergot alkaloids, fluoxetine, 
recombinant erythropoietin, ephedrine and ephedra alkaloids, and octreotide. 
Ergotamine and its derivate dihydroergotamine increase blood pressure via alpha- 
adrenergic vasoconstriction of arteries and veins. Small-sized studies showed an 
increase for seated and upright blood pressure but because of limited data the rec-
ommendation for ergot alkaloids for treatment of OH is weak [30]. Fluoxetine, a 
selective serotonin reuptake inhibitor was evaluated in patients with neurogenic OH 
and Parkinson’s disease and provided symptomatic relief [31]. Fluoxetine treatment 
for OH has a lower priority. Recombinant erythropoietin stimulates red cell mass 
production and increases circulating blood volume and tissue oxygenation. 
Especially in case of anemia, erythropoietin was evaluated for the treatment of OH, 
but for this medication, there is no randomized controlled trial. In the small-sized, 
open-label studies and case reports, its beneficial effect was observed [32]. But 
because of adverse events like allergic reactions, hypertension, and increased risk of 
thrombosis, the recommendation is poor.

Ephedrine is a nonspecific direct and indirect alpha- and beta-adrenoceptor ago-
nist. It has been compared with midodrine. Although both midodrine and ephedrine 
increased supine systolic and diastolic blood pressures over placebo, the efficacy of 
midodrine was observed better than ephedrine [33]. Other ephedra alkaloids 
Phenylpropanolamine was investigated in an open-label study with pseudoephed-
rine. It significantly increased blood pressure in 13 patients [34]. Cerebral and car-
diovascular events are the major safety problems, and the quality of evidence is 
weak. Subcutaneous administration of Octreotide somatostatin analog (12.5–25 μg/
day) was investigated in the treatment of especially postprandial OH. The data for 
the administration of this medication on a regular basis is limited, but still, preven-
tion of postprandial OH was replicated in further interventional studies with open- 
label design [35]. An improvement of OH in pre- and postexercise was observed 
also [35]. The quality of evidence for octreotide for neurogenic OH is very low but 
for postprandial OH is moderate. Because of adverse events, its use is not recom-
mended in patients with diabetes mellitus [36–38].

For the control of postprandial OH, alpha-glycosidase inhibitors acarbose and 
voglibose were studied. In patients with type 2 diabetes mellitus and Parkinson’s 
disease, acarbose significantly improved postprandial systolic blood pressure fall 
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compared to placebo. Also, voglibose inhibited postprandial OH in a pre-post 
design study along with Parkinson’s disease, diabetes mellitus, and elderly patients 
[39]. Hypoglycemia was not reported in patients with or without diabetes mellitus 
but most frequent adverse events were gastrointestinal symptoms. Although the rec-
ommendation is weak for voglibose, acarbose is strongly recommended for post-
prandial OH in patients with autonomic failure.

Caffeine was also evaluated in small patient groups, and it showed a favorable 
effect [40]. But based on available literature, the quality of evidence for caffeine to 
treat postprandial OH is very low. The following compounds, indomethacin, ibupro-
fen, and methylphenidate were evaluated for the treatment of OH, but evidence for 
the use of these compounds is quite weak. The favorable or unfavorable effects of 
all of these drugs were not studied in elderly patients.

Patients refractory to single medication may benefit from combination therapies. 
These combinations include midodrine plus fludrocortisone, ergotamine plus caf-
feine, midodrine or pseudoephedrine plus water bolus, and atomoxetine plus yohim-
bine [3].

When we review all of the non-pharmacological and pharmacological treatment 
modalities—regardless of patients’ age—according to quality of evidence, the rec-
ommendations are as follows; In non-pharmacological interventions, abdominal 
and lower extremity compression binders have a moderate quality of evidence but 
are strongly recommended. Increasing sodium intake has low quality, but all other 
interventions also have a very low quality of evidence. Among pharmacological 
interventions, midodrine and droxidopa are strongly recommended, along with the 
high quality of evidence for midodrine and moderate quality of evidence for droxi-
dopa. Atomoxetine and octreotide have a low quality of evidence and hence recom-
mendations for them are weak. There is no significant quality of evidence for all 
other medications. Finally, acarbose and octreotide have strongly been recom-
mended for postprandial hypotension [41]. In the elderly, these treatment modalities 
must be selected according to the priorities and benefits of each patient. But another 
important issue for elderly management is concomitant supine hypertension. As 
these events represent hemodynamic opposite medications that improve one condi-
tion may exacerbate the other. All management should be organized according to 
each patient’s comorbidities, overall health status, and life expectancy. Advices are 
as follows: elevating the head of the bed and avoiding supine posture during the 
daytime if possible. Short-acting antihypertensive agents like captopril, losartan, 
clonidine, hydralazine, and nitroglycerin patch may be advised in patients with 
severe supine hypertension (up to 180/110  mmHg). Finally, for this group of 
patients, benefits and risks from every intervention should be evaluated and treat-
ment should be individualized [4].

In conclusion, OH is a cardiovascular disorder evolving with autonomic nervous 
system dysfunction. Causes and possible numerous conditions have been identified 
on the patient basis. The studies predict risk factors and associated problems that are 
related to impaired prognosis. There is no good quality, randomized, placebo- 
controlled trial to provide proper guidance. The mainstay of management includes 
individually based non-pharmacological and pharmacological measures.
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12Orthostatic Hypertension

Suleyman Emre Kocyigit, Mehmet Selman Ontan, 
and Ahmet Turan Isik

Postural blood pressure changes appear to be a significant cause of morbidity and 
mortality in older adults. When moving from a lying to a standing position, a tem-
porary decrease of blood pressure resolves quickly and without symptoms by the 
autonomic nervous system [1]. In older adults, this autonomic nervous system being 
affected may lead to postural blood pressure changes. Orthostatic hypotension (OH) 
is a postural blood pressure change most commonly studied in older adults with 
known etiology and pathophysiology [2]. OH affects 30% of the community- 
dwelling older adults [3], and it is emphasized that it may also be associated with 
geriatric syndromes such as frailty and malnutrition [4, 5], whereas orthostatic 
hypertension (OHT) is not clear in elderly, even though it has been stated that it may 
lead to some negative results in a small amount of studies.

12.1  Definition

There are no known consensus criteria for the diagnosis of OHT, as in OH. In dif-
ferent studies, different patient groups and different diagnostic criteria were per-
formed. OHT is frequently regarded as an increase of more than 20  mmHg in 
systolic blood pressure when moving from supine position to standing position [6]. 
However, in some studies, the blood pressure in the supine position is <140/90 mmHg, 
while it is >140/90  mmHg in the standing position, and any increase in blood 
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pressure in this range or only diastolic blood pressure is <90 mmHg in the supine 
position and is >90 mmHg in the standing position are also expressed as OHT [7, 8].

In addition, increases of 5 or 10 mmHg in postural isolated systolic blood pres-
sure are also defined as OHT in studies [9, 10]. In addition, Kario suggests that 
when the increase in systolic blood pressure is over than 20 mmHg, there is an OHT 
diagnosis and that when it is over than 10 mmHg, there is a possible diagnosis of 
OHT [11]. In the literature, there are “active standing test,” “head-up tilt table test 
(HUT),” and “ambulatory blood pressure monitoring (APBM)” which are used for 
the diagnosis of OHT. However, the time between the supine position and the stand-
ing position for postural blood pressure change varies according to the studies [6]. 
Home measurement of the active standing test for the diagnosis of OHT may be 
appropriate to eliminate the effect of the white coat and false OHT diagnosis [6]. 
ABPM can provide additional advantages in detecting short-term blood pressure 
changes [11, 12]. However, evaluation for HUT and OHT may be a good alterna-
tive. In a study for OH, HUT has been shown to be more preferable than AST, and 
HUT can be valuable for OHT [13]. Indeed, HUT has been used in many OHT stud-
ies. OHT can be asymptomatic in the elderly as well as presented with orthostatism 
symptoms [6, 14]. Consensus criteria are required for the diagnostic criteria, for 
which the findings should be supported by randomized controlled studies.

12.2  Pathophysiology

The pathophysiology of OHT is not clearly understood. However, there are several 
possible mechanisms mentioned in the literature. It is thought that autonomic nerve 
dysfunction is in the foreground [15]. OHT may occur due to extreme sympathetic 
warning against gravity as a result of the change of position. As a result, intense 
peripheral vasoconstriction develops. In addition, a decrease in venous pooling and 
venous return occurring when standing up can also lead to a decrease in cardiac 
output, whereas an increase in sympathetic stimulation can also lead to OHT [6, 
11]. Disruption in baroreceptor reflex sensitivity, essential hypertension, diabetes 
mellitus, neurological diseases, and arterial stiffness and RAAS activation as a 
result of aging, alpha-adrenergic vascular hyperactivity, and increased vasopressin 
secretion may also lead to sympathetic nerve stimulation and/or peripheral vasocon-
striction [6, 11, 16]. As a result of a decrease in cardiac output, baroreceptor hyper-
sensitivity develops, which may contribute to excessive sympathetic activation [6]. 
Kario and Shimada found that circulating levels of vasopressin in extreme dippers 
are higher following a head-up tilt challenge than in dippers and non-dippers, but 
extreme dippers did not have significantly higher levels of norepinephrine or plasma 
renin activity [17]. In some studies, the high rate of urinary norepinephrine levels in 
patients with OHT compared to those without OHT also supports increased sympa-
thetic activity [18]. The factors that trigger the development of OHT are still unclear. 
Furthermore, OHT and postural tachycardia syndrome (POTS) can be seen together 
[6]. In a significant portion of cases with POTS, plasma norepinephrine levels that 
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are high in a standing position show an extreme sympathetic response to orthostatic 
stress, which are defined as a hyperadrenergic type POTS [19, 20]. Patients with 
OHT may develop hyperadrenergic POTS. In addition, RAAS activation, pheochro-
mocytoma, mast cell activation, and norepinephrine transport deficiency, which 
develop as a result of decreased kidney blood flow, can also lead to OHT [6].

12.3  Epidemiology and Clinical Significance

The prevalence of OHT varies considerably in the literature. The difference in the 
measurement method used, the changes in the diagnostic criteria, and the differ-
ences in the quality of the population studied affect changes in prevalence. In a 
study, the prevalence was determined as 16.2% [21], while the change in systolic 
blood pressure was taken as >20 mmHg, and the ratio varies between 1.1% and 28% 
[6]. There are also studies showing that the frequency of OHT increases signifi-
cantly in individuals with diabetes and hypertension compared to nondiabetic and 
normotensive. Sympathetic abnormalities, peripheral vascular disease, baroreceptor 
failure, silent cerebral disease, and chronic kidney disease can also facilitate the 
development of OHT in the elderly [21].

It is also stated that OHT is associated with hypertensive target organ damage. In 
addition, while there is information in the literature that OHT may have an increased 
cardiovascular risk, there are studies showing that the left atrium volume is lower in 
OHT patients and there will be no harmful phenomenon [22]. It is also stated to be 
a risk factor for masked hypertension [23] that OHT may be more common in those 
with extreme dipper hypertension, which may be related to cerebrovascular damage 
[24]. In the literature, OHT has been shown to be predictive for cerebrovascular 
disease in older individuals [11]. It is pointed out that in hypertensives with OHT, 
silent lacunar infarction and deep white matter damage are higher than hyperten-
sives without OHT [25]. There are contradictory studies showing the effect of OHT 
on mortality risk. In a study showing the effect of OHT on all-cause mortality in 
hospitalized elderly individuals by Weiss et al., it was shown that the survival was 
better in elderly people with OHT, and in another study, there was no increase in 
mortality in very elderly individuals, while Kostis et al. claim that mortality risk is 
higher in OHT cases compared to the control group, and cardiovascular risk may be 
reduced by early detection [26, 27]. There is also information that it is associated 
with urinary albumin excretion and high BNP [28]. In the elderly without diabetes, 
there was no significant difference between OHT and plasma fibrinogen and carotid 
intima-media thickness compared to the control group [29]. The case study is also 
reported in the literature that OHT may develop in combination with renal artery 
stenosis and nephroptosis [30]. Examining the cognitive effect of orthostatic blood 
pressure on the elderly, the Progetto Veneto Anziani study showed that OHT could 
predict cognitive decline but OH could not [31]. However, this idea was achieved 
only by changes in MMSE values, since there is no evidence that it shows the risk 
of dementia. These findings should be supported by further studies. In addition, 
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OHT was found to be associated with early stage neuropathy in normotensive dia-
betic patients [7]. Jannetta et  al. highlighted that there is a relationship between 
hypertension, including orthostatic hypertension, and medullary vascular compres-
sion [32].

12.4  Management and Treatment

There is no specific and accepted treatment for OHT. However, considering the lit-
erature, it can be thought that certain treatment methods can be effective. Primarily, 
non-pharmacological approaches as in OH may be beneficial in patients presenting 
with orthostatism symptoms. For example, when considering that venous pooling is 
involved in pathophysiology, compression stockings may be useful to reduce the 
pooling. Correction of the underlying conditions can also treat OHT [6]. For exam-
ple, if there is masked hypertension or essential hypertension on the ground, effec-
tive blood pressure regulation may regress OHT, or if diabetes mellitus is 
present—there are publications indicating that OHT is common in these patients—
blood sugar regulation can improve OHT [6]. Therefore, in cases where OHT is 
detected, evaluation of blood pressure and blood sugar becomes important. Renal 
vascularization may be brought up if renal artery stenosis is accompanied. Patients 
with OHT should be carefully evaluated in terms of cerebrovascular events, and 
appropriate diagnostic methods should be used in skeptical cases.

In the study showing the effect of doxazosin, which is an alpha-blocker, on OHT, 
it has been shown that it can control OHT and protect it from target organ damage 
as a result of adding 1  mg of doxazosin and applying it up to 4  mg dose with 
monthly intervals until the blood pressure target is <130/85 mmHg [28, 33].

In small case series, clonidine has been shown to be beneficial in patients with 
symptomatic OHT with baroreflex deficiency due to its sympatholytic properties 
[34]. In a large observational study, systolic and diastolic blood pressures were 
slightly reduced, while pulse pressures remained unchanged due to a standing pres-
sure effect of beta-blockers. However, their effects remain uncertain as they can 
worsen OHT [35]. Thoracic sympathectomy has also been demonstrated to correct 
OHT in small case series, but it should be kept in mind that there will be a risk of 
OH [36]. Transdermal nitroglycerin administered at bedtime reduces supine BP 
substantially in patients with autonomic failure. Therefore, it may be useful for 
OHT, but further studies are needed on this topic [37]. It has been shown that OHT 
is eliminated by surgical intervention in cases with OHT due to nephroptosis, but it 
is not routinely used because it is a high-risk operation [30]. Finally, it seems more 
rational to take the necessary precautions in the symptomatic state of OHT, whose 
treatment modality is not clear, and to combat comorbid diseases.
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12.5  Conclusion

Randomized controlled studies with high sample size are not required to demon-
strate the effect of OHT, whose diagnostic criteria, clinical significance, and treat-
ment are not clear on the geriatric population. There are various clues about the 
effect of OHT in the literature, and broader and different findings need to be 
revealed.
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13Other Syndromes of Orthostatic 
Intolerance: Delayed Orthostatic 
Hypotension, Postprandial Hypotension, 
Postural Orthostatic Tachycardia 
Syndrome, and Reflex Syncope

Artur Fedorowski, Viktor Hamrefors, and Fabrizio Ricci

13.1  Delayed and Postprandial Orthostatic Hypotension

Beyond classical orthostatic hypotension (OH), the gravitational force may contrib-
ute to other forms of orthostatic intolerance and delayed and postprandial OH. In 
delayed OH, the significant blood pressure (BP) drop occurs first after 3-min period 
of orthostasis, whereas in postprandial OH, the symptoms appear first approxi-
mately 15–30 min after the meal. These two special forms of orthostatic intolerance 
are frequently identified in older individuals with unexplained syncope and negative 
initial workup including active standing test and ECG monitoring. Usually, more 
advanced tests have to be performed, such as head-up tilt testing (HUT) with beat- 
to- beat BP monitoring and 24-h ambulatory BP monitoring (ABPM) with detailed 
analysis of individual data, especially in the postprandial period.
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13.1.1  Delayed Orthostatic Hypotension

Delayed orthostatic hypotension is defined as a slow progressive drop in BP 
≥20/10 mmHg (or ≥30/15 mmHg in patients with arterial hypertension) occurring 
first after 3 min of active standing or, for the most accurate diagnosis, after 3 min of 
HUT [1, 2]. This condition has been associated with milder abnormalities of sym-
pathetic adrenergic function, suggesting that this disorder may be a less severe or an 
early form of autonomic failure, along with age-related impairment of compensa-
tory reflexes and with a stiffer, more preload-dependent heart in older patients [2, 3]. 
The absence of bradycardia or pauses usually differentiates delayed OH from reflex 
syncope, although mixed forms are often encountered in clinical practice [4].

13.1.1.1  Prevalence and Clinical Significance of Delayed OH
Delayed OH was first described by Streeten and Anderson [5], but there is limited 
data on pathophysiology and differences between classical and delayed OH. Current 
evidence supports the perspective of delayed OH as an early and milder phenotype 
of autonomic dysfunction preceding classical OH and presenting at younger age 
with less severe abnormalities of both autonomic and neuroendocrine control mech-
anisms [3, 6]. On a pathophysiological basis, it seems likely that delayed OH is a 
consequence of increased peripheral venous pooling, increased fluid transudation, 
along with gradual failure of sympathetic adrenergic system and humoral mecha-
nisms that counteract the redistribution of blood volume [6].

Similar to classical OH, delayed OH can be classified into two broad categories 
dealing with structural (neurogenic) or functional (non-neurogenic) causes of auto-
nomic nervous system failure [2]. Neurogenic etiologies include Parkinson’s dis-
ease, α-synucleinopathies, and other primary neurodegenerative disorders and can 
also be seen in autonomic nervous system failure secondary to diabetes, amyloido-
sis, renal failure, or in autoimmune diseases.

Factors that may cause functional impairment of the autonomic nervous system 
include aging, treatment with diuretics, tricyclic antidepressants or chemotherapeu-
tic agents, absolute or relative reduction of circulating blood volume, venous pool-
ing, and use of inotropic and/or chronotropic heart failure medications. Delayed OH 
has been also reported to occur after surgical denervation of the carotid sinus baro-
receptors and with drugs interfering with vasoconstrictor mechanisms, such as cen-
tral sympathetic outflow blocking agents and α-blockers, indicating that impaired 
baroreflex function is commonly implicated [7]. Overall, only a minority of patients 
with delayed OH demonstrate clinically overt neurogenic disease, and at least 40% 
cases of moderate or severe OH are eventually classified as idiopathic.

While both forms of classical and delayed OH are generally considered as a 
common finding in older populations, estimates of their prevalence can vary widely. 
In a pooled analysis of observational studies, it has been shown that OH affects 
nearly one in five older community-dwelling individuals and almost one in four 
persons living in long-term residential care facilities [8]. However, despite the avail-
ability of consensus guidelines, there is still large inter-study heterogeneity in 
assessment methods used to measure orthostatic BP, where continuous versus 
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intermittent monitoring and the lack of a clear definition for what constitutes a sus-
tained drop in BP make it difficult to get reliable estimates of disease prevalence.

In a cohort of 230 consecutive symptomatic patients undergoing 60° head-up tilt 
for 45 min, of 108 patients with OH, only 46% had OH within 3 min, while delayed 
OH occurred in 54% of the tested population and was associated with milder abnor-
malities of sympathetic adrenergic function [6]. Particularly, patients with delayed 
OH beyond 10 min were younger and presented with smaller BP falls during phase 
II of the Valsalva maneuver and greater phase IV overshoot, suggesting a milder or 
early phenotype of sympathetic adrenergic failure [6]. Long-term follow-up of the 
same cohort revealed that over 10 years, more than half of subjects with delayed OH 
developed classical OH phenotype and a sizeable proportion received a neurode-
generative disease diagnosis. Of note, as delayed OH frequently progresses to OH 
and combines with diabetes, abnormal autonomic tests, or overt α-synucleinopathies, 
it heralds higher all-cause mortality [9]. Despite the fact that mortality is associated 
with the development of specific underlying diseases, progression to OH magnifies 
the risk, particularly in individuals with diabetes, in whom delayed OH entails four-
fold higher mortality than diabetes alone [9]. Delayed OH falls along the continuum 
of morbidity and mortality associated with CV autonomic dysfunction. The concept 
of CV disease continuum framed as a chain of events, initiated by a number of risk 
factors and progressing through different physiologic pathways up to the develop-
ment of end-stage heart disease, has been proposed and validated through the evi-
dence that an intervention at any point along this chain can modify the course of the 
disease also providing cardioprotective effects [10].

It is now increasingly recognized that a direct relationship exists between OH 
and each step of the cascade of pathophysiologic and clinical events in the CV dis-
ease continuum [11].

13.1.1.2  Diagnosis
Changing from the supine to the upright position produces a displacement of blood 
from the thorax to the lower limbs and abdominal cavity that leads to a decrease in 
venous return and cardiac output. In the absence of compensatory mechanisms, a 
fall in BP may lead to syncope. According to the consensus statement, endorsed by 
the American Autonomic Society, the European Federation of Autonomic Societies, 
the Autonomic Research Group of the World Federation of Neurology, the 
Autonomic Disorders section of the American Academy of Neurology [1], and the 
European Society of Cardiology [12], delayed OH may be revealed in patients with 
suspected orthostatic hypotension by extending the period of orthostatic stress 
(active standing or HUT) beyond 3 min.

Hypo-responsiveness of cardiovascular (CV) autonomic regulatory systems 
underlying delayed OH is relatively easy to detect by applying noninvasive beat-to- 
beat BP measurement and Valsalva maneuver [13]. According to the standard exam-
ination protocol, patients take their regular medications and fast for ≥2 h before the 
test, but they are allowed to drink water. The examination includes basic CV auto-
nomic testing (typically Valsalva maneuver and active standing) and HUT accord-
ing to the Italian protocol i.e., a drug-free HUT phase of 20 min or until syncope 
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occurred, under continuous ECG and beat-to-beat BP monitoring. If the drug-free 
phase is negative, 400 μg sublingual nitroglycerin is administered and the patient is 
monitored for another 15  min. This part of the protocol is usually reserved for 
patients with unexplained syncope, in whom the passive phase is inconclusive and 
standing systolic BP (SBP) is still above 90 mmHg. However, the hemodynamic 
response during the drug-potentiated HUT phase is not a part of OH evaluation. 
While classical OH is defined as a sustained decrease in SBP ≥20 mmHg or dia-
stolic BP (DBP) ≥10 mmHg during first 3 min of HUT, presence of delayed OH 
assumes that significant BP fall occurs first after 3 min of HUT (Fig. 13.1), exclud-
ing the obvious pattern of vasovagal reflex presenting with a typical prodrome and 
bradycardia preceding or coinciding with a significant BP fall. A pathologic Valsalva 
maneuver is defined based on the absence of an increase in heart rate during phase 
II, absence of late phase II BP recovery, and delayed BP recovery without the char-
acteristic overshoot during phase IV [3]. Pathologic Valsalva test pattern implies 
presence of structural damage to the efferent arm of sympathetic system.

While the prognostic value of 24-h ambulatory blood pressure monitoring 
(ABPM) in arterial hypertension is fully established, the applicability of ABPM in 
CV autonomic dysfunction remains limited, and validated criteria for the ambula-
tory screening of OH with ABPM are yet to be determined. However, ABPM might 
provide additional insights into BP alterations associated with OH, including 

Fig. 13.1 Delayed orthostatic hypotension. Beat-to-beat blood pressure (mmHg) and cerebral 
oxygen saturation (%) in the upper panel with heart rate (bpm) depicted in red in the lower panel 
during head-up tilt in a representative patient (man, 80-year old) with delayed orthostatic hypoten-
sion leading to an onset of vasovagal reflex and syncope. (Modified from: Torabi P, Ricci F, 
Hamrefors V, Sutton R, Fedorowski A. Classical and Delayed Orthostatic Hypotension in Patients 
With Unexplained Syncope and Severe Orthostatic Intolerance. Front Cardiovasc Med 2020;7:21)
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awakening hypotension, postprandial hypotension (Fig.  13.2), nocturnal reverse 
dipping, and nocturnal hypertension [14]. Particularly, high nocturnal BP values 
and 24-h weighted BP variability have been associated with OH, and two specific 
parameters for the ambulatory screening of OH with ABPM have been recently 
proposed, including [15]:

 1. ≥2 hypotensive episodes, defined as an SBP drop ≥15 mmHg, compared to the 
average 24-h SBP and

 2. presence of awakening hypotension, defined as an SBP drop ≥15 mmHg within 
90 min after getting up in the morning compared to the average 24-h SBP.

Further tests, such as supine/standing catecholamines, imaging of the brain and 
of cardiac sympathetic nerves, may be indicated to confirm peripheral noradrener-
gic denervation or central neurodegenerative process, all of which are usually per-
formed in specialized tertiary care units [16–18].

Fig. 13.2 Postprandial orthostatic hypotension. Twenty-four-hour ambulatory blood pressure 
monitoring documenting two symptomatic postprandial hypotension episodes in an 88-year-old 
woman with hypertension and history of syncope. DBP diastolic blood pressure, MAP mean arte-
rial blood pressure, PPH postprandial hypotension, SBP systolic blood pressure
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13.1.1.3  Treatment
Delayed OH is difficult to treat, and there is no evidence that patients may benefit 
from a particular drug class in terms of CV risk protection. However, as for classical 
OH, control of symptoms can be obtained by means of both non-pharmacological 
and pharmacological measures (see Chap. 11) greatly enhancing the quality of life 
of patients with delayed OH [19]. As for classical OH, the pharmacological treat-
ment should be reserved to highly symptomatic patients with daily or at least very 
frequent symptoms, whereas management of less symptomatic patients should 
focus upon nonpharmacological measures [2].

13.1.2  Postprandial Orthostatic Hypotension

In postprandial hypotension (PPH), BP fall typically occurs within 2 h after a meal. 
Over the years, various definitions of PPH have been proposed, although none is 
based on normative data or CV risk estimates. Most authors define PPH as a drop in 
SBP ≥20 mmHg or alternatively as continuous SBP <90 mmHg, after having been 
>100 mmHg before the meal—either occurring within 2 h after completion of the 
meal. However, there is still a noticeable degree of variation in defining PPH [20].

PPH is more frequently observed in elderly patients with neurologic comorbidi-
ties, and as most of the patients are asymptomatic, the diagnosis is often overlooked. 
However, all physicians caring for elderly patients should be aware of the hypoten-
sive effects of food intake and should carefully consider PPH in the evaluation of 
syncope, falls, and symptoms of orthostatic intolerance [21]. As a general principle, 
treatment should be geared to patients’ symptoms and their impact on daily function 
rather than targeting a definite BP cutoff. Optimal treatment of symptomatic PPH 
includes the same principles reported for OH and should aim to correct precipitating 
factors, such as avoidance of volume depletion, and down-titration/withdrawal of 
offending medications that can cause or exacerbate OH, such as of diuretics, alpha- 
blockers, beta-blockers, selective serotonin reuptake inhibitors, antipsychotics, 
vasodilators, sedatives, hypnotics, phosphodiesterase, inhibitors, or muscle relaxant 
drugs [22]. Modification of meals (avoiding large and high-carbohydrate meals) and 
liberalization of salt and fluid intake may be helpful in selected patients [21, 23]. 
Particularly, PPH can be minimized by avoiding large and high-carbohydrate meals, 
alcohol intake and activities or sudden standing immediately after eating. Conversely, 
generous intake of water with meals or rapid ingestion of cool water have been 
reported to be effective in treating orthostatic intolerance and PPH [24].

Should nonpharmacologic measures reveal insufficient to prevent symptoms, 
particularly in moderate/severe forms of disease, pharmacologic intervention, can 
be recommended. Of note, acarbose, an alpha-glucosidase inhibitor, and octreotide, 
a somatostatin analogue, were found to attenuate PPH in small trials of patients with 
autonomic failure [25, 26]. Nevertheless, beneficial effects of medications have 
been demonstrated for BP response, but not for symptomatic improvement [27].
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13.2  Postural Orthostatic Tachycardia Syndrome

Postural orthostatic tachycardia syndrome (POTS) is a common variant of CV auto-
nomic dysfunction diagnosed by a characteristic excessive heart rate increase on 
standing associated with symptoms of orthostatic intolerance and occasional syn-
cope [1, 12, 28, 29]. The syndrome affects predominantly younger women 
(≈80–85%) [28, 30]. POTS is extremely rare in older population as the majority of 
patients report onset of disease before the age of 30 [31], although the symptoms 
may be persistent and span beyond the sixth decade of life. Usually, postural tachy-
cardia is attenuated when the POTS patients get older as the maximal heart rate 
declines with advancing age, from 200  beats per minute (bpm) in the age of 
20–160 bpm in the age of 60 [32]. The long-term prospective studies of POTS are 
not available.

The term POTS was coined in 1993 by a team from Mayo Clinic (Rochester, 
MN, USA) to illustrate a phenomenon of sudden-onset pandysautonomia with pre-
vailing hyperadrenergic circulatory symptoms and abnormal orthostatic heart rate 
acceleration [33]. The Mayo Clinic group proposed diagnostic criteria of POTS: 
heart rate increase >30 bpm or above 120 bpm within first 5 min after assuming 
standing position, accompanied by symptoms of orthostatic intolerance [34]. These 
criteria were subsequently adopted with some modifications by major neurologic, 
autonomic, and cardiologic societies [1, 12, 28].

13.2.1  Diagnosis

The current diagnostic criteria for POTS are summarized in Table 13.1. To establish 
POTS diagnosis, one should perform repeated active standing tests after resting in 
supine position for at least 5 min, and record BP and heart rate after 1, 3, 5, and 
10 min of standing. Tests performed after large meals, physical exercise, and coffee 
consumption should be avoided. POTS may overlap vasovagal syncope, panic dis-
orders, psychogenic pseudosyncope, chronic fatigue syndrome, Ehlers-Danlos syn-
drome, and paroxysmal supraventricular arrhythmias, which should be kept in mind 
in complex cases [12, 28, 30, 35].

A typical patient with POTS is a young woman about 15–30 years old, although 
one-fifth are males [36, 37]. Notably, symptoms of orthostatic intolerance, palpita-
tions, and number of syncopal events do not well discriminate POTS from OH and 
recurrent vasovagal syncope [37]. The onset of POTS may be precipitated by viral 
infection, vaccination, trauma, pregnancy, surgery, or even a period of intensive 
psychosocial stress [29, 38–41]. A substantial number of POTS patients do not 
recall any triggering event and experience rather slowly progressing or even station-
ary symptoms over a long period of time [36]. In patients diagnosed with joint 
hypermobility syndrome, a variant of Ehlers-Danlos syndrome, the onset of POTS 
may be rather insidious and the symptoms may develop over years beginning with 
teenage [42].
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The predominant and pathognomonic feature of POTS is chronic orthostatic 
intolerance, usually exacerbated by high ambient temperature, morning hours, 
insufficient fluid intake, dehydration, physical strain, large meals, and occasional 
infection with fever. POTS patients typically present with a spectrum of symptoms 
which are detailed in Table 13.2. The broad-spectrum panorama in POTS and simi-
larities with other less defined conditions such as chronic fatigue syndrome make 
the diagnosis difficult for an unexperienced doctor [29]. The most common com-
plaints are dizziness while standing, body weakness, rapid heartbeat and palpitation 
on standing, headache, fatigue, abdominal pain, mental impairment, and syncope 
[35, 38, 43–46]. Syncope or transient loss of consciousness is very common in 
POTS, affecting approximately one-third of patients [47–50].

As mentioned above, the diagnosis of POTS is difficult as it usually requires both 
doctor’s vigilance combined with knowledge about the syndrome and an access to 
CV autonomic tests. A complicating factor is heterogeneity of symptoms that may 
mask the underlying POTS and divert clinician’s attention towards other conditions 
with a similar presentation such as anxiety disorders, hyperthyroidism, anemia, 
pheochromocytoma, asthenia, orthostatic hypotension, hypocortisolemia, and other 
endocrinological disorders. An active standing test may immediately give a diag-
nostic clue, if supported by a history of characteristic chronic orthostatic intoler-
ance, postural heart rhythm acceleration, and varying panorama of accompanying 
complaints (Table 13.2). When the symptoms are more severe, the patient should be 
optimally referred to a center or specialist with a good experience of POTS. HUT 

Table 13.1 Diagnostic criteria of postural orthostatic tachycardia syndrome

The diagnostic criteria Endorsed by:
Sustained heart rate increment of not less 
than 30 bpm or above 120 bpm within 
10 min of active standing or head-up tilt

American Academy of Neurology
American Autonomic Society
American College of Cardiology
American Heart Association
European Federation of Autonomic Societies
European Heart Rhythm Association
European Society of Cardiology
Heart Rhythm Society

Absence of OH (i.e., sustained SBP drop of 
not less than 20 mmHg)
Reproduction of spontaneous symptoms 
such as lightheadedness, palpitations, 
tremulousness, generalized weakness, 
blurred vision, and fatigue. In some patients, 
postural tachycardia may induce vasovagal 
syncope corresponding to spontaneous 
attacks from patient’s history
History of chronic orthostatic intolerance 
and other typical POTS-associated 
symptoms (for at least 6 monthsa)
Absence of other conditions associated with 
sinus tachycardia, such as anxiety disorders, 
hyperventilation, anemia, fever, pain, 
infection, dehydration, hyperthyroidism, 
pheochromocytoma, use of cardioactive 
drugs (sympathomimetics, anticholinergics)

aSymptoms of shorter duration should be reevaluated to confirm the diagnosis
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with a detailed noninvasive beat-to-beat hemodynamic monitoring is a crucial 
examination but usually requires both well-equipped laboratory and diagnostic 
skills to avoid over- and underdiagnosing. A panel of additional tests may be per-
formed to explore the hemodynamic profile of patient, the possibility of coexisting 
inappropriate sinus tachycardia, to differentiate between the “hyperadrenergic” and 
“neuropathic” form, and to grade the symptoms.

13.2.2  Treatment

The management of POTS is usually focused on symptom alleviation [51, 52]. After 
the diagnosis has been established, patient should be thoroughly educated about 
nonpharmacological measures alleviating the symptoms, expected chronicity of 
symptoms, and available therapeutic options adequate to patient’s status [30, 35, 48, 
51–53] (Table 13.3). Here, the emphasis should be on patient’s education, including 
avoidance of orthostatic intolerance triggers and better understanding of POTS 
pathophysiology. Exercise training may be very effective and has been shown to 
alleviate the symptoms of POTS-related deconditioning  [54, 55]. If symptoms are 
pronounced, as evaluated by different score systems such as Orthostatic Hypotension 
Questionnaire (OHQ)  [56], and functional class “pyramid” [2] focusing on com-
plaints associated with orthostatic intolerance, or Karnofsky Performance Status 
[57] focusing on overall function limitation, the pharmacologic treatment should be 
considered. The most widely used drugs are presented in Table 13.3. However, it 

Table 13.2 The characteristic clinical presentation of POTS with associated symptoms

Cardiovascular symptoms
Cardiovascular 
system

Main: Orthostatic intolerance, orthostatic tachycardia, palpitations, 
dizziness, lightheadedness, (pre-) syncope, exercise intolerance.
Other frequent symptoms: Dyspnea, chest pain/discomfort, 
acrocyanosis, venous pooling, limb oedema

Non-cardiovascular symptoms (accompanying)
General symptoms General deconditioning, chronic fatigue, exhaustion, heat intolerance
Nervous system Headache/migraine, mental clouding (brain fog), cognitive impairment, 

concentration problems, anxiety, tremulousness, sleeping disorders,
light and sound sensitivity, blurred/tunnel vision,
neuropathic pain (regional), involuntary movements

Musculoskeletal 
system

Muscle fatigue, weakness, muscle pain

Gastrointestinal 
system

Nausea, dysmotility, gastroparesis, constipation, diarrhea,
abdominal pain, weight loss

Respiratory system Hyperventilation, shortness of breath
Urogenital system Bladder dysfunction, nycturia, polyuria
Skin Petechiae, rashes, erythema, telangiectasia, diaphoresis,

abnormal sudomotor regulation, pallor, flushing.

Adapted from: Fedorowski A.  Postural orthostatic tachycardia syndrome: clinical presentation, 
aetiology and management. Journal of internal medicine. 2019;285(4):352–66
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Table 13.3 Different treatment options in postural orthostatic tachycardia syndrome. Of note: 
most of these treatment modalities may be applied in the treatment of orthostatic hypotension and 
recurrent vasovagal syncope

Therapy Comments
Nonpharmacological treatment
Education of patient:
•  Understanding of orthostatic intolerance 

and POTS pathophysiology
•  Avoidance of immobilization, prolonged 

recumbency, and physical deconditioning
•  Gradual rising from supine and sitting 

position, especially in the morning, after 
meals, and after urination/defecation

•  Small and frequent instead of large 
meals

•  Avoidance of prolonged standing, high 
ambient temperature, and high humidity

•  Physical counter-maneuvers (leg 
crossing, muscle tensing, squatting, etc.) 
during standing and prodromal 
symptoms [22, 59, 60]

This intervention is crucial and should be the 
fundamental of treatment strategy. It is rarely 
sufficient alone when pronounced symptoms are 
present. Patients and their families should 
understand the basics of orthostatic physiology 
and importance of nonpharmacological methods. 
Educational materials such as brochures and 
instruction films may be very helpful

Exercise training There are different programs available. A regular, 
structured, and supervised exercise program 
featuring aerobic reconditioning is preferable. 
Initial training should avoid upright position. Mild 
to moderate intensity endurance training, 
progressing from semi-recumbent to upright 
position plus strength training is recommended. 
Rowing machines, recumbent bicycles, and 
swimming may be applied. Class IIA 
recommendation

Increased salt and fluid intake incl. peroral 
water bolus if needed

Volume expansion. A daily dietary intake of more 
than 10 g of sodium per day or salt tablets (e.g., 
1 g TID) and a fluid intake of at least 2.5 L/day is 
recommended. This method is especially effective 
in “hypovolemic” subtype. Class IIB 
recommendation

Compression stockings/garments Reduction of peripheral pooling in the lower 
limbs and splanchnic region. In general, Class 2 
compression garments (>30 mmHg) are 
recommended. Especially when venous pooling is 
observed or suspected

Pharmacological treatments
Heart rate controlling agents
Beta-blockers
  propranolol, 10–40 mg TID
  bisoprolol, 2.5–5 mg BID
  metoprolol, 25–100 mg daily
  atenolol, 12.5–50 mg daily

Beta-blockers are especially recommended in 
“hyperadrenergic” subtype associated with sinus 
tachycardia >120 bpm on standing. Of note: 
beta-blockers may aggravate orthostatic 
intolerance in low-BP phenotype, asthma, and 
paroxysmal chest pain. Class IIB recommendation
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Table 13.3 (continued)

Therapy Comments
Ivabradine (2.5–7.5 mg BID) This drug is effective when beta-blockers are not 

well tolerated. The evidence is based on small 
patient series

Verapamil (40–80 mg BID/TID) This calcium channel blocker with negative 
chronotropic effect can be tested in 
“hyperadrenergic” type associated with higher BP, 
migraine, and chest pain. The evidence and 
clinical experience are very limited

Vasoactive and volume-expanding agents
Clonidine (0.2–0.6 mg BID) Centrally acting α2-adrenoreceptor agonist with 

overall sympatholytic effect. It is generally 
recommended for “hyperadrenergic” subtype and 
hypertensive tendency on standing. Class IIB 
recommendation according to current American 
guidelines

Midodrine (2.5–10 mg TID) Direct α1-adrenoreceptor agonist. One of the few 
pharmacological agents positively tested in 
placebo- controlled studies for orthostatic 
hypotension. It may be effective in low-BP 
phenotype with pronounced orthostatic 
intolerance. Class IIB recommendation

Droxidopa (Northera, DOPS,  
100–600 mg TID)

Peroral norepinephrine precursor. Drug is 
recommended in neurogenic OH and has been 
empirically used off-label in severe POTS. Not 
included in the current guidelines

Pyridostigmine (30–60 mg BID/TID) Acetylcholinesterase inhibitor. It might be 
considered in POTS-phenotype associated with 
suspected autonomic neuropathy, gastrointestinal 
dysfunction, and nonspecific muscle weakness. 
Effect on BP is small. Class IIB recommendation

Fludrocortisone (0.1–0.2 mg daily) Mineralocorticoid. Volume expander. Increases 
sodium reabsorption and enhances sensitivity of 
α-adrenoreceptors. May worsen supine 
hypertension and hypokalemia. It is recommended 
in low-BP phenotype. Class IIB recommendation

Ephedrine and pseudoephedrine  
(25/30–50/60 mg TID)

Direct and indirect α1-adrenoreceptor agonist. 
Efficacy is controversial

Desmopressin (0.1–0.4 mg BID) Vasopressin analogue. Volume expander. 
Increases water reabsorption and reduces nycturia. 
Sparse evidence exists. Efficacy is uncertain

In-hospital acute 1–2 L physiological 
saline infusion (during consecutive 
3–5 days)

In acute decompensated POTS, this method 
should be considered to alleviate the short-term 
symptoms. Class IIA recommendation.

BP blood pressure
Adapted from: Fedorowski A.  Postural orthostatic tachycardia syndrome: clinical presentation, 
aetiology and management. Journal of internal medicine. 2019;285(4):352–66
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should be kept in mind that large randomized trials are lacking [58], there are no 
Class I recommendations to date [28], and the only Class IIA recommendations are 
exercise training and acute saline infusion in decompensated POTS [28]. Among 
Class IIB recommendations are increased fluid and salt intake, midodrine, beta- 
blockers, fludrocortisone, pyridostigmine, clonidine, and alpha-methyldopa [28]. 
Consequently, the physician is often left alone with a decision which drug to test. 
Typically, clinicians test various drugs directed at controlling heart rate, increasing 
peripheral vasoconstriction, and increasing intravascular volume (Table 13.3). The 
overall effects of pharmacological therapy are modest, and the most symptomatic 
patients remain severely affected by the disease even if combination of different 
drugs is applied [28, 58].

13.3  Reflex Syncope

In accordance with the most recent guidelines from the European Society of 
Cardiology, syncope is defined as “transient loss of consciousness (TLOC) due to 
cerebral hypoperfusion, characterized by a rapid onset, short duration, and sponta-
neous complete recovery” [12]. The brain is critically dependent on stable perfu-
sion, and if the cerebral blood flow is stopped for about 6  s or more, the likely 
outcome is complete loss of consciousness. Similarly, an SBP of 50–60 mmHg, 
meaning a BP of 30–45 mmHg at brain level in sitting or standing, will result in loss 
of consciousness [61, 62].

Whereas there are many alternative causes of TLOC, including epileptic seizures 
and traumatic TLOC, the mechanisms of syncope may be broadly divided into one 
of the three categories reflex syncope, OH, and primary cardiac syncope. This sec-
tion will cover reflex syncope.

The broad term reflex syncope in turn involves the entities vasovagal syncope, 
situational syncope, and carotid sinus syndrome (the latter will be described in a 
separate section).

Vasovagal syncope, also known as neurocardiogenic syncope, is the most com-
mon mechanism of syncope [12]. In brief, vasovagal syncope is characterized by the 
following hallmarks:

• occurs during an upright posture or in conjunction with emotional stress, pain, or 
medical procedures;

• involves autonomic activation symptoms such as sweating, warmth, nausea, and 
pallor [63];

• is associated with hypotension and bradycardia in the final phase [63]; and
• after an episode of vasovagal syncope, the patient experiences fatigue [28].

If reflex syncope is triggered, or if there is an excessive BP decrease, during 
specific, well-defined physiologic situations, the syncope is classified as situational 
syncope. Situational syncope may be triggered by micturition, gastrointestinal 
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stimulation (swallowing or defecation), coughing, sneezing, after exercise, or dur-
ing other specific situations involving physiologic maneuvers such as laughing or 
playing a brass instrument [12].

Vasovagal syncope is extremely common. Studies have shown that by the age of 
60, four out of ten women and three out of ten men will have experienced vasovagal 
syncope [64], even though most subjects may have had only one or a few episodes 
[28]. The first episode of vasovagal syncope usually occurs before the age of 40, 
with a median age of the first episode of 14 years [65]. In the elderly, vasovagal 
syncope may occur in conjunction with delayed OH in which the orthostatic BP 
decrease may trigger the vasovagal reflex, in turn resulting in complete syncope [4].

Vasovagal syncope usually occurs in otherwise healthy subjects and is not asso-
ciated with any excess mortality. However, subjects with frequently occurring epi-
sodes suffer a significant loss of quality of life [28].

The physiology of vasovagal syncope is still not entirely clear. In general, vaso-
vagal syncope is the result of the combination of bradycardia with subsequent 
reduction in cardiac output and vascular dilatation. The latter phenomenon is known 
as vasodepression and usually begins prior to the bradycardia [66]. The modified 
VASIS classification [67, 68] divides the response of the vasovagal syncope into a 
number of categories based on the involvement of bradycardia and vasodepression, 
respectively (Table 13.4).

Table 13.4 Modified classification of vasovagal syncope based on the heart rhythm behavior dur-
ing loss of consciousness (modified from reference [68], Brignole et al.)

Type 1 Mixed At the time of syncope, the ventricular rate either:
• decreases to ≥40 bpm
OR
• decreases to <40 bpm for less than 10 s with or without asystole for 3 s
AND
• blood pressure decreases before the heart rate

Type 2 A At the time of syncope, the ventricular rate:
• decreases to <40 bpm for more than 10 s but without asystole for 3 s
AND
• blood pressure decreases before the heart rate

Type 2B At the time of syncope:
• asystole occurs for more than 3 s.
AND
• heart rate fall coincides with or precedes the blood pressure decrease

Type 3 At the time of syncope:
• heart rate decreases no more than 10%, from its highest value

Exception 1:
Chronotropic 
incompetence

No heart rate increase during orthostatic provocation (i.e., less than 10% 
increase from the supine position, meaning chronotropic incompetence)

Exception 2:
Excessive heart 
rate increase

Excessive heart rate increase in the upright position prior to syncope
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Diagnosis
The first step in the diagnostic process of reflex syncope is to confirm that the 
episode(s) of TLOC is caused by syncope (please see the definition at the beginning 
of this chapter), and not by potential differential causes such as epileptic seizures or 
psychogenic episodes. Sometimes, this step is quite simple, while in other situa-
tions, assessing the likely cause of TLOC may be rather challenging. If syncope 
turns out to be the likely cause of TLOC, the next step is to examine the specific 
underlying mechanism [12].

Vasovagal syncope could most often be diagnosed by careful history taking, 
searching for the clinical hallmarks of vasovagal syncope, described previously in 
this section. For example, vasovagal syncope is highly probable as the underlying 
diagnosis if the patient describes syncopal episodes that are precipitated by pain, 
fear, or standing and is associated with typical progressive prodromes of autonomic 
activation, such as pallor, sweating, and/or nausea. Similarly, if syncope is trigged 
by specific physiological situations, such as micturition, gastrointestinal stimula-
tion, cough, sneeze, or postexercise, a diagnosis of situational syncope is highly 
likely [12]. It should be noted that fine and coarse myoclonic movements may be 
seen during episodes of vasovagal syncope. Thus, it is important that episodes of 
vasovagal syncope are not mistaken for epileptic seizures, solely on the basis of 
these myoclonic movements. After syncope, the patient usually regains conscious-
ness after 1 or 2 min (often even quicker), but complete recovery of the patient may 
take longer. After an episode of vasovagal syncope, the patient often suffers from 
fatigue, which can last for hours [28].

Even though a careful history in most cases will be enough in order to adequately 
diagnose reflex syncope, some cases, especially if there is retrograde amnesia of the 
patient and/or absence of observers of the episode(s), may be more challenging. In 
case of uncertainness, a number of investigations may aid in the diagnosis of reflex 
syncope:

• The active standing test, during which the patient by him/herself adapts an 
upright position from supine under repeated BP measurements, can be easily 
performed during the patient examination. The patient should be standing for at 
least 3 min. While the active standing test seldom reproduces reflex syncope, it 
may reveal OH as a potential differential or additional diagnosis.

• The head-up tilt table test (HUT) involves the use of prolonged passive ortho-
static stress to assess whether patients have the autonomic substrate for vasova-
gal syncope. The most common protocol of HUT is performed at 60–70° tilt 
including 20 min of passive orthostatic provocation followed by optional nitro-
glycerin provocation (400 μg spray sublingually) [69]. Ideally, beat-to-beat BP 
and electrocardiogram (ECG) are continuously monitored during the test using a 
noninvasive validated method [13].

During HUT, most patients with a history of probable vasovagal syncope develop 
pre-syncope or syncope that can be diagnosed as vasovagal syncope based on the 
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reproduction of characteristic symptoms and the observation of physiological 
changes typical for vasovagal syncope. In contrast, most subjects without a history 
of syncope do not faint during HUT [70]. It is important to note that HUT, when 
positive, merely suggests predisposition to vasovagal syncope and does not confirm 
the cause [28]. That is, a positive HUT, including reproduction of symptoms along 
with a characteristic circulatory pattern of vasovagal syncope, does suggest that a 
vasovagal reflex is likely. However, a negative HUT does not exclude vasovagal 
syncope as the underlying diagnosis [12]. A typical vasovagal reflex during HUT is 
displayed in Fig. 13.3.

In adjunction to HUT, BP, heart rate, and ECG may be recorded during the 
Valsalva maneuver. An excessive fall of BP during this test may occur in patients 
with suspected situational syncope and may lead the thought of the physician to this 
diagnosis.

• Twenty-four hours ambulatory BP monitoring may be used in order to detect 
diurnal changes in BP and whether symptoms suggestive of pre-syncope are 
indeed associated with episodes of low BP [12].

• Prolonged electrocardiographic monitoring may help the physician to correlate 
symptoms with arrhythmia. Whereas an episode with both sinus arrest and atrio-
ventricular block during syncope is highly suggestive of vasovagal syncope with 
cardioinhibition, a syncope episode associated with normal sinus rhythm may 
still be due to reflex syncope with dominant vasodepression. A strategy involving 
the sequential use of carotid massage (described in detail under Sect. 13.3.2), 

Fig. 13.3 Vasovagal syncope. Beat-to-beat blood pressure (mmHg) and cerebral oxygen satura-
tion (%) in the upper panel with heart rate (bpm) depicted in red in the lower panel during head-up 
tilt in a 68-year-old woman leading to an onset of vasovagal reflex and syncope after sublingual 
nitroglycerine administration
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HUT, and prolonged electrocardiographic monitoring has been shown successful 
for identifying those patients aged >40 years in which a pacemaker may prevent 
syncope, probably because vasovagal syncope with cardioinhibition is the likely 
diagnosis in many of these cases [71].

Treatment
The benign nature of reflex syncope means that the treatment is directed at reducing 
symptoms and improving quality of life rather than influencing the prognosis. The 
treatment options can be divided into education and lifestyle interventions, pharma-
cological treatment, and, in highly selected cases, pacing therapy. Many of interven-
tions are the same as in the group of patients with POTS, as summarized in Table 13.3.

The first line of treatment, which should be started in all patients without specific 
contraindications, involves reassurance, education, and general advice including 
adequate fluid and salt intake [28]. Of note, after the diagnosis of reflex syncope has 
been confirmed, most patients stop fainting even in the absence of specific therapy. 
Moreover, the number of episodes in the preceding year is highly predictive of the 
number of episodes in the coming year [72], meaning that in patient with no epi-
sodes in the recent year, a conservative approach is usually warranted.

The education of patients with vasovagal syncope includes recognizing the pro-
dromal symptoms of autonomic activation and taking adequate countermeasures. 
This includes physical counter pressure maneuvers that can instantly increase BP, 
such as isometric activation of large muscle groups [60].

The pharmacological strategy that can be applied in reflex syncope involves 
medications that can increase or stabilize BP. Accounting for the high prevalence of 
comorbidities in elderly subjects, the first pharmacological intervention should be 
trying to reduce or optimize any agents that may decrease BP. Antihypertensive 
agents may be reduced or moved to the evening [2, 28, 73]. The next step in the 
pharmacological intervention strategy includes adding medications that may 
increase and stabilize BP. Midodrine is an alpha-agonist that increases vascular tone 
and has proved effective in small studies [12]. Fludrocortisone, another drug that 
may be used, works by increasing sodium retention, thereby increasing plasma vol-
ume and reducing the propensity to vasovagal reflex activation. This agent has 
shown a moderate effect on syncope in randomized trials [74]. Beta-blockers have 
been tried for preventing vasovagal reflex syncope, however, randomized trials have 
largely failed do demonstrate a positive effect [12].

The important therapy in vasovagal syncope is the implantation of a cardiac 
pacemaker, which may be effective in the case of dominant cardioinhibition [75]. 
Recent guidelines suggest that cardiac pacing should be considered in patients over 
40  years, with spontaneous documented symptomatic asystolic pauses >3  s or 
asymptomatic pauses >6 s caused by sinus arrest and/or atrioventricular block [12]. 
Cardiac pacing may also be considered in patients over 40 years with frequently 
recurring unpredictable syncope, in whom HUT triggers asystole [12]. Of note, pac-
ing therapy has shown to be more efficient, if HUT does not demonstrate a 
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concurrent hypotensive susceptibility [76]. In case of asystole, the hypotensive sus-
ceptibility should be counteracted (for example, by decreasing antihypertensive 
agents) in order to potentially increase the efficacy of cardiac pacing [12].

13.3.1  Orthostatic Vasovagal Syncope

Vasovagal reflex syncope is commonly triggered during standing, especially during 
pronged standing in, for example, hot or crowded places, even though vasovagal 
reflex syncope may also occur in sitting in some situations. Vasovagal reflex syn-
cope that occurs during these situations is usually referred to as orthostatic vasova-
gal syncope [12].

During the orthostatic vasovagal reflex, four phases can be observed, even though 
the time spent in each phase may vary [63]:

During phase 1, a change from supine to the upright position rapidly results in a 
shift of 0.5–1 L of blood volume from the thorax into vessels below the diaphragm, 
due to the gravitational forces. The reduction in central blood volume leads to a 
decrease in cardiac output, due to an incapacity of the heart rate to compensate for 
the fall in stroke volume. The compensation mechanisms during phase 1 involves 
baroreflex-mediated reflexes, which activate vasoconstriction in skeletal and 
splanchnic vascular beads, leading to increased systemic vascular resistance.

Phase 2 denotes the start of a circulatory instability and is characterized by a 
gradual fall in BP. Cardiac output falls in nearly all adult patients during this phase 
due to reduced central blood volume, whereas isolated vasodepression may occur in 
young patients.

Phase 3 involves the terminal hypotension, which results from a fall in cardiac 
output, with or without a fall in systemic vascular resistance. This phase involves a 
steep fall in BP and various involvement of bradycardia. This phase occurs at the 
same time as the development of the characteristic autonomic symptoms. Even 
though bradycardia is usually preceded by a fall in BP, some patients may develop 
asystole early during phase 3 with little or no warning, and these are the patients 
that, in selected cases, may benefit from pacing therapy [12, 75, 77].

The fourth and final phase involves the recovery of BP and heart rate after the 
patient has regained the supine position. During the supine position, there is an 
instant shift of blood from capacitance vessels below the diaphragm into the right 
atrium. This leads to rapid recovery of preload, stroke volume, and consequently 
cardiac output.

The phase 2 described above may vary in length and particularly in older sub-
jects, and this phase may be of long duration. In some of these cases, this phase may 
correspond to delayed OH rather than vasovagal reflex activation. Delayed OH may 
in turn trigger the vasovagal reflex [4]. A typical such as is displayed in Fig. 13.2.

In the investigation of the physiology of Vasovagal syncope, a number of hor-
monal changes have been proposed as possible clues towards the mechanisms. 
Many studies converge on the role of epinephrine as a central hormone in Vasovagal 
syncope. The “epinephrine surge” hypothesis has been supported by several studies 
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and stipulates that an early and greater rise in epinephrine contributes to the reflex 
as a trigger for vasovagal syncope; the higher the rise in epinephrine during initial 
phase of orthostatic provocation, the earlier vasovagal syncope occurs. Beside epi-
nephrine, vasopressin and nitric oxide have been studied as possible contributors to 
vasovagal syncope [78, 79]. The diagnosis and treatment of orthostatic vasovagal 
syncope follows the treatment of vasovagal syncope in general and have been 
described in the previous section.

13.3.2  Carotid Sinus Syndrome

Reflex syncope that occurs with head rotation or pressure to the carotid sinus (such 
as shaving or with tight collars) suggests carotid sinus mediated reflex syncope. If 
pressure to the carotid sinus, such as during carotid sinus massage, leads to asystole 
for more than 3 s or a fall in BP of more than 50 mmHg from baseline, the condition 
is termed carotid sinus hypersensitivity. However, carotid sinus hypersensitivity is a 
common finding in older subjects without syncope, especially when there is coexist-
ing CV disease. Accounting for this, the additional term carotid sinus syndrome is 
used only if there is carotid sinus hypersensitivity with simultaneous reproduction 
of syncope consistent with a reflex mechanism [12]. The prevalence of carotid sinus 
syndrome in subjects over 40 years was found to be 8.8% among 1800 patients that 
performed carotid sinus massage after the initial evaluation [80].

The etiology of carotid sinus syndrome is not completely understood. It is known 
that carotid sinus syndrome is a dysfunction of the autonomic nervous system, 
involving a pathological reflex resulting in cardioinhibition (via the vagus nerve) 
and vasodepression (due to withdrawal of sympathetic activity). This abnormal 
reflex is thought to result from disturbed carotid baroreceptor function and from 
degeneration of the medulla. There is an overlap between carotid sinus syndrome 
and vasovagal syncope, and these two entities may coexist in the same  individual [81].

As described above, carotid sinus syndrome can be diagnosed by performing 
carotid sinus massage. Carotid sinus massage should be performed in patients aged 
over 40 years, with a history of syncope, unexplained falls, and presyncope and in 
whom the history, examination and CV, and neurological tests have not been diag-
nostic. The test must not be performed if the patient has had myocardial infarction, 
transient ischemic attack (TIA), or stroke in the preceding 3  months. In case of 
carotid bruits, ultrasound of the carotid artery should be performed, and carotid 
sinus massage should not be performed if there is a stenosis exceeding 70%.

Carotid sinus massage should be initially performed in the supine position, since 
most patients with carotid sinus hypersensitivity/syndrome show a positive response 
already in this position. In order to increase the chances of a diagnostic procedure, 
the patient should have surface electrocardiogram and BP monitoring (preferably 
beat to beat monitoring) during the whole procedure [13]. After excluding the con-
traindications described above, a distinct longitudinal massage should be applied 
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over the right carotid sinus for 5–10 s. The maximal pulsation of the carotid artery 
should be used in order to guide the site of the massage. It is important to note that 
pressure over the carotid sinus that is too weak or of too short duration will not 
produce a reliable response.

If there is no response (i.e., no asystole and/or fall in BP indicating carotid sinus 
hypersensitivity) on the right side, the same procedure that has been described is 
performed on the left side. Around one-third of subjects has carotid sinus hypersen-
sitivity in standing position only, meaning that the procedure may have to be done 
also in upright position. This then does require a tilt table equipment [82].

Figure 13.4 shows a typical response of carotid sinus syndrome during head-up 
tilt testing.

Despite the lack of high-quality supporting data (i.e., randomized clinical trials), 
current guidelines recommend the consideration of a cardiac pacemaker in patients 
with carotid sinus syndrome with dominant cardioinhibition (i.e., asystole >3 s in 
combination with reproduction of syncope during provocation). In analogy to pac-
ing for vasovagal syncope, any hypotensive susceptibility will decrease the effec-
tiveness of such pacing, meaning that a low BP or OH should be targeted in order to 
increase the chance of a successful outcome of pacing [12, 83].

Fig. 13.4 Carotid sinus syndrome. Beat-to-beat blood pressure (mmHg) and cerebral oxygen 
saturation (%) in the upper panel with ECG and heart rate monitoring depicted in the middle and 
lower panels during tilt test in a 77-year-old man showing a typical response of carotid sinus syn-
drome (=sinus arrest of 6 s)
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