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Orthostatic Hypotension and Drugs:
Drug-Induced Orthostatic Hypotension

Suha Beril Kadioglu and Turgay Celik

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,
a-adrenergic receptor antagonists, calcium channel blockers, diuretics, angiotensin
converting enzyme inhibitors, diuretics, and B-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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Table 6.1 Main drug groups causing orthostatic hypotension

Calcium Channel blockers
Vasodilators (nitrates)
Angiotensin converting enzyme inhibitors
Diuretics

a-Adrenergic receptor antagonists
p-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 « Reduced cardiac » Reduced renin/angiotensin
activity compliance activity

e Decreased arterial compliance |« Reduced cardiac e Decrease in vasopressin

» Increased venous capacity output response (via V, receptors)

o Decreased plasma volume » Reduced renal sodium

» Low cerebral blood flow conservation

e Decrease in vasopressin
response (via V, receptors)

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, a-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
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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].0H 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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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

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
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Blood pressure
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Fig. 6.1 Compensating actions to regulate blood pressure in response to standing

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
a-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 [-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-
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thetic activity, and also renin secretion is increased via §;-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 a-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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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 Clonidine Imipramine Olanzapine Silodosin
Acebutolol Clozapine Indapamide Olmesartan Sitagliptin
Alfuzosin Codeine Irbesartan Olsalazine Sitaxsentan
Amantadine Conivaptan Irinotecan Oxcarbazepine Sodium nitroprusside
Amiloride Dacarbazine Isocarboxazid Oxprenolol Sparfloxacin
Amisulpride Dapagliflozin Isosorbide Oxycodone Tacrolimus
Amitriptyline Delavirdine Itraconazole Oxymorphone Tadalafil
Amlodipine Deprenyl Ivermectin Paclitaxel Tamsulosin
Ampbhotericin B Desmopressin Ketoconazole Paliperidone Telmisartan
Anagrelide Desvenlafaxine Labetalol Parecoxib Terazosin
Apomorphine Diazepam Lamotrigine Paroxetine Tetrabenazine
Aripiprazole Diltiazem Lercanidipine Pergolide Thalidomide
Asenapine Dipyridamole Leuprorelin Perindopril Thiazide
Atenolol Docetaxel Levodopa Perphenazine Tiagabine
Atorvastatin Dolasetron Levomepromazine Phenelzine Tizanidine
Azilsartan Donepezil Linaclotide Phenoxybenzamine | Tolvaptan
Baclofen Dothiepin Lisuride Phentolamine Topiramate
Benazepril Doxazosin Losartan Phenylephrine Tramadol
Bendrofluazide Doxorubicin Loxapine Phenytoin Trazodone
Betahistine Duloxetine Lurasidone Pimozide Trospium chloride
Bisoprolol Empagliflozin Maprotiline Pindolol Valproate
Bortezomib Entacapone Maraviroc Polythiazide Valsartan
Bosentan Eplerenone Mecamylamine Posaconazole Vardenafil
Bretylium Eprosartan Medroxyprogesterone | Pramipexole Venlafaxine
Bromocriptine Eslicarbazepine Memantine Prazosin Verapamil
Bupivacaine Ethionamide Meperidine Pregabalin Vinflunine
Buprenorphine Etoricoxib Methadone Propafenone Voriconazole
Bupropion Felodipine Methysergide Prostacyclin Zaleplon
Cabazitaxel Fenoldopam Metolazone Protriptyline Ziconotide
Cabergoline Fentanyl Metoprolol Quetiapine Ziprasidone
Canagliflozin Finasteride Mirtazapine Quinapril Zolmitriptan
Candesartan Flunitrazepam Mitotane Quinaprilat Zolpidem
Capecitabine Fluoxetine Moexiprilat Quinidine

Captopril Fluvoxamine Morphine Ramipril

Carbamazepine Fosinopril Moxifloxacin Ranolazine

Carbidopa Fosphenytoin Moxonidine Rapamycin

Carisoprodol Furosemide Mycophenolate Rasagiline

Carvedilol Gadobutrol Mycophenolic acid Reboxetine

Cevimeline Galantamine Nabilone Rifapentine

Chlorpromazine Granisetron Nefazodone Riluzole

Chlorthalidone Guanfacine Niacin Risperidone

Cidofovir Halofantrine Nicardipine Ritonavir

Cilazapril Haloperidol Nicorandil Rivastigmine

Cilostazol Hydrochlorothiazide | Nifedipine Ropinirole

Ciprofloxacin Hydroflumethiazide | Nisoldipine Ropivacaine

Cisplatin Hydromorphone Nitroglycerin Rotigotine

Citalopram Tbutilide Norfloxacin Sertraline

Clomipramine Icodextrin Nortriptyline Sibutramine

Clonazepam Tloperidone Ofloxacin Sildenafil

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.
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6.8 «-Adrenergic Receptor Antagonists

Antihypertensive mechanism of action ofa-adrenergic receptor antagonists is the
selective blockade of postsynaptic o; 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 o, 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].a, 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—Xkinin 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

B-Adrenergic receptors have three subtypes: 1, f,, and ;. 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]. p-adrenergic receptor antagonists decrease blood pressure by blocking p;
adrenergic receptors, decreasing cardiac output and inhibiting the stimulation of
renin production. The cardiac-selectivity, partial agonist activity, and associated
vasodilating properties of B-adrenergic receptor antagonist drugs, originated from
the receptor selectivity and emphasize their pharmacodynamics properties. Some
B-blockers having partial agonistic activity or intrinsic sympathomimetic activity,
also having inhibitor activity both on o and f§ 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,
B-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 (D,) 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 D, receptors especially in
the mesolimbic and striatal-frontal pathways [36].Although the most of effective
antipsychotic drugs block D, receptors, the levels of this blockade varies consider-
ably among drugs and blockade of a adrenergic, muscarinic, H; 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 o 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 H,) receptor, causing weight gain and sedation. In addition to these, OH
due to the o; 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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