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Abstract

Introduction: Hypertension is defined as a systolic blood pressure over 140mmHg or a diastolic
blood pressure above 90mmHg. It presents with social, environmental, and genetic risk factors
and is classified according to severity or causal factors. Hypertension produces an increased
risk of cardiovascular complications, with many pharmacological treatments causing oral

complications or interactions with common drugs.

Objectives: To review risk factors and treatment options of hypertension and how these will
influence pharmacological and nonpharmacological considerations that must be made when

treating patients.

Materials and Methods: Systematic search and review of trusted scientific databases,
analysing 41 articles pertaining to hypertension, its aetiology, classification, treatment, drug

interactions and specific considerations for patients.

Discussion: Xerostomia and dysgeusia are shared oral side effects of all antihypertensives
reviewed. Lichenoid reactions are a common side effect of diuretics and beta blockers.
Notably calcium channel blockers are linked to the appearance of gingival hyperplasia. ACE
Inhibitors and angiotensin Il blockers are associated with angioedema. Vasoconstrictors have
an exacerbating effect on hypertension. A maximum dose of 0.36-0.54mg of epinephrine
poses little risk to hypertensive patients. When using epinephrine with beta blockers,
increased hypertension, hypertensive crisis, and bradycardia may occur. Using epinephrine
with diuretics may cause the potential development of arrhythmias. NSAIDs cause increased
sodium and water retention, producing increases in blood pressure. The effectiveness of all

antihypertensives reviewed is reduced due to the contradictory effects of NSAIDs. Pre-



sedation of anxious patients may be indicated with use of Benzodiazepines or Nitrous oxide.
Increased haemorrhagic risk can be controlled through local haemostatic agents and

monitoring of blood pressure throughout treatment.

Conclusion: Patients must be evaluated individually and precautions such as control and
education of risk factors, use of vasoconstrictor with local anaesthesia, complications
associated with NSAIDs or even possible need of pre-sedation, should be taken when

indicated.

Resumen

Introduccion: La hipertensién se define como una presion arterial sistélica superior a 140
mmHg o diastdélica superior a 90 mmHg. Se presenta debido a factores de riesgo sociales,
ambientales y genéticos y se clasifica segln su gravedad o factores causales. La hipertension
produce un mayor riesgo de complicaciones cardiovasculares, y muchos tratamientos

farmacoldgicos provocan complicaciones orales o interacciones con farmacos habituales.

Objetivos: Revisar los factores de riesgo y las opciones de tratamiento de la hipertensidn,
y como estos influyen en las soluciones farmacoldgicas y no farmacoldgicas que se deben

tener en cuenta al tratar a los pacientes.

Materiales y Métodos: Busqueda y revisidon sistematica de bases de datos cientificas,
analizando 41 articulos relacionados con la hipertension, su etiologia, clasificacion,

tratamiento, interacciones médicas y consideraciones especificas para los pacientes.

Discusion: La xerostomia y la disgeusia son efectos secundarios orales compartidos por todos

los antihipertensivos revisados. Las reacciones liquenoides son un efecto secundario comun



de los diuréticos y los betabloqueantes. En particular, los bloqueadores de los canales de calcio
estan relacionados con la aparicidon de hiperplasia gingival. Los inhibidores de la ECA y los
bloqueadores de la angiotensina Il estan asociados con el angioedema. Los vasoconstrictores
tienen un efecto agravante sobre la hipertensién. Una dosis maxima de 0,36-0,54 mg de
epinefrina presenta un riesgo minimo para los pacientes hipertensos. Cuando se usa
epinefrina con betabloqueantes, puede ocurrir un aumento de la hipertensién, crisis
hipertensiva y bradicardia. El uso de epinefrina con diuréticos puede provocar el desarrollo
potencial de arritmias. Los AINE provocan un aumento de la retencién de sodio y agua, lo que
produce un aumento de la presion arterial. La eficacia de todos los antihipertensivos revisados
se reduce debido a los efectos contradictorios de los AINE. La sedacion previa de pacientes
ansiosos podria ser tratada con benzodiazepinas u oxido nitroso. El aumento del riesgo
hemorragico se puede controlar mediante agentes hemostaticos locales y monitorizacién de
la presion arterial durante todo el tratamiento. Conclusidn: Los pacientes deben ser evaluados
individualmente y se deben tomar precauciones como el control y educacién de los factores
de riesgo, el uso de vasoconstrictor con anestesia local, las complicaciones asociadas con los

AINE o incluso la posible necesidad de sedacién previa cuando esté indicado.
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Introduction

Hypertension is considered one of the leading causes of cardiovascular mortality worldwide
and one of the most ubiquitous pathologies, affecting 1.3 billion people globally according to
the most recent World Health Organisation figures (1,2). The most common definition of
hypertension is clarified by the Joint National Committee on the Prevention, Detection,
Evaluation and Treatment of High Blood Pressure in 2003 (JNC 7) as a systolic blood pressure
of over 140 mmHg or a diastolic blood pressure of above 90 mmHg. These values have been
selected as studies have shown that patients with blood pressure above these values exhibit
a greater risk for cardiac complications (3). These patients also will exhibit a beneficial

outcome when taking antihypertensive medications. (4)

According to the systolic and diastolic values of a patient, their hypertensive condition is
classified into the following categories: Normal Blood Pressure as systolic <120 mmHg and
diastolic <80 mmHg, Prehypertension as systolic 120-139 mmHg or diastolic 80-89 mmHg,
Stage 1 Hypertension as systolic 140-159 mmHg or diastolic 90-99 mmHg and Stage 2

Hypertension as systolic 2160 mmHg or

Stages of hypertension  Range for systolic and diastolic blood

pressure
diastolic >100 mmHg (2) . The  Normal blood pressure Systolic <120 mmHg and diastolic
<80 mmHg
Prehypertension Systolic 120-139 mmHg or diastolic
Prehypertension category Was recently 80-89 mmHg
Stage | hypertension Systolic 140-159 mmHg or diastolic
. S . 90-99 mmHg
added to the EX|St|ng CIaSSlflcatlon as it Stage 2 hypertension Systolic =160 mmHg or diastolic
=100 mmHg
was shown that those patients with an " Peremshe ey i:::,rl: rypere ;r:':;fdr::szl::::::m
damage
elevated blood pressure value Within these Hypertensive Severe ?ypertansion !diastolic pressure
emergency usually =120 mmHg); end-organ damage

“White coat” hypertension Elevated blood pressure secondary to fear
pa rameters exhibit a hlgher risk Of and anxiety from a health care provider

Table 1. Classification of Hypertension according to JNC7 (2)

developing hypertension.



As you can see from Table 1 additional subcategories are outlined according to the
classification of INC7, such as hypertensive crisis. This is defined as when a patient is exhibiting
a blood pressure value systolic >180 mmHg or diastolic >120 mmHg. This subcategory can be
further divided into two types: hypertensive urgency and hypertensive emergency.
Hypertensive urgency is defined as severe hypertension with values of systolic >180 mmHg or
diastolic >120 mmHg but does not cause end organ damage, whilst hypertensive emergency

will lead to end organ damage (2).

White coat hypertension is defined as when a patient presents with a higher than normal
blood pressure value within the dental office and clinical setting compared to a “normal”
lower value when outside of the dental clinic. This diagnosis can be confirmed using an at
home blood pressure monitoring system or 24-hour ambulatory monitoring with values
<130/80 mmHg. It is not yet proven that White Coat Hypertension leads to an increased
cardiovascular risk in dental patients, with some studies showing that its cardiovascular risk
can be approximated to that of normal blood pressure, yet we can assume that an increased

blood pressure of a patient in the dental setting can lead to implications in various fields such

as haemostasis (3,4,5).

Primary vs Secondary

Classification based on the pathophysiology and aetiology is commonly used in medicine and
divides patients into those with primary or essential hypertension and secondary

hypertension.

Primary hypertension is defined as repeated increased blood pressure levels without any

known causative factors or evidence of an organic cause. (2,4) This type is the most frequent,
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accounting for 90-95% of all hypertension cases (4) and is widely accepted as a combined
result of environmental and genetic factors (6,7). Unlike secondary hypertension, this type is
incurable but can be managed with changes in lifestyle, modifications of prevalent risk factors
a patient may exhibit, and the use of antihypertensive medication. (6) The most predominant
environmental factors include a sedentary lifestyle, obesity, habits such as high alcohol
consumption or smoking, high sodium and high cholesterol diet, Age (>55yrs for men and
>65yrs for women), and family history of cardiovascular disease (4,6,7). According to the
Seventh Report on the Joint National Committee on Prevention, Detection, Evaluation and
Treatment of High Blood Pressure 2004 (JNC6), other environmental factors leading to
essential hypertension also include high levels of stress, use of contraceptives, menopause,
race, reduced nephron number, diabetes, dyslipidaemia, personality/depression,
Hypovitaminosis D, low education and socioeconomic status. (2,8). These social factors such
as race, education and socioeconomic status can likely be attributed to differing diets,
attitudes to healthcare, provision of healthcare and inequality in healthcare related

information, regarding specific communities (2,8).

Genetic mutations can lead to Primary/Essential hypertension, through affectation of sodium
levels due to increased activity of the endocrine and sympathetic nervous system leading to
an increased release of sodium which in turn leads to elevated blood pressure levels (6).
Affectation of other facets such as catecholamines, insulin levels and cell membrane function
alsoin turn leads to increased blood pressure levels, whilst one of the most important systems
affected is the Renin-Angiotensin-Aldosterone system (4,6). This system controls body fluid
volume and electrolyte balance which will affect the blood pressure, neuronal and endocrinal

control of the cardiovascular system (9). Angiotensin Il is responsible for vasoconstriction and
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release of aldosterone once it binds to its specific receptors. In turn, aldosterone decreases
renal perfusion leading to an increase in water retention and increased renal absorption of
sodium (6,9). When genetic mutations associated with this system occurs, it can lead to an

increase in levels of angiotensin Il and therefore a higher blood level in vasoconstricted vessels

(6).

Secondary hypertension is elevated blood pressure levels in response to an underlying
disease, medical condition, or a reaction to medications. Unlike primary hypertension this has
identifiable organic causes. (2,4,10). This form of hypertension theoretically can be cured by

removing the causative medication or treating the underlying medical condition (6).

The most common causative factor leading to secondary hypertension is renal disease, as the
reduced renal function leads to fluid accumulation in vasculature which leads to an increase
in blood pressure. The conditions below have all been found to have associations with

secondary hypertension.

Renal Factors: chronic renal failure, nephritis, papillary necrosis, renal vascular disease, renin
secreting tumours, renal vascular stenosis, polycystic kidney disease, renal infarction, and

infection (2,4,11)

Endocrinal factors: Diabetes mellitus, Cushing syndrome, pheochromocytoma, myxoedema,

acromegaly, thyroid and parathyroid Hyperfunction (2,4)

Cardiovascular Factors: coarctation of the aorta, Takayasu’s, arterial stenosis (2,4,11)

Medications: corticosteroids, cyclosporine, contraceptives, NSAID, sympathomimetic drugs,

some antidepressants, and oestrogens. (6,11). The most common drugs leading to secondary



hypertension are NSAIDs, whose actions decrease production of prostaglandins.
Prostaglandins play a key role in vasodilation and sodium excretion. Considering their
prevalence in the day to day life of many patients and the use in dentistry to manage pain, the
link between hypertension and NSAIDs is especially pertinent (6). Other factors contributing
to secondary hypertension include sleep apnoea, alcohol consumption, drug abuse,

polyarthritis, hypercalcemia, and pregnancy toxaemia (2,4,7).

Treatment of Hypertension

For successful treatment of secondary hypertension, one must understand that treating the
underlying medical condition or adjustment of the causative drug will lead to a reduction in
blood pressure and successful treatment of hypertension (10). To treat essential hypertension
on the other hand, the dentist must understand that it is a condition with multiple aetiologies
(genetic, environmental, and pathological) and risk factors and therefore no single patient is

identical in their response to treatment.

All patients regardless of aetiology of the condition should be given the same lifestyle advice
and modifications in order to decrease blood pressure (6,10). High sodium intake, sedentary
lifestyle and being overweight are all environmental factors that can be modified to lower
blood pressure and decrease risk of hypertension. Common non-pharmacological

recommendations include;

- increased activity and exercise in day to day lifestyle
- decrease in sodium intake and adjustment of diet, especially focusing on limiting
sweets, sugary beverages, and red meat (6,10)

- promoting the consumption of fruits, vegetables, grains, poultry, and fish (10)
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- decrease in alcohol consumption and smoking (4,6)

- removal or avoidance of stress causing factors in daily lifestyle (6)
When non-pharmacological measures have not decreased the blood pressure of a patient,
pharmacological measures can be employed. This includes treatments with diuretics, beta
blockers, calcium channel blockers, ACE inhibitors, angiotensin Il receptor blockers and alpha
blockers (2). Treatment through medication may involve taking a combination of these
medications and a dentist must be aware of the dose, side effects and common drug

interactions of each of these agents (2).

To understand how these aforementioned antihypertensive drugs interact with commonly
used drugs and products in dentistry, one must understand how each drug works and the

physiological actions they take to decrease the blood pressure of the patient.

Diuretics — These drugs work by increasing the amount of sodium, chloride and water that is
excreted by the body through the inhibition of reabsorption by the kidneys (2,12). This action,
in turn, leads to a decrease in blood volume, cardiac output and therefore blood pressure
(12,13). With this decrease in blood volume and cardiac output, it prompts the renin-
angiotensin-aldosterone system and the sympathetic nervous system to increase sodium and
water retention once again. This will lead to an increase in extracellular fluid volume and
therefore blood volume, but the blood pressure of the patient will not increase to levels
before starting the treatment with thiazide diuretics, as there is a decrease in peripheral

vascular resistance (2,12)

Beta Blockers — The action of these drugs is to bind to the beta receptors found both in the

heart and body, beta-1 receptors are found in the heart and beta-2 receptors found in the



lungs (2,13). They work by decreasing the heart rate of patients and the strength of the
contractions of the heart, through their actions as competitive antagonists (14). Beta blockers
bind to beta receptors in which catecholamines such as adrenaline and noradrenaline also
bind, therefore acting as competition. Catecholamines such as these are responsible for
increasing heart rate and contractions of the heart (14). Beta blockers can present as both
selective, which only bind to beta-1 receptors on the heart and avoid binding to beta-2
receptors, or non-selective which can bind to both beta-1 and beta-2 receptors, therefore
leading to the stimulation of the receptors on the lungs and affectation of smooth muscle cells
(2,13,14). In patients that present with pulmonary problems or breathing difficulty, selective
beta blockers may present with an advantage (13,14). When using beta blockers over a
prolonged period of time, patients can also present with a secondary mechanism of decreased
blood pressure in which peripheral vascular resistance is decreased, yet this is not a direct

action of this drug (14).

Calcium Channel Blockers — As the name suggests, calcium channel blockers bind to calcium
channels in blood vessels and stop the entry of calcium, into both the blood vessels and the
smooth muscle cells (10,2,13). By preventing the entry of calcium, it allows relaxation of the
smooth muscle in vasculature, therefore leading to vasodilation and therefore a decrease in
blood pressure (10,2). Within this class of drugs, we find two main subcategories,
dihydropyridine and non-dihydropyridine. The former are more selective on smooth muscle
cells and vasodilation whilst the latter have a more cardiac focused effect (2,15). Non-
dihydropyridine calcium channel blockers have a negative chronotropic and ionotropic effect,
meaning they decrease heart rate and contractability of the heart, leading to a decrease in

blood pressure (2,13,15).



ACE Inhibitors - As mentioned previously, the renin-angiotensin-aldosterone system plays a
key role in the regulation of blood pressure in patients. This specific set of drugs lower the
blood pressure of the patient by preventing the conversion of angiotensin | to angiotensin Il
(10,13). Angiotensin Il is responsible for vasoconstriction, increase in cardiac output and the
production of aldosterone, which in turn is the compound responsible for retainment of both
sodium and water, thereby producing an increase in blood pressure due to an increase in
blood volume (10,16). By preventing this formation of angiotensin Il and aldosterone, ACE

inhibitors have been proven to lower blood pressure in hypertensive patients (10,13).

Angiotensin Il Blockers — Much like the action of beta blockers, angiotensin Il blockers act as
competitive agonists for the angiotensin Il receptors in vascular smooth muscle cells,
therefore not allowing the vasoconstrictive effects to take place. This action leads to a
vasodilatory effect and a reduction in peripheral resistance, therefore lowering blood

pressure. (2,10,17).

Alpha Blockers — Alpha blockers work by binding to the alpha-adrenergic receptors found in
smooth muscle cells of vasculature (2). They act by impeding vasoconstricting sympathetic
transmitting compounds such as norepinephrine from binding to the receptors and therefore
lead to vasodilation and a reduction in peripheral vascular resistance leading to a lower blood

pressure (2,13).



Objectives

Primary Objective: To understand the different stages and classifications of Hypertension,
including the risk factors and treatment options of this pathology, and how these will influence
day to day practice in dentistry and the special considerations that must be made when

treating these patients.

Specific Objectives:

- Tooutline the common oral side effects of antihypertensives and interactions between
antihypertensive treatments and commonly used drugs in dentistry.

- To briefly outline the special considerations that must be taken when performing
invasive or surgical treatment of a hypertensive patient e.g. use of vasoconstrictor and

haemostatic measures



Methodology

By completing a systematic search and review from the following trusted scientific databases:
PubMed, Medline, Mendeley, Cochrane Library, Scopus and Web of Science using keywords
such as “arterial hypertension”, “hypertension”, “hypertensive”, “oral cavity”, “dental
health”, “dentistry”, “antihypertensive interactions” “antihypertensive therapy”
“antihypertensive complications” etc. Various search filters and parameters were applied to
these scientific databases to find the most relevant articles. For example, primarily articles
from the last 10 years were utilised but age was not considered as an exclusion criteria. To
begin research, only review articles were compiled and used to give a brief overview of the
condition. Specific articles outlying points of considerations that must be taken for a
hypertensive dental patient were then utilised e.g. drug interactions, oral side effects,
haemostatic measures, and prescription cautions. After compiling the aforementioned

articles, a total of 41 articles were analysed and reviewed for this paper.

10



Discussion

Side Effects of Antihypertensive Drugs

As a dentist, when treating a patient that is suffering from hypertension, arguably the most
crucial aspect of the interaction is a clear and thorough clinical and medical history being
taken. In order to treat a patient successfully and safely, the dentist must be well informed of
the nature, severity, and stability of any conditions the patient may have suffered from in the
past or is currently suffering from. When taking the history, it is important to gauge the

functional capacity of the patient and the emotional status of the patient.

The first consideration one must take, when treating a hypertensive individual, is the
medication they may be taking to treat their hypertension. A dentist must have basic
knowledge and familiarity with common hypertensives and understand the common side

effects of each drug both orally and systemically.

1. Diuretics — Chlorthalidone, Hydrochlorothiazide, Indapamide, Metolazone (4,10)
Common side effects of prolonged use of diuretics can include hypokalaemia,
hyperlipidaemia, constipation, hyperglycaemia, muscle cramps, headache, increased

perspiration, and increased urination.

The most common oral side effects associated with this medication include xerostomia (dry
mouth), which in turn are likely to have dental implications such as increased risk of
development of caries, oral candidiasis and burning mouth syndrome, as well as problems
which deglutition, mastication and phonation. (2,4,10,13). Problems associated with the

retention of a prosthesis must also be considered with this condition (3). When presented
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with a patient displaying the sign and symptoms associated with a dry mouth, the dentist must
consider treatment with parasympathomimetic drugs such as Pilocarpine or Cevimeline in
order to increase salivary production once more (3,4). After prescription, the dentist must
revise with the patient at a later date to confirm the cessation of symptoms or consider a

consultation with the physician of the patient to switch antihypertensive drugs.

In a study performed by the department of Oral Medicine and Radiology at Narayana Dental
College in India, 100 patients were split into a control group and a test group, taking oral
diuretics. The following parameters were analysed: total volume of saliva, saliva pH, buffering
capacity, sodium, potassium, chloride, and protein levels (18). The study found that the set of
patients taking diuretics had a highly significant difference in salivary flow rate both stimulated
and unstimulated, salivary pH and buffering capacity, periodontal index, plaque index and a
moderate significant difference in DMFT (Decayed, Missing or Filled Teeth). The study
concluded that patients taking diuretics have a decreased salivary flow rate stimulated and
unstimulated, pH, buffering capacity and sodium and chloride levels and also present with a

higher prevalence of xerostomia, periodontitis, and decay (18).

A relationship between use of diuretics and the appearance of lichenoid reactions has also
been proven and whilst clinically similar to Lichen Planus, the distinguishable presence of
Wickham’s Striae cannot be identified (4,19). Treatment of this may be to cease use of the
antihypertensive drug in question and switch to another, or if this is not possible treatment
with topical corticosteroids. In cases such as this the dentist must consider a consultation with

the prescribing physician (4).
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2. Beta Blockers — Metoprolol, Atenolol, Nebivolol, Bisoprolol (2)

Nonselective Beta Blockers - Carvedilol, Propranolol, Nadolol, Sotalol (2)

Similar to diuretics, beta blockers can also present with oral side effects such as xerostomia
i.e. dry mouth and the presence of lichenoid reactions (2). Unlike diuretics, beta blockers have
been found to cause dysgeusia or taste changes in their users, whilst it has been postulated
that these taste changes may be as a result of decreased salivary production associated with
prolonged use of beta blockers. One study researching the relationship between beta blockers
and the perception of taste concluded that participants using beta blockers did present with
a decrease in unstimulated salivary flow, but this did not stimulate dysgeusia (20).
Hypothesises have been made in which the variance in the perception of taste can be

attributed to metal ion content within the saliva, for example magnesium (3).

3. Calcium Channel Blockers — Amlodipine, Felodipine, Nifedipine, Isradipine,
Nicardipine, Nisoldipine (2,10)

Calcium channel blockers present with oral side effects such as xerostomia and changes in
taste (2,13). The most notable side effect a dentist must consider when presented with a
patient taking calcium channel blockers is the possible development of gingival hyperplasia or
enlargement (2,3,4,13,17). According to studies, the occurrence of gingival growth occurs in
1.7-38% of cases (2,13), with the most common cause to be use of Nifedipine (2). As previously
mentioned there are 2 classes of calcium channel blockers, dihydropyridine and non-
dihydropyridine and whilst it is a much more common side effect of the former class, there
are cases documented in which non-dihydropyridine calcium channel blockers have caused

gingival hyperplasia (3).
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With this condition the patient will present with swollen and enlarged, painful and bleeding
gums, and whilst a good oral hygiene regimen from the patient may help to avoid its
development (4) the most advised treatment is gingival surgery to help resolve the pain and
haemorrhaging such as gingivectomy, laser gingivectomy or flap surgery (21). However,
studies have shown a 34% rate of recurrence 18 months after periodontal surgery if the
patient has not discontinued use of the responsible drug (21). In order to fully and correctly
treat this condition without risk of recurrence, the dentist should consult with the physician
of the patient to stop use of the calcium channel blocker and switch to another drug, or adjust
the dose of the drug (13,4,21). Non-surgical treatment options are mainly those that help
reduce any inflammatory factors that could exacerbate the condition. These include control
and reinforcement of correct oral hygiene techniques of the patient, proper root debridement
if necessary and adjustment of plaque retentive sources such as open contact points or

furcation defects etc (21).

4. ACE Inhibitors — Captopril, Ramipril, Enalapril, Lisinopril, Benazepril, Fosinopril,
Moexipril, Perindopril, Quinapril (2,10)

Like most antihypertensive medication, ACE Inhibitors present with xerostomia, but its side
effects can also include a change in taste (dysgeusia), ageusia and ulceration (2,4). The most
outstanding side effects of this medication is the dry cough associated with it and the
development of angioedema (17). Angioedema can be clarified as the well delimited oedema
of the subcutaneous or submucosal layers of the skin commonly in the face and neck area and
is mediated by bradykinin or mast cell or mast cell mediators (22,23). Both the dry cough and
the angioedema are likely explained by the increase in peptides and bradykinin (17). The

formation of angioedema occurs as bradykinin causes vasodilation and increased vascular
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permeability and is usually broken down by Angiotensin Converting Enzyme (ACE). As the
name suggest ACE Inhibitors reduce the degradation of bradykinin and Substance P, another
vasodilator, leading to an accumulation of these compounds. As a consequence of this, there
is increased extravasation of fluid into the subcutaneous and submucosal layers of the skin
leading to potentially life-threatening angioedema (22). Treatments of this condition are still
up for debate to this day, as there is no single pharmacological treatment that has been proven
to rectify drug induced angioedema, although the most commonly prescribed treatments are
antihistamines, steroids or epinephrine, to varying degrees of success. In life threatening
situations in which there is no response to a pharmacological approach, tracheal intubation
will be considered (22). A dentist must consider this side effect and look for any signs of this

and consult with the physician immediately to ascertain the best course of action.

5. Angiotensin Il Blockers — Losartan, Valsartan, Irbesartan, Candesartan, Telmisartan,
Olmesartan, Eprosartan, Azilsartan (2,10)

The side effects of this class of drugs are similar to those of ACE inhibitors, in which they also
can lead to xerostomia, loss of taste and angioedema (2,13). Unlike ACE inhibitors, the action
of this set of drugs is not mediated by kinins, hence there is no accumulation of bradykinin
and is therefore thought to have a far lower risk of angioedema (17,24). Whilst this is the
accepted case for angiotensin receptor blockers, there lacks enough evidence to prove there
is truly no effect on bradykinin levels, in fact a previous study analysing bradykinin levels in
patients taking Losartan found that those taking the angiotensin Il blocker did display
increased levels of bradykinin, but further evidence and studies are lacking (24). Dysgeusia is

another side effect of this drug. Studies have shown that angiotensin receptor blockers such
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as Losartan show an association with loss of taste, whilst patients taking Candesartan and

Valsartan display a diminution in taste sensitivity or some other taste changes (25).

6. Nonselective Alpha Blockers - Phenoxybenzamine, Phentolamine

Selective Alpha Blockers — Prazosin, Terazosin, Doxazosin (2)

The most common side effect of alpha blockers is xerostomia or dry mouth, and this can be
attributed to the effect alpha adrenoreceptor antagonists have on the salivary glands. In a
study comparing the effect of alpha adrenoreceptor agonists such as Prazosin, Silodosin and
Tamsulosin, it was concluded that these medications not only have an inhibitory effect on
salivary glands, but also some alpha blockers such as Silodosin are highly specific and effective
in its inhibition of salivary glands (26). The likely cause of this condition is due to the presence
of alpha-1 adrenoreceptors found in the submandibular glands of human, whose activation
leads to the secretion of fluid and electrolytes yet when they are blocked by selective alpha

blockers, this will lead to a diminished salivary flow and dry mouth in patients (26).

Considerations of the Use of Vasoconstrictor

Local anaesthesia with or without a vasoconstrictor is one of the most used drugs by dentists
throughout the world and when presented with a patient suffering from hypertension, the
dentist must consider how best to anaesthetise the patient according to their blood pressure
requirements. In order for pain to be transmitted by a neuron, a threshold level must be
reached in order to propagate an action potential. Local anaesthetics work by blocking the
sodium channels that are present in the cell membranes of neurons, consequently preventing
the movement of sodium throughout the cell, meaning an action potential cannot be reached

and pain is therefore not felt by the patient (27).
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The most common examples of local anaesthesia used in dentistry are included below:

Lidocaine 2% - Lasting 30-45 minutes

Lidocaine 2% + Epinephrine - Lasting 180-300 minutes

Mepivicaine 3% - Lasting 90-120 minutes

Mepivicaine 2% + Epinephrine - Lasting 120-240 minutes

Prilocaine 4% - Lasting 60-240 minutes, depending
on the use of infiltrative or block
technique

Figure 2. Common local anaesthetics and effective working time (28).

The use of vasoconstrictors with local anaesthesia presents with multiple benefits for the
dentist, one of which is outlined in Figure 2. The local anaesthetic, when used in conjunction
with a vasoconstrictor, the most common of which is epinephrine, has a much lower
absorption level in the area of the injection therefore leading to a longer lasting effective time
of the anaesthetic (2,13). This in turn also leads to a decrease in the risk of toxicity of the agent
of the patient due to the slower absorption rate and due to the vasoconstrictive ability of

epinephrine. Haemostasis aid is an added benefit.

Vasoconstrictors within anaesthesia can pose a risk of exacerbating hypertension, angina
pectoris, arrythmias or myocardial infarction when used on a cardiovascular impaired patient
or a patient that presents with uncontrolled hypertension (2). When presented with a patient
displaying blood pressure values >180/100, invasive, non-emergency treatment should be
avoided, and in the situation where they may be presenting hypertensive symptoms such as
headache, chest pain or shortness of breath, the physician of the patient should be contacted
(1,3,13). Studies have shown that in patients with controlled hypertension and blood pressure

boundaries within safe limits, the use of anaesthesia without vasoconstrictor is not
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contraindicated and the treatment plan may continue. In those individuals which present with
uncontrolled hypertension, yet within safe treatment boundaries, it was shown that
epinephrine did not lead to any considerable increase in pulse or blood pressure when a dental
extraction was performed on hypertensive patients (1). The use of epinephrine 1:100,000 in
anaesthesia, with a maximum dose of 0.36-0.54mg showed slight cardiovascular changes in
hypertensive patients but did not confirm any significant risk was posed, therefore this is
considered the maximum dose of epinephrine to give to a hypertensive patient, equating to
2-4 cartridges of anaesthesia, depending on the concentration (1, 2, 13, 29). Whenever
possible when treating a patient with hypertension, the use of anaesthesia with a
vasoconstrictor should be avoided and only used for invasive procedures in which the benefits
of the vasoconstrictor such as the effective duration or hemostasia are required. For non-
invasive procedures such as restorations of teeth without pulp involvement or bleeding risk,
an anaesthesia without vasoconstrictor is recommended. The dentist must consider the
proper technique when performing the injection and avoid injection into blood vessels to
avoid rapid absorption of epinephrine (13). The dentist must consider avoiding the use of extra
epinephrine, when it is not required, for example the use of Epinephrine-soaked retraction

cords can lead to figurative “overdose” and pose cardiovascular risks for the patient (2,3,13).

When considering the use of a vasoconstrictor such as epinephrine on patient with
hypertension the dentist must also be aware of the specific and possible drug interactions that
may occur with common antihypertensives. The most common antihypertensive drug
interaction with a vasoconstrictor is that between beta blockers and epinephrine, and can
have severe consequences leading to increased hypertension, hypertensive crisis, and

bradycardia (1,30,31). Epinephrine is commonly known to have a vasoconstrictive effect due
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to the binding of it to alpha-1 receptors found in smooth muscle cells of vasculature, but it
also has a lesser known vasodilatory effect on other vessels as it binds to the beta-2 adrenergic
receptors in skeletal muscle. This opposing effect it has on itself helps to regulate the
vasoconstrictive effects it performs and is also one of the major advantages it has over other
vasoconstrictors that can be used such as norepinephrine or levonordefrin (30,31). Non-
selective beta blockers such as Propranolol block both beta-1 and beta-2 receptors therefore
not allowing the potentiating vasodilatory effect of epinephrine to occur, and leading to both
hypertension and activation of the baroreceptor reflex of the body leading to reflex
bradycardia (2, 31). In a study in which patients undergoing hypertensive treatment with non-
selective beta-adrenergic blockers, in this case Pindolol, and undergoing dental treatment
with the use of anaesthesia with epinephrine, the study showed that in the group taking non-
selective beta blockers, there was a clear significant increase in both systolic and diastolic
blood pressure and a decreased heart rate, whilst the group not taking antihypertensive
medication displayed a decrease in systolic and diastolic pressure and a decrease in peripheral

vascular resistance (31,32).

Another notable interaction between epinephrine and an antihypertensive drug is with the
use of diuretics. Thiazide and loop diuretics lead to loss of potassium through the urine with
their use, so possible side effects can include hypokalaemia and metabolic acidosis, whilst loop
diuretics are considered “potassium sparing” and therefore have the opposing side effects of
hyperkalaemia (33). Epinephrine as a stand-alone compound can cause hypokalaemia itself,
due to the binding of epinephrine to the beta-2 adrenoreceptors found in skeletal muscle, it

will cause a movement of potassium intracellularly and lead to hypokalaemia of the patient
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(34). The hypokalaemia effect of diuretics can be exacerbated by the use of epinephrine and

thereby cause the development of arrhythmias in patients (2).

Interactions Between Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) and Antihypertensive

Drugs

Non-steroidal anti-Inflammatory drugs, commonly referred to as NSAIDs are widely
prescribed by dentists worldwide in order to aid the patient in the management of pain and
inflammation for any conditions they may present or after an invasive treatment or surgery
such as a dental extraction. The most frequently prescribed NSAIDs prescribed by a dentist
include Ibuprofen, Aspirin or Naproxen. NSAIDs are able to reduce pain of patients by
preventing the formation of prostaglandins, through the inhibition of COX-1 and COX-2
enzymes, which are involved in the production of pain and inflammation. Through this
inhibition of these enzymes the patient is able to control the pain, but non-dental associated
side effects can occur (35). We can classify these drugs into 2 main categories, those that
inhibit COX-1 enzyme and those that inhibit COX-2 enzyme. The NSAIDs associated with the
inhibition of COX-1 enzyme are linked to the development of gastrointestinal side effects (35),
this is most likely due to the large presence of this enzyme in gastrointestinal epithelium (36).
Selective Inhibition of COX-2 enzymes leads to an increase in risk of cardiovascular events
especially in those patients with pre-existing cardiovascular conditions, for example
hypertension (35). Through the action of NSAIDs, formation of prostaglandins is inhibited due
to the inhibition of the COX enzymes. This leads to an increased retainment of sodium and
therefore water, consequently leading to an increase in blood pressure (37). Also, patients

with hypertension present an amplified risk of blood pressure increase, when compared to

20



non-hypertensive patients, as shown in a study performed in 2011, in which it presented an
increase of 1.1mm Hg in the blood pressure of non-hypertensive patients and a much more
significant increase of values up to 14.3mm Hg for systolic blood pressure and 2.3mm Hg for

diastolic blood pressure, in patients previously suffering from hypertension (38).

The dentist must take this knowledge into consideration when presented with a hypertensive
patient in need of pain and inflammation relief. In a systematic review of 32 randomized
controlled trials, which included 3626 participants, the blood pressure of patients was
monitored, and it was concluded that Ibuprofen displayed the greatest occurrence in new
hypertensive cases (39). As Ibuprofen is one of the most common medications prescribed by
the dentist, a dentist must consider the inherent risk of increasing the blood pressure of the
patient and weigh this against the anti-inflammatory and analgesic benefits of the drug. At all
times recommended doses must be followed and in cases in which the dentist deems it
necessary, advice should be given to all patients about the inherent risk of increasing blood

pressure and advice regarding continuous monitoring of their blood pressure should be given.

The appearance of adverse interactions between antihypertensives and NSAIDs must be
considered by the dentist also when prescribing pain and inflammatory relieving drugs. The
effectiveness of diuretics, beta blockers, calcium channel blockers, ACE inhibitors and
angiotensin Il blockers are all reduced due to the contradictory effect of NSAIDs. As previously
mentioned NSAIDs inhibit the formation of COX enzymes and therefore prostaglandin.
Prostaglandins are not only responsible for the formation of pain, inflammation, and fever,
but also have a renal vasodilatory effect, lower vascular resistance and increases the

circulation of blood through the kidney. By inhibiting prostaglandins, vascular resistance is

21



raised and there is lower renal perfusion which in turn leads to an increase in the retention of
sodium and therefore fluid. This increased retention of fluid leads to an opposing hypertensive
effect on patients thereby negating the blood pressure lowering effect of the medication

(30,37).

According to a 2014 article by The British Dental Journal, NSAIDs exhibit 3 different types of
adverse reactions with Diuretics: nephrotoxicity, opposing the hypotensive effect of the agent
or greatening the danger of developing a cardiac arrhythmia due to hyperkalaemia (30).
Proving this antagonistic effect of NSAIDs, a study in which patients were given Ibuprofen or
a placebo for a 4-week period in conjunction with the use of Hydrochlorothiazide, a common
diuretic, was performed. Results of this study outlined a significant increase in blood pressure
of 4.2-4.7mm Hg in those patients taking Ibuprofen, such increases were not visible in those

taking the placebo (40).

Another trial comparing the effect of Ibuprofen, Nabumetone and Celecoxib, on patients
being treated with RAAS inhibitors such as ACE inhibitors and angiotensin receptor blockers
found that those taking Ibuprofen in combination with these agents had a 6.5 + 1.4mm Hg
increase in systolic blood pressure and a 3.520.9mm Hg increase in diastolic pressure. From
the 359 patients evaluated in the study, the greatest proportion of patients in the lbuprofen
group presented with systolic blood pressure increases more than 20mm Hg over the original
value; 16.9% of patients in the Ibuprofen group, 5.5% in the Nabumetone group and 4.6% in

the Celecoxib group (40,41).
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Other Non-Pharmacological Considerations

When presented with a patient with hypertension, controlled or uncontrolled, with fear or
anxiety about the dentist or their treatment plan, it leads to a release of endogenous
adrenaline which in turn will lead to an increased risk of adverse cardiovascular effects for a
hypertensive patient (4). The blood pressure of a patient can also increase within the presence
of pain, so the dentist must remember the importance of proper anaesthesia technique and
an open line of communication between the dentist and the patient to voice any fear concerns

or pains they may have throughout a procedure so that this can be managed (2).

The use of anxiolytics can also be indicated in situations in which patients’ anxiety or pain is
threatening a clinically significant increase in blood pressure. The most common form of pre-
sedation is the use of benzodiazepines such as Diazepam 5-10mg, given to the patient the
night before treatment and 1 hour before commencing the treatment. Nitrous oxide can also

be considered as a pre-sedatory agent (29).

In the case of performing a long, complex, or largely invasive procedure, the dentist can
consider the monitoring of the blood pressure of the patient throughout treatment (1). Other
recommendations including ensuring before commencing each day of treatment that the
patient has controlled hypertension with values within the safe parameters of <180/110mm
Hg and simply scheduling short morning appointments with the patients are also helpful

(1,29).

When presented with a patient suffering from hypertension, a dentist must consider the
increased risk of haemorrhage that an elevated blood pressure will present. This includes

those patients already undergoing pharmacological treatment for hypertension and are
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considered to have well controlled hypertension, within the safe parameters to perform

surgical treatment.

The dentist must consider an elevated potential risk and take the appropriate local
haemostatic measures when performing any invasive restorative or surgical procedures that
may present a higher risk of intraoperative bleeding. These local haemostatic measures
include the use of anaesthesia with vasoconstrictor, sutures, bone wax, antifibrinolytics such
as tranexamic acid, oxidised cellulose, thrombin, fibrin sealants and electric and laser scalpels

(2,29).

One must consider that many of the risk factors related to hypertension are shared with other
comorbidities, most commonly of which includes ischemic heart disease, and as such one may
be presented with a patient undergoing treatment with anticoagulation or antiplatelet
therapy adjacent to antihypertensive therapy. Regarding anticoagulation therapy, a dentist
must consider a consultation with the physician of the patient and the International
Normalized Ratio (INR) of the patient to be measured on the same day as the proposed
surgical treatment. If the INR value is below 3.5, it is considered to be within safe parameters
to perform the treatment and suspension of the proposed treatment is not indicated, but
haemostatic measures must be taken (29). In patients taking antiplatelet medications such as
aspirin or clopidogrel, it is not indicated to suspend use of the medication or treatment but

precautions must be considered to control the exaggerated haemorrhagic response (2).
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Conclusions

To conclude, in modern day dentistry the dentist is faced with a variety of challenges and
considerations when treating a hypertensive patient. Understanding the pathogenesis of this
condition and risk factors associated, gives the dentist the opportunity to educate themselves
and the patients and best advise them on how to proceed safely in regard to their condition.
Having a clear comprehension of the variety of drugs used to treat hypertension, the
mechanisms in which those drugs act and the associated side effects with these drugs places

the dentist in a position to diagnose and treat the patient with the greatest efficacy possible.

Given the frequency of use of many medications and drugs in dentistry, such as local
anaesthesia and NSAIDs, the dentist must evaluate each patient individually to recognise any
adverse interactions between drugs or side effects and the dentist must have sufficient
knowledge to circumnavigate these interactions whilst still providing the most appropriate
dental care possible for the patient. When treating each hypertensive patient, the dentist
must be able to make an informed judgement on how best to proceed with each patient,
whether it be control and education of the risk factors involved with the condition, use of
vasoconstrictor when providing local anaesthesia, dangers or complications associated with
the prescription of NSAIDs or even possible need of pre-sedation or anxiolytics. Above all, a
clear understanding of the considerations and specific precautions required to perform
treatments is paramount. Each treatment plan and advice given should be tailored to each
patient, depending on the severity of hypertension. Understanding the specific situations of
when to consider a consultation with the physician is required, in order to place the safety

and wellbeing of the patient first and perform a successful and safe treatment regime.
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Responsibility

In regards to social responsibility, hypertension is classified as one of the leading causes of
preventable deaths worldwide according to the World Health Organisation in 2001, and
studies have exhibited that it is responsible for more cardiovascular disease deaths than any
other modifiable risk factor. With more than 1 billion people worldwide suffering from this
condition, it is often referred to as “the silent killer”, as symptoms are not exhibited until the
severity and risk increases. With this information alone, it is clear dentists and indeed all
healthcare professionals bear an environmental and social responsibility to safeguard their
patients, given the impact hypertension has on human health. Recognising risk factors of the
condition and understanding the risk of possible antihypertensive drug interactions or
complications that may arise during the treatment plan is crucial to further improve the care
we can provide and avoid preventable life-threatening situations. By considering these special
precautions that must be taken with a patient suffering from hypertension and knowing the
possible side effects of antihypertensive drugs, the common drug interactions and special
non-pharmacological considerations that should be implemented, it can vastly improve all

patients quality of life and certainly their safety and quality of care.
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CONTINUING EDUCATION T

Management of the Hypertensive
Patient in Dental Practice

Brahmleen Kaur, DMD; and Vincent B. Ziccardi, DDS, MD

Abstract: More than 1 billion people worldwide have hypertension. Since
the guidelines for classification and treatment of hypertension were
updated in 2017 by American College of Cardiology/American Heart
Association, it is now estimated that nearly half of the US adult population

has hypertension. Hypertension may not show any sign or symptom apart

LEARNING OBJECTIVES

+ Discuss the cardiovascular
disease risk associated
with high blood pressure

.

Identify the guidelines
and classification of
hypertension, as well as
the associated etiology
and risk factors

from an elevated blood pressure reading until signs and symptoms of

complications occur. Hence, dentists can play a unique role in identifying
undiagnosed patients or those with uncontrolled blood pressure levels.
This article is intended to provide dental clinicians essential information

about hypertension and how the new guidelines affect the classification

.

Demonstrate accurate
measurement of blood
pressure in an in-office
setting and appropriately
manage dental patients
with hypertension

and treatment of the disease, and it discusses the management of patients

with hypertension in the dental office.

ypertension affects more than 1 billion people world-
wide and is aleading cause of morbidity and mortal-
ity."* As per the blood pressure (BP) thresholds by
the American College of Cardiology/American
Heart Association (AHA) 2017 guidelines, between
2013 and 2016, 46% of the US adult population, or approximately
116.4 million adults, had hypertension, which is defined as blood
pressure =2130/80 mm Hg. The prevalence was seen to increase with
age. Prevalence was 26.1% among people aged 20 to 44 years, 59.2%
among those aged 45 to 64 years, and 78.2% among those aged =65
years. A higher percentage of males had hypertension in the age group
up to 64 years, whereas more females were seen to develop hyperten-
sioninthe population 265 years of age.! Those who are normotensive
atage 55 to 65 and survive to age 80 to 85 have a 90% lifetime risk of
developing hypertension during the remaining years of life.**
Hypertension is a significant risk factor for cerebrovascular
disease and stroke.! In 2015, an estimated 7.8 million deaths glob-
ally could be attributed to systolic blood pressure (SBP) >140 mm
Hg.' The number of deaths between 1990 and 2015 did not increase
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in high-income countries butincreased in middle- and low-income

countries.! Hypertension is usually asymptomatic until compli-
cations occur.” Hence, it is not surprising that 35% of US adults

with hypertension are unaware that they have it.! Typically, many

patients avoid seeking medical or dental care until they are in pain

oruntil serious symptoms arise. Thus, dentists are in a unique posi-
tion to identify undiagnosed hypertensive patients, refer them toa

physician for appropriate medical care, and educate them regarding

lifestyle modifications and the risks associated with uncontrolled

high blood pressure. Unfortunately, approximately 50% of patients

do not comply with taking their medications as directed.®

Guidelines and Classification

The risk for cardiovascular disease (CVD) doubles for each rise
of 20/10 mm Hg in systolic/diastolic blood pressure.*” From
blood pressure levels as low as 115/75 mm Hg upward, the risk
of death from both ischemic heart disease and stroke increases,
with the increase being progressive and linear.” Because of this
continuous association between high blood pressure and increased
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Abstract: Hypertension is a chronic illness affecting more than a billion people worldwide.
The high prevalence of the disease among the American population is concerning and must be
considered when treating dental patients. Its lack of symptoms until more serious problems occur
makes the disease deadly. Dental practitioners can often be on the frontlines of prevention of
hypertension by evaluating preoperative blood pressure readings, performing risk assessments,
and knowing when to consider medical consultation of a hypertensive patient in a dental setting.
In addition, routine follow-up appointments and patients seen on an emergent basis, who may
otherwise not be seen routinely, allow the oral health provider an opportunity to diagnose and
refer for any unknown disease. It is imperative to understand the risk factors that may predispose
patients to hypertension and to be able to educate them about their condition. Most importantly,
the oral health care provider is in a pivotal position to play an active role in the management
of patients presenting with a history of hypertension because many antihypertensive agents
interact with pharmacologic agents used in the dental practice. The purpose of this review is to
provide strategies for managing and preventing complications when treating the patient with
hypertension who presents to the dental office.

Keywords: high blood pressure, dental, guidelines, inflammation, metabolic disease, blood
pressure medicines

Introduction

Hypertension is known as the “silent killer” and affects 80 million adults older than
20 years in the US alone' and just <1 billion people worldwide.'* By 2025, the number
of patients diagnosed with hypertension is expected to be 1.56 billion.*> Hypertension
is responsible for >7 million deaths annually* and is one of the leading risk factors
for cardiovascular disease mortality.’ The disease is defined as systolic blood pressure
(SBP) of 140 mmHg or diastolic blood pressure (DBP) =90 mmHg, or any persons
being currently prescribed antihypertensive medicine for the purpose of managing
hypertension."?¢ In addition, hypertension is defined as blood pressure readings elevated
on at least two occasions with or without provocation.!

Hypertension is divided into two main categories: essential/primary hypertension and
secondary hypertension.”® Lack of identifiable causative factors for elevated blood pressure
is known as essential or primary hypertension, making up ~90%-95% of all hypertensive
cases. Secondary hypertension, for which there is an identifiable cause, affects 5%—10% of
US adults who are diagnosed with hypertension.>” Disorders associated with secondary
hypertension include vascular diseases such as coarctation of the aorta and systemic dis-
eases such as Cushing’s syndrome; obstructive sleep apnea; adrenal medullary dysfunction;
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KEY POINTS

e Many patients with hypertension have uncontrolled disease. The dental visit presents
a unique opportunity to screen patients for undiagnosed and undertreated hyperten-
sion, which may lead to improved monitoring and treatment.

o Although there are no clinical studies, it is generally recommended that nonemergent
procedures be avoided in patients with a blood pressure of greater than 180/110 mm Hg.

e Because of the high prevalence of disease and medication use for hypertension,
dentists should be aware of the oral side effects of antihypertensive medications as
well as the cardiovascular effects of medications commonly used during dental visits.

HYPERTENSION: DEFINITION, IMPORTANCE, AND BENEFITS OF TREATMENT

The most commonly referenced guideline pertaining to blood pressure in adults in the
United Sates is the Seventh Report of the Joint National Committee on the Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7)," which was
published in 2003. JNC 7 defines hypertension as a systolic blood pressure (SBP)
greater than 140 mm Hg or a diastolic blood pressure (DBP) greater than 90 mm
Hg. These definitions are derived from studies showing increased adverse cardiovas-
cular outcomes in patients with blood pressure above these levels. A meta-analysis
demonstrated that for each 20 mm Hg increase of SBP above 115 mm Hg and 10
mm Hg of DBP 75 mm Hg in patients 40 to 70 years of age, the risk of death from
cardiovascular events (stroke, myocardial infarction) doubles (Fig. 1).> JNC 7 also
introduced the category of Prehypertension, which is defined as an SBP of 120 to
139 mm Hg and DBP of 80 to 89 mm Hg (Table 1). These individuals are at increased
risk of developing hypertension.
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Hypertension is a common disease encountered in dental setting. Its wide spreading, terrible consequences, and life-long treatment
require an attentive approach by dentists. Hypertension management in dental office includes disease recognition and correct
measurement, knowledge of its treatment and oral adverse effects, and risk assessment for dental treatment. Dentist role in screening

undiagnosed and undertreated hypertension is very important since this may lead to improved monitoring and treatment.

1. Introduction

Hypertension is defined as values >140 mmHg SBP and/or
>90 mmHg DBP, based on the evidence from RCTs that
in patients with these BP values treatment-induced BP
reductions are beneficial (Table 1) [1]. The same classification
is used in young, middle-aged, and elderly subjects, whereas
different criteria, based on percentiles, are adopted in chil-
dren and teenagers for whom data from interventional trials
are not available [1].

JNC 7 introduced in 2003 the category of prehyperten-
sion, which is defined as SBP 0f 120 to 139 mmHg and DBP of
80 to 89 mmHg (Table 2) [2]. Patients with prehypertension
are at increased risk of developing hypertension, those with
blood pressure values 130-139/80-89 mmHg have a two times
greater risk of developing hypertension than those with lower
values [3].

Hypertension is a highly prevalent cardiovascular disease,
which affects over 1 billion people worldwide [2]. Although
more than 70% of hypertensive patients are aware of the
disease, only 23-49% are treated, and fewer (20%) achieving
control [2, 4, 5]. Hypertension prevalence varies by age, race,
education, and so forth.
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According to ESC-ESH guidelines in 2013, there are
limited comparable data available on the prevalence of hyper-
tension and the temporal trends of BP values in different
European countries [6]. Overall the prevalence of hyperten-
sion appears to be around 30-45% of the general population,
with a steep increase with ageing. There also appear to
be noticeable differences in the average BP levels across
countries, with no systematic trends towards BP changes in
the past decade [7-29].

A permanent high blood pressure (BP) affects blood
vessels in the kidneys, heart, and brain, increasing the
incidence of renal and cardiac coronary heart disease and
stroke. Hypertension was called the “silent killer” because it
often affects target organs (kidney, heart, brain, eyes) before
the appearance of clinical symptoms.

2. Etiology and Classification of Hypertension

Hypertension is classified as primary or essential hyperten-
sion (without an organic cause) and secondary hypertension
(it has a well-established organic cause).

2.1. Primary or Essential Hypertension (without an Organic
Cause). Primary hypertension is the term used for medium
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Description: In November 2017, the American College of Car-
diology (ACC) and the American Heart Association (AHA) re-
leased a clinical practice guideline for the prevention, detection,
evaluation, and treatment of high blood pressure (BP) in adults.
This article summarizes the major recommendations.

Methods: In 2014, the ACC and the AHA appointed a multidis-
ciplinary committee to update previous reports of the Joint Na-
tional Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. The committee reviewed
literature and commissioned systematic reviews and meta-
analyses on out-of-office BP monitoring, the optimal target for BP
lowering, the comparative benefits and harms of different
classes of antihypertensive agents, and the comparative benefits
and harms of initiating therapy with a single antihypertensive
agent or a combination of 2 agents.
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Recommendations: This article summarizes key recommenda-
tions in the following areas: BP classification, BP measurement,
screening for secondary hypertension, nonpharmacologic ther-
apy, BP thresholds and cardiac risk estimation to guide drug
treatment, treatment goals (general and for patients with diabe-
tes mellitus, chronic kidney disease, and advanced age), choice
of initial drug therapy, resistant hypertension, and strategies to
improve hypertension control.
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ypertension is the leading cause of death and

disability-adjusted life-years worldwide (1, 2). In
the United States, hypertension accounts for more car-
diovascular disease (CVD) deaths than any other mod-
ifiable risk factor and is second only to cigarette smok-
ing as a preventable cause of death for any reason
(3). The 2017 American College of Cardiology (ACC)/
American Heart Association (AHA) Guideline for the
Prevention, Detection, Evaluation, and Management of
High Blood Pressure in Adults provides an evidence-
based approach to reduction of CVD risk through low-
ering of blood pressure (BP) (4).

GUIDELINE DEVELOPMENT PROCESS

In 1977, the National Heart, Lung, and Blood Insti-
tute (NHLBI) initiated a series of hypertension guide-
lines, culminating in the 2003 publication of The
Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure (JNC 7) (5). In 2013, the NHLBI
transferred responsibility for sponsorship of clinical
practice guidelines for CVD prevention to the ACC and
the AHA (6). In 2014, the ACC and the AHA partnered
with 9 other professional associations to develop a new
hypertension clinical practice guideline. A 21-member
panel of multidisciplinary experts (physicians, nurses,
pharmacists, and patient representatives) with no BP-
related industry relationships developed the 2017
guideline.

The writing committee conducted a structured re-
view of the literature and commissioned 4 systematic
reviews (and meta-analyses when feasible) from an in-
dependent evidence review committee to address the
following: 1) self-directed and/or ambulatory BP moni-

ded From: http:. 1
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toring compared with office-based BP measurement to
prevent adverse outcomes and achieve better BP con-
trol, 2) the optimal target for BP lowering during anti-
hypertensive therapy, 3) whether various antihyperten-
sive drug classes differ in their comparative benefits
and/or harms as first-line treatment, and 4) whether ini-
tiating treatment with 1 antihypertensive drug (mono-
therapy) is more or less beneficial than starting with 2
drugs (7).

The writing committee used the methods of the
ACC/AHA Task Force on Clinical Practice Guidelines (8)
to make 106 recommendations, each characterized by
class (strength) of recommendation (an estimate of the
magnitude and certainty of benefit in proportion to
risk) and level (quality) of evidence (rating the type,
quantity, and consistency of data from clinical trials and
other sources). Five “official” reviewers from the ACC
and the AHA, 9 “organizational” reviewers representing
the partner professional organizations, and 38 “con-
tent” reviewers with expertise in hypertension reviewed
the recommendations before approval by the govern-
ing bodies of the ACC, the AHA, the American Society
for Preventive Cardiology, the Preventive Cardiovascu-
lar Nurses Association, the American Academy of Phy-
sician Assistants, the Association of Black Cardiologists,
the American Pharmacists Association, the American
College of Preventive Medicine, the American Society
of Hypertension, the American Geriatrics Society, and

See also:
Related article ....... ... ... ... .. .. ... .. 359
Editorial comment . ...... ... ... . o L 369
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Hypertension is defined as the persistent elevation of blood pressure above normal
limits. It can be classified according to whether the contributing factors are genetics
and environmental (primary hypertension) or underlying medical conditions and
medications (secondary hypertension). The goal of this review is to increase recog-
nition of the various anatomical etiologies of hypertension. Clin. Anat. 32:678-681,

2019.

© 2019 Wiley Periodicals, Inc.

Key words: high blood pressure; primary hypertension; secondary hypertension

INTRODUCTION

Hypertension is the persistent elevation of the systolic
blood pressure at 140 mm Hg, or higher, and diastolic
blood pressure at 90 mm Hg, or higher, in adults 18 years
of age or older and is one of the most common conditions
seen in primary care (James et al. 2014). There are
two different types of hypertension, primary and second-
ary, each with its own propensity to cause different
amounts of injury. Primary hypertension, also referred to
as essential hypertension, is most common, affecting
90-95% of hypertensive patients (Sawicka et al. 2011).
It arises etiologically from both genetic and environmen-
tal factors (Sawicka et al. 2011). Secondary hypertension
arises from factors such as medication or an underlying
medical condition, most commonly pathologies of the
renal system such as chronic kidney disease (Bell et al.
2015). Secondary hypertension affects between 5 and
10% of hypertensive patients (Sawicka et al. 2011).
Hypertension has been colloquially dubbed the “silent
killer” as there are not always significant symptoms; how-
ever, its long-term effects, such as myocardial infarction,
aneurysms, stroke, renal failure, and death, can be detri-
mental if it is not detected and treated (James et al.
2014). It often presents with headaches, fatigue, and diz-
ziness, and there can be other nonspecific symptoms
(Sawicka et al. 2011). Distinguishing the different types
of hypertension, each with its myriad of etiologies, can
help health care providers make correct diagnoses and
ultimately provide the most effective treatment plan and
care for patients. Herein, we discuss hypertension in
general and also anatomical pathoetiologies.

© 2019 Wiley Periodicals, Inc.

ETIOLOGY

Hypertension is a multifactorial disease that includes
genetic, environmental, pathological, anatomical, and
pharmacological factors, and is a difficult disease to diag-
nose properly without an extensive patient background
and exam (Bell et al. 2015). Approximately one in three
American adults have hypertension, most of them with-
out knowing it, and statistical projections predict that
29% of the world’s population will have the condition by
the year 2025 (Kearney et al. 2005; CDC 2016).

Primary hypertension stems most commonly from
combinations of environmental factors and mutations
of certain genes involved in regulating blood pressure,
and although it is incurable it can be controlled by
appropriate clinical intervention (Coy 2005; Bell et al.
2015). The environmental factors include a sedentary
lifestyle, obesity, increased smoking and alcohol intake,
and psychological stress (Sawicka et al. 2011). Other
medical conditions, or medications with side effects
that exacerbate blood pressure mechanisms, cause
secondary hypertension (Bell et al. 2015). While pri-
mary hypertension cannot be cured, only managed,
secondary hypertension can be controlled and remediated
by discontinuing the use of the causative medication

*Correspondence to: R. Shane Tubbs, Seattle Science Founda-
tion, 550 17th Ave, James Tower, Suite 600, Seattle, WA 98122.
E-mail: shanet@seattlesciencefoundation.org
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Hypertension is arbitrarily defined as a diastolic blood pressure (DBP) of 90 mm Hg or higher, a systolic
blood pressure (SBP) equal to or higher than 140 mm Hg, or both, on 3 separate occasions. It affects 24% of
the population of the United States and is common among black (28%), white (24%), and Hispanic (14%)
Americans. The prevalence of hypertension increases with age and is more than 70% among people 65 years
and older. Among principal diagnoses given by family physicians for outpatient visits, only acute respiratory
tract infection (7%) is more common than hypertension (6%). The annual direct medical cost of caring for
hypertension exceeds $10 billion.

This article will discuss the pathophysiology and diagnosis of hypertension from an evidence-based
perspective. An upcoming Applied Evidence article will cover treatment of hypertension and prognosis.

Pathophysiology

Idiopathic, or essential, hypertension accounts for more than 95% of cases and appears to be caused by a
complex interaction between genetic predisposition and environmental factors. The predisposition to
essential hypertension is polygenic in origin and may find full expression when combined with
environmental factors, such as obesity, low physical activity levels, high stress levels, high alcohol
consumption, high dietary sodium, and low dietary potassium, calcium, and magnesium. The complex
interaction of genetics and environment may affect sodium, catecholamines, the renin-angiotensin system,
insulin, and cell membrane function, causing elevation of the blood pressure.

The more common identifiable causes of hypertension include chronic renal disease (2%-5%), renovascular
disease—including renal artery atherosclerosis and fibromuscular dysplasia—(0.2%-0.7%), Cushing
syndrome (0.1%-0.6%), pheochromocytoma (0.04%-0.1%), and primary hyperaldosteronism (0.01%-0.3%).
Although obesity, excessive alcohol consumption, oral contraceptive therapy, and sleep apnea may cause
hypertension, they are not typically included as identifiable causes of hypertension. The prevalence of the
latter conditions as identifiable causes of hypertension remains to be defined.

Diagnosis

The presence of hypertension must be confirmed by blood pressure measurements obtained with proper
technique. The blood pressure of all patients 18 years and older should be measured at each health care visit
because of the high prevalence of hypertension. Patients should be encouraged to abstain from nicotine and
caffeine for at least 30 minutes before the measurement of the blood pressure. Measurement should be made
with a mercury sphygmomanometer or a recently calibrated aneroid device. The bladder of the blood
pressure cuff should encircle 80% of the arm. The pressure should be taken after at least 5 minutes of rest

http:/Amww.jfponline.com/print-friendly/the-diagnosis-of-essential-and-secondary- hypertension-in-adults/d1165d4a3e908c86797afd0212ccaf4b.htm| ?type=98
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Abstract Increases in life expectancy and cardiovascular ad-
verse events in patients with hypertension highlight the need
for new risk-reduction strategies to reduce the burden of de-
generative diseases. Among the environmental factors, high
salt consumption is currently considered the most important
risk factor of hypertension. However, while high salt intake
significantly raises blood pressure in some individuals, others
do not show variation or even decrease their blood pressure.
This heterogeneity is respectively classified as salt sensitivity
and salt resistance. In this review, we propose salt sensitivity
as a useful phenotype to unravel the mechanistic complexity
of primary hypertension. The individual variability in blood
pressure modification in response to salt intake changes de-
rives from the combination of genetic and environmental de-
terminants. This combination of random and non random de-
terminants leads to the development of a personal index of
sensitivity to salt. However, those genes involved in suscepti-
bility to salt are still not completely identified, and the trigger-
ing mechanisms underlying the following development of hy-
pertension still remain uncovered. One reason might be rep-
resented by the absence of a specific protocol, universally
followed, for a standard definition of salt sensitivity. Another
reason may be linked to the absence of common criteria for
patient recruitment during clinical studies. Thus, the genera-
tion of a reliable approach for a proper recognition of this

This article is part of the Topical Collection on Prevention of
Hypertension: Public Health Challenges

P4 Rossella Iatrino
iatrino.rossella@hsr.it

Vita-Salute San Raffaele University, Milan, Italy

Genomics of Renal Diseases and Hypertension Unit, IRCCS San
Raffaele Scientific Institute, Via Olgettina 60, 20132 Milan, Italy

personal index of sensitivity to salt, and through it the identi-
fication of novel therapeutic targets for primary hypertension,
should be one of the aspirations for the scientific community.

Keywords Hypertension - Salt sensitivity - Endogenous
ouabain - Renin-angiotensin-aldosterone system - Salt intake -
Genetics - Candidate gene - GWAS - Personalized therapy

Introduction

Essential hypertension is one of the major public health chal-
lenges due to its high prevalence (in one third of the world’s
population) and the increased risk of adverse events, such as
stroke, heart and kidney failure [1]. Essential hypertension is a
complex disease, characterized by a large variety of determi-
nants, such as genetic factors, race/ethnicity, age, body mass,
and diet, as well as associated comorbidities (diabetes, chronic
kidney diseases, etc.).

This interplay between environmental and genetic factors,
both crucial determinants of hypertension, interacts and affects
intermediary phenotypes which favor the increase in total vascu-
lar resistance and in cardiac output, consequently inducing hy-
pertension [2]. Among all the intermediary phenotypes, the eval-
uation of salt sensitivity has been proposed to unravel the mech-
anistic complexity of primary hypertension [3-7].

Several studies have shown that primary hypertension is glob-
ally responsible for almost 50 % of the mortality rate [8].
However, these statistics mentioned above do not distinguish
salt-sensitive from salt-resistant hypertension or they do not even
include normotensive patients who are salt-sensitive [9+¢].

Salt sensitivity has been estimated in 51 % of hypertensive
patients and in 26 % of normotensive subjects, posing a major
public health problem in USA and in Westernized societies [7].

@ Springer
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European Heart Journal (1998) 19, 372-377

Clinical Perspectives

Diagnosis and investigation of essential and secondary

hypertension

Introduction

Hypertension is a common and important modifiable
risk factor for cardiovascular disease. It has been
convincingly demonstrated that reducing blood pres-
sure, even modestly, in hypertensive patients, reduces
the subsequent rate of stroke and coronary heart
disease. A long-term reduction of 5-6 mmHg in di-
astolic blood pressure is associated with approxi-
mately 35-40% less stroke and 20-25% less coronary
heart disease related deaths''. Because of the com-
monness of hypertension, the supposed simplicity of
blood pressure measurement, and the widespread
availability of effective and well-tolerated anti-
hyptensive agents the management of hypertension
has been predominantly the task of primary care
doctors. Despite this, cases exist which are more
complicated, either because of hypertensive compli-
cations, co-incident but unrelated diseases, or because
of difficulties in diagnosis or management, such as
‘white coat’ hypertension, resistant hypertension or
suspected secondary hypertension. Detecting second-
ary hypertension, and so identifying potentially cur-
able causes without excessive investigation of low risk
patients or undue use of expensive and potentially
harmful tests, is a problem often faced by cardiac
specialists to whom such patients may frequently be
referred.

Hypertension — definition, diagnosis
and treatment

There is no natural dividing line between normo-
tension and hypertension. Essential hypertension is
a numerical description not a distinct disease. In a
meta-analysis of nine prospective observational
studies a continuous direct positive relationship
between diastolic blood pressure and both stroke and

Submitted 13 May 1997, and accepted 9 June 1997.
Correspondence: Dr J. Mayet, Department of Cardiology, Royal
Brompton Hospital, London SW3 6NP, U.K.
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coronary heart disease was observed'”. Therefore any
definition of essential hypertension based on blood
pressure readings is inevitably arbitrary. In theory
hypertension could be defined as a level of blood
pressure above that at which intervention has been
shown to reduce risk"”. This, of course, means that
different populations (e.g. young vs old, men vs
women) should have different diagnostic thresholds.
However, there are also the problems of proving
mortality reduction in a randomized controlled trial
for each new threshold level of blood pressure.
Another factor is that in most large prospective
trials blood pressure has been measured in special
trial settings, with trained nursing personnel using
more rigorously maintained sphygmomanometers
than is typical in routine practice. It is uncertain
whether other forms of blood pressure measurement,
such as routine blood pressure estimation by doctors
or newer more sophisticated measurement by ambu-
latory blood pressure monitoring would lead to the
same diagnostic and treatment thresholds. It is
usually recommended that clinicians base clinical
decisions on multiple measurements made over
multiple visits with the patient in the sitting position
after several minutes rest. A cuff of appropriate size
for the patient’s arm should be used with Korotkoff
phase V (when the sound disappears) taken to be
diastolic blood pressure'. At least three measure-
ments should be taken, with a minimum of 3 min
between each, and the values averaged. Blood pres-
sure levels often settle on further assessments as
patients become used to the clinic environment. Un-
less the hypertension is severe or there is associated
target organ damage e.g. left ventricular hypertrophy,
measurements should be repeated over a 3-6 month
period. This is the ideal as it closely follows the
methods of the randomized control trials, upon which
our evidence-to-treat is based. In practice, however,
this is far from what actually happens. Frequent
errors are made with sloppy technique, poorly main-
tained apparatus and far too few readings prior to a
diagnosis being made and treatment commenced>®.
As a result people may be unnecessarily treated.

© 1998 The European Society of Cardiology
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Abstract Diurctics havelong been used for the treatment of
hypertension. Thiazide diurdtics are the most commonly pre-
seribed diureties for hypertansion, but other classes of di-
uretics may be uscful in diterndlive circumstances. Although
diureics arenolonger conddered the preferred agent for treal-
ment of hypertendion in adults and children, they reman ac-
ceptable firstine oplicns. Diuretics effectively decrease
blood pressure in hypertensive palients, and in adults with
hypertension reduce the risk of adverse cardiovascular out-
comes. Because of varied phamacokindic and phamacody-
namic differences, chlorthdiidone may be the preferred thia-
Zde diurelic in the treatment of primary hypertension. Other
typesof diurelics (eg., loop, potassium spaing) may beuseful
for the tredment of hypertension rdaded to chronic kidney
disease (CKD) and other vared conditions. Common side
effects of thiazides are mosily dose-rdated and involve dec-
trolyte and metabolic abnormdities.

Keywords Hypertension - Children - Thiazidediureic -
Hydrochlorothiazide - Chlorthdidone - Diurelics

While superviding the nephrology fdlow's dinic you are pre-
sented wi th an obese 15-year-dld Cascad an boy with repedted
devated office blood pressure readings that have perdsted
despite a 6-menth trid of lifestylemodificalions. Both parents
developed hypertens on in their mid-20s and severd mambers
of the family developed cardiovascular disease between 40
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Childran’s M ercy Hospitd, University of Missouri, 2401 Gillham
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and 50 years.of age. Adde from obesity, his physicd examina-
fion is unremarkable as are his serum dectrolytes, credlinine,
urindyss, and thy reid studies. Hemoglchin A 1eis mildy de-
vated and the fasting lipid profile demonstrates amild increase
in totd choesteral, low-densty lipoprotein (LDL ) cholesteral,
and triglycerides. The echocardiogram shows mild concentric
left ventricular hypertrophy (LVH) with nomnal function.

In view of the blood presaure devations that have persisted
despite lifestyle modifications, a sirong family history of hy-
pertension and cardiovascular discase, and target organ in-
volvement (eg., LVH), the fellow recommends starting phar-
meacaogic treaiment and suggests inifiaing therapy with a
diuretic. A discusson anong the fdlows in dinic results in
the formdlion of severd dinicd questions rdated to diuretic

use and hypertension.

Arediuretics recommended as preferred firsine
antihypertensive agentsin current hypertension
guiddines?

In the cument adult guiddines for the management of hyper-
tension [1-6], the thizzide dass of diurelics is recommended
as one of severd potentid preferred drugs for inifid antihy-
pertensive drug therapy (Table 1). Thisis a change from pre-
vious guidelines that recommended the use of thiazide di-
urclics as the preferentid initid therapy, a recommendation
that was based on cutcome trids avalable at that ime (eg.,
ALLHAT) [7, 8], cost, and other condderdions. Using the
most up-to-date literature on treatment, overdl mortdity, and
cardiovascular, cerebrovascular, and renal outcomes, the
member consensus opinion of the mgority of the Hghth
Joint National Committee (JNC 8) [1] concluded that a thia-
Zide diurelic, angiotensin-converting enzyme (ACE)inhibitor,
angiotensin 11 receptor antagenist (ARB), or long-acting
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Surprisingly, there is little if any data to indicate that treating a patient
with hypertension alone increases the risk for adverse outcomes or compli-
cations. M ost dentists, however, realize that hypertension often leadsto car-
diovascular disease, renal disease, and strokes, which are conditions that
increase the risk for complications, both during and after dental care.
Oral and systemic side effects may also arise from the medicines used to treat
hypertensive patients. This article reviews the current thought on the path-
ogenesis, diagnosis, and treatment of hypertension, and provides guidance
on how best to treat patients with this common medical problem.

Physiology

Blood pressure (BP) is determined by how much blood the heart pumps
(ie, cardiac output) and by the resistance to blood flow in the vascular sys-
tem. Cardiac output in turn is determined by how often the pump contracts
(ie, heart rate) and by the amount of blood ejected during each beat (ie,
stroke volume). High blood pressure, therefore, results from either narrow
inflexible arteries, an devated heart rate, increased blood volume, more
forceful contractions, or any combination of the above. BP is never con-
stant; it peaks right after the ventricles contract (systole) and reaches its
low point as the ventricles fill (diastole). Mean arterial pressure (MAP) is
calculated by multiplying the diastolic BP by two, adding the systolic BP,
and dividing by three Diastolic BP is multiplied by two as, on average,
the heart spends roughly twice the amount of time in diastole as in systole.

The long-term regulation of BP is controlled predominantly by the kid-
neys through their variable release of the enzyme renin. Renin goes on to

E-mail address jbavitz@unmc_edu

0011-8532/06/$ - see front matter O 2006 Elsevier Inc. All rights reserved.
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Abstract

Objective: To review the pharmacology, pharmacokinetics, and pharmacodynamic properties of commonly used (-
blockers (atenolol, carvedilol, metoprolol succinate, metoprolol tartrate, and nebivolol). Data Sources: A MEDLINE
literature search (1966-May 2013) was performed using the following key terms: hypertension, 3-blockers, atenolol, carvedilol,
metoprolol tartrate, metoprolol succinate, nebivolol, pharmacology, pharmacodynamics, pharmacokinetics, blood pressure, metabolic,
lipid, central aortic pressure, diabetes, and insulin resistance. References from publications reviewed were included. Study
Selection and Data Extraction: English-language articles identified were reviewed. Animal studies and studies in
patients for a primary diagnosis of coronary artery disease were excluded. Data Synthesis: -Blockers are no longer
recommended first-line therapy for primary hypertension, based on data showing that B-blockers are inferior to other
antihypertensives and no better than placebo, in spite of provision of blood pressure reduction. Because atenolol is
the B-blocker used in 75% of these studies, uncertainty about widespread application to all B-blockers exists. Different
pharmacological and physiological properties, both within B-blockers and compared with other antihypertensives, may
explain divergent effects. Evidence shows that 3-blockers have a truncated effect on central aortic pressure, an independent
predictor of cardiovascular events, compared with other antihypertensive classes; differences within the class may exist,
but the evidence is inconclusive. Metabolic effects differ within the B-blocker class, with evidence that carvedilol causes
less metabolic dysregulation. Conclusion: Emerging evidence reveals physiological differences within the p-blocker class
and in comparison to other antihypertensives. These differences provide insight into the diverse clinical effects B-blockers
provide in cardiovascular disease.

Keywords
B-blockers, hypertension, pharmacology, central aortic pressure, metabolic, pharmacodynamics

The use of B-blocker therapy as a first-line treatment for
hypertension has been the subject of considerable contro-
versy for the past decade.' Historically, p-blocker therapy
had been recommended as one of the initial treatment
options for primary hypertension, dating back to 1977 in the
first report of the Joint National Committee on Detection,
Evaluation and Treatment of High Blood Pressure (JNC 1).2
They were consistently the second most frequently pre-
scribed antihypertensive agent until 1990, when calcium
channel blockers (CCBs) and angiotensin converting
enzyme (ACE) inhibitors became more frequently used.” In
the 2003 JNC 7 report, B-blockers were regarded as 1 of 5
viable first-line therapy treatments in the management of
hypertension.* However, more current recommendations
from the American Heart Association and the National
Institute for Health and Clinical Excellence no longer rec-
ommend B-blockers as a first-line therapy option in primary
hypertension.>® In the 2013 Canadian Hypertension

Education Program recommendations, f-blockers are not
recommended as first-line therapy for uncomplicated
hypertension, specifically in patients 60 years of age or
older.” These contemporary recommendations advise that
B-blocker therapy is best used as add-on therapy with an
ACE inhibitor or angiotensin receptor blocker (ARB),
CCB, and/or diuretic.

The recommendation to relegate pB-blockers to add-on
therapy is a consequence of clinical trial and meta-analysis
data that demonstrated that B-blockers were inferior to other
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Calcium channel blockers (CCBs) share a conumnon mechanism of action. However, the iamer in which they exert
therr pharmacolagical effects 1s dilferent between subclasses. Dibydropyridine (13317 CCBs tend 10 be more potent
vasodilators than non~dihydropyriding (non-DHP) agents, whereas the latter have move marked negative inotropic
cffeets. Both subelasses bave a similar capacity to lower BE: however. non-DHPs appear to offer potential advantages
in the nunagement of patients with chronic kidney disense ard diabetic nephropathy. Representatives of boih classes
arg now available in fixed-dese combinations canlaining an ACE inhibiter, the henelits of which include ellzetive
24-hour BP control, a redueed incidence of wdverse elfects, and improved adherenee.

Abstract

Calcium channel blockers (CCBs) are a chemically diverse group
of drugs, although they share a commaon inderlying mechanism of
action'? AILCCRs act on blood vessels, where they cause vasodila-
tion, and/or et the myocardium, where they variably deercase
carcine cont ‘zchiIity.m ITowever, the structural differences between
CCBs result in contrasting tissue specilicities and necessitate cite-
porization into two main subclasses — dihydropyridine (D11P)
agents, such as amlodiping, nifediping, nicardipine and telodipine,
and non-dilivdropyridine {non-DHPY agents such as verapamil (a
plenylalkylamine) and diltiazem (a benzothigzepine derivative).t'

The pharmacological actions of first- and second-generation
CCBs are primarily a result of their ability to block caleium influx
through the L-type calcium channels m excitable membranes.”
Whereas DHDs are more vasoselective than non-DIHPs, !
DHPs have a more negative chronotropic and Inotropic elfect
thae HP) 1y this regard, both verapamil and diltiazem have

non-

been referred to as ‘heart rate-Iowering agents because of their
tendency 1o reduce pulse rate.!

Althgugh the pharmacological differences between CCB sub-
classes are well recognized, the degree 1o which these are reflected
in differing clinical outcomes is less well established. This paper
briefly revicws the pharmacologic differences between DHPs and
non-DUPsandexplorestheclinical implicationsofthesedifferences.

1. Use in Hypertension

In published guidelines on the management of hypertension,
CCBs are suggested as candidates for fist-line (herapy cither

alone or in combination with other antilyperiensive agents. The
Seveuth Report of the Joint National Committee (JNC-7) on
Prevention, Detection, Livaluation, and Treatment of High Blood
Pressure recommends CCBs ay first-line agents when there is a
compelling indication — i.c. high risk ol coronary disease andfor
diabetes. For all other patients thiazide diuretics are recommended
as first-line pharmacologic therapy, either alone or in combination
with one of the other classes of agems.[

The European Socicty ol Iypertension (ESHY-Curopean
Society of Cardiology (ESC) guidelines for the management of
arterial ypertension ace [ess preseriptive than INC-7, suggesting
that any of the main antihypertensive classes are appropriate for
initiating and maintaintng therapy.”™ These guidelines emphasize
the importance of individualizing therapy. suggesting that non-
DIP agents are appropriate for patients with anging peetoris,
carotid atheroscleresis, and supraventriculur tachyeardia.'™ They
also recommend DLIP CCBs for elderly and pregnant patients and

those with isolated systalic hypertension, angina  pectoris,
peripheral vaseular disease, and carotid atherosclerosis.!™)

DIIP and non-DHEP CCBs similarly reduce B 1n 50-75%
of patients with mild-to-moderate hypertension, monotherapy
with a CCB produces a significant response (e, = 10mm Mg in
diastolic BP or normalizationy.!'?! Respense rates to CCBs are
particudarly robust in Black patients, a large subgroup with a high
incidence of hypertension. ' Brewster and colicagucs[m
undertook a review of the cfficacy of different classes of
antihypertensives in Black patients enrolled across 30 trials. They
found that CCBs, diuretics, central sympatholytics, peripheral
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Abstract

Hypertension is one of the most important risk factors and a leading cause of death from cardiovascular and cerebrovascular
diseases. Based on numerous previous studies, hypertension is thought to be caused by the complex mutual interactions of
genetic factors and environmental factors, such as excessive salt intake and stress. However, its detailed mechanisms are not
yet clearly understood. The renin—angiotensin system (RAS) is a key hormonal system in the pathogenesis of hypertension.
New knowledge is still accruing on this cascade, even after more than 120 years since the discovery of renin. To clarify the
molecular mechanisms of RAS in vivo, we created transgenic mice with chronic hypertension. These mice carry the human
genes encoding renin, a hypertensive enzyme, and its substrate angiotensinogen. Hypotensive mice homozygous for a tar-
geted disruption of the angiotensinogen gene were also created. This review presents our 47-year history of RAS research.

Keywords Hypertension - Renin - Angiotensinogen - Renin—angiotensin system - Transgenic mice - Knockout mice

Introduction

Hypertension is the most prevalent clinical symptom, affect-
ing 1.13 billion people worldwide [1]. The number of peo-
ple with uncontrolled hypertension has risen over the years
because of population growth and ageing. Complications of
hypertension are thought to cause 9.4 million deaths each
year, and without further action the World Health Organiza-
tion (WHO) has predicted this number will increase [2, 3].
The renin—angiotensin system (RAS) is a regulatory cas-
cade that plays major physiological roles in blood pressure
regulation and electrolyte homeostasis (Fig. 1). Renin (EC
3.4.23.15), an aspartyl protease, catalyzes the specific cleav-
age of angiotensinogen to decapeptide angiotensin I (Al),
the first and rate-limiting step in the RAS. The biologically
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inactive Al is then converted by angiotensin-converting
enzyme (ACE) to the bioactive octapeptide, angiotensin II
(AII). AII acting via its receptors induces a variety of physi-
ological effects such as vasoconstriction, increasing cardiac
output and promoting aldosterone synthesis. Dysregulation
of the RAS plays a pivotal role in the pathogenesis of hyper-
tension. Clinical evidence for the impact of RAS blocking
agents suggested that renin-dependent mechanisms may be
involved in more than 70% of patients with essential hyper-
tension [4]. Most recently, a machine learning of big data
on the treatment of hypertension has identified that ACE
inhibitors and angiotensin receptor blockers were the most
common treatment, used by 73% of the patients, as single
drugs as well as in combinations with other antihyperten-
sive medications [5]. Although it is beyond doubt that RAS
blockers effectively lower blood pressure, the beneficial
effects of that cannot be simply explained on the basis of
changes in the circulating RAS. Recent evidence demon-
strated that these blockers have other pleiotropic properties
independent of their hypotensive effects, such as enhance-
ment of cognition [6].

The complexity of the RAS has increased considerably in
the past two decades [7]. This system was originally believed
to be exclusively a circulating system, but because compo-
nents of the RAS have been demonstrated in a variety of
tissues, local RAS has been proposed as a paracrine function

@ Springer



Accepted Manuscript

Pharmacological

Title: Antihypertensive drugs

Author: Stéphane Laurent

PII: S1043-6618(17)30846-0

DOL: http://dx.doi.org/doi:10.1016/j.phrs.2017.07.026
Reference: YPHRS 3657

To appear in: Pharmacological Research

Received date: 10-7-2017

Revised date: 26-7-2017

Accepted date: 28-7-2017

Please cite this article as: {http://dx.doi.org/

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

48



ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/265650236

Effect of Diuretics on Salivary Flow, Composition and Oral Health Status: A

Clinico- biochemical Study

Article in Annals of Medical and Health Sciences Research - July 2014

DOL: 10.4103/2141-9248.139311 - Source: PubMed

CITATIONS
16

3authors, including:

Kannan Natarajan
Narayana Dental College and Hospital

47 PUBLICATIONS 158 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

mewt  Oral Health care Needs of Medically Compromised View project

mees  Diagnostic Evaluation of TMJ Disorders View project

All content following this page was uploaded by Kannan 07 February 2016.

The user has requested enhancement of the downloaded file.

READS
390

Rajendra Patil
Kothiwal Dental College & Research Centre

30 PUBLICATIONS 113 CITATIONS

SEE PROFILE

49



PHARMACOVIGILANCE

Lichenoid Eruption
Associated with
Hydrochlorothiazide
and Possible Cross
Reactivity

to Furosemide

Eruption lichénoide associée a
I’hydrochlorothiazide avec possible
réaction croisée avec le furosémide

Karim Aouam!, Hichem Bel Hadj Ali?, Monia
Youssef*, Amel Chaabane', Mohamed Habib Hamdi®,
Naceur A. Boughattas' and Jamel Eddine Zili®

1 Service de Pharmacologie, Faculté de Médecine, Monastir,
Tunisia

2 Service de Dermatologie, Hopital Fattouma Bourguiba, Monas-
tir, Tunisia

3 Service de Médecine et de Chirurgie Buccales, Clinique Univer-
sitaire de Médecine Dentaire, Monastir, Tunisia

Text received 4 May 2009; accepted 27 July 2009

Case notified 8 august 2007, Regional Tunisian Centre of Pharma-
covigilance

Keywords: lichenoid eruption; hydrochlorothiazide, furosemide, adverse
effect

Mots clés : éruption lichénoide ; hydrochlorothiazide ; furosémide ; effet
indésirable

1. Introduction

Lichen planus is an inflammatory mucocutaneous condition
with characteristic violaceous flat-topped papules and plaques.
Pruritus is often severe. Involvement of oral or genital mu-
cosa in some cases may be debilitating.[! The aetiology of
lichen is unknown, but stress, autoimmunity, underlying meso-
dermal diseases, and infection (especially by hepatitis B and cy-
tomegalovirus) have all been suggested.? Many drugs can pro-
voke eruptions that are clinically and histologically similar to
lichen planus. However, in drug-induced lichenoid eruption, there

Thérapie 2009 Septembre-Octobre; 64 (5). 344-347
DOI: 10.2515/ therapie/ 2009050

© 2009 Société Frangaise de Fharmacologie et de Thérapeutique

can be more eczematization and scaling, greater tendency toward
residual hyperpigmentation, Wickham’s striae are usually absent,
it appears as a symmetric eruption on the trunk or extremities, a
photodistributed pattern is found in high percentage, and involve-
ment of oral mucosa is less common. The first substance ac-
cused of eliciting lichenoid eruption is arsenic. Some drugs (e.g.
gold salts, non steroidal anti-inflammatory drugs...) may also
cause a lichenoid eruption.[? The potential of the thiazide diuret-
ics group to elicit adverse cutaneous reactions has been recog-
nized since it became prescribed on a large scale. There have been
subsequent reports of vasculitis, ¥l photosensitive eruption,  etc.

Thiazide diuretics belong to sulphonamide which can be sub-
divided into three principal pharmacological groups: antibiotics,
diuretics and hypoglycaemics. Knowles et al.'® classified sul-
fonamides into two different groups: antibiotic sulphonamide and
non antibiotic sulphonamide (diuretic and hypoglycaemic sulfon-
amide and other drugs such as celecoxib, sumatriptan and nime-
sulide).

Diuretic-induced lichenoid eruption is very rare and cross re-
activity within this pharmacological class has, to our knowledge
never been reported. We describe a case of a probable associa-
tion between hydrochlorothiazide (HCTZ) and a lichenoid erup-
tion which recurred after furosemide administration.

2. Case Report

A 56-year-old man presented with an acute onset of a pru-
ritic rash which started on his trunk and spread to his whole body.
His past medical history included hypertension and Sharp syn-
drome for which he was taking irbesartan-HCTZ and methotrex-
ate. Methotrexate and irbesartan-HCTZ were started respectively
about 2 years and 8 months before the skin eruption. On physi-
cal examination, the patient had violaceus and scaly plaques on
the trunk, back and limbs (figure 1). There were bilateral shal-
low erosions of the labial mucosa surrounded by a network of
lacy white striae (figure 2). The blood count and the biochemical
profile were normal. The hepatitis B virus serology was negative.
A biopsy of the involved skin showed hypergranulosis, liquefac-
tion in the basal layer and lymphocyte infiltration of the dermal-
epidermal junction, highly consistent with a lichenoid drug reac-
tion. Desonide (0.1%) and cetirizine provided no relief. The re-
sponsibility of HCTZ was than suspected and irbesartan-HCTZ
was replaced by irbesartan. The skin eruption and pruritis had
resolved within two weeks. Approximately 6 weeks later, patch
test to irbesartan-HCTZ (5% petrolateum using Finn Chambers)
was performed on his back. It was totally negative at days 2 and
3. Because his blood pressure was still high, furosemide 40 mg
daily was administered and pruritic erythematous plaques and red
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ARTICLE INFO ABSTRACT
Article history: Objective: Assess the influence of salivary flow on physiological parameters of the stoma-
Accepted 21 November 2009 tognathic system in patients who take beta-blockers or anxiolytic medications.

Design: Sixty patients were divided into three groups based on the following criteria: Group
Keywords: 1, control (n=20; no use of medication); Group 2, use of antihypertensive beta-blockers
Mastication (n=20); and Group 3, use of benzodiazepine anxiolytics (n = 20). Salivary flow was assessed
Anxiolytic by determining stimulated and non-stimulated flow/minute. The quantification of the sense
Antihypertensive of taste was determined on a visual analogue scale (VAS) using solutions of 0.9% NaCl (salty),
Taste 50% sucrose (sweet), 20% unsweetened coffee (bitter) and 4.2% vinegar (sour). The DMFT

index (number of decayed/missing/filled teeth) was determined by a calibrated examina-
tion, following the criteria of the World Health Organization (WHO). Masticatory perfor-
mance was assessed with an Optosil comminution test and Rosim-Ramler equation.
Results: The results did not reveal a significant correlation between salivary flow and
masticatory performance (p > 0.05). We observed significant decreased non-stimulated
salivary flow for Group 2 (p = 0.05) when compared to controls. However, taste perception
was not influenced by salivary secretion amongst groups. Furthermore, we observed a
significant negative correlation between non-stimulated salivary flow and DMFT in Group 1
(p=0.02; r=—-0.52).
Conclusions: Patients under beta-blockers therapy presented reduced non-stimulated sali-
vary flow when compared to controls, without influencing the sense of taste or masticatory
performance. The use of anxiolytics did not affect salivary flow and taste perception in the
studied sample.

© 2009 Elsevier Ltd. All rights reserved.
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THE MANAGEMENT OF DRUG-
INFLUENCED GINGIVAL ENLARGEMENT

Introduction

Gingival enlargement is a relatively
common problem encountered in dental
practice. Untreated enlarged gingival
tissues can affect aesthetics, mastication,
speech and ability to perform plaque
control, resulting in periodontal
problems and potentially dental caries.
Gingival enlargement can occur due

to inflammation, neoplasms, systemic
conditions, and the use of drugs that
influence the clinical presentation of the
gingiva and affect the progression of
periodontal diseases. These can ultimately
affect the patient's well-being and need
long term support from the dental team.

The literature in this field contains
many case reports and case series,
but relatively few large-scale studies on
prevalence rates and wellcontrolled
trials of treatment outcomes. This
inevitably means that the available
information is incomplete, and often
contradictory, but we have here aspired
to distill the evidence for clarity. More
detailed discussion of the aetiology and
pathogenesis of DIGE is also available
in a number of recent reviews'?.

ABSTRACT

INTRODUCTION:

Drug-influenced gingival enlargement (DIGE) is a reaction fo specific
medications, namely phenytoin, ciclosporin and calcium channel blockers. DIGE
is encountered increasingly in clinical practice due to the widespread use of
calcium channel blocker drugs particularly. Approaches fo its management are
discussed in this review.

METHODS: Narrative review of the literature and discussion of clinical
implications.

FINDINGS: Management of DIGE involves nonsurgical treatment and may
require surgical reduction of the overgrown gingival tissues. Management is
complicated by the difficulties in achieving adequate plaque control, given the
unfavourable contour of the enlarged gingival tissues, and the high frequency
of recurrence of DIGE affer surgical management. Replacing the drug involved
can be very beneficial in selected cases, but the management of the underlying
medical condition limits its application. The decision to replace a drug is not
the responsibility of the dental practitioner, but the patient’s physician may
make it after consultation.

CONCLUSIONS: Management of DIGE can be challenging and may require
close co-operation between the dental practitioner and a hygienist, a periodontist
and the patient’s physician. Long term supportive maintenance programmes
need to be in place for optimal outcomes.

Drug-influenced Although discussion of the pathogenesis
gingival enlargement and clinical features of DIGE in various
Drug-Influenced gingival enlargement drugs has often treated them as a single
(DIGE) manifests as an abnormal growth entity, there is good evidence that the

of the gingiva due fo the administration drugs may have significantly different

of specific drugs, namely phenytoin, effects on the tissues. Clinically, phenytoin-
ciclosporin and calcium channel blockers associated gingival enlargement is
(CCBs). Gingival changes can appear typically fibrous in presentation, whereas
within 3 months of drug administration®. with ciclosporin, the gingival enlargement
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Abstraet

Furpose of Review This study @ms to examine asrent knowdedge on the occurmrence, pathophysiology, and trealment of
angivedema among paients who receive angiotensin-converting enzyme inhibitors.

Recent Andings Angictensin-converting enzyme inhibitors (A CE-l), amedicdion class used by an eslimated 40 million people
wotldwide, are associated with angioedema that occurs wi th incidence ranging from 0.1 to 0.7%. Thewidespread use of ACE]
resulted in one third of dl emergency department vidts for angioedema. Angicedema occurs more frequently in African
Americans, smokers, women, older individudls, and those with a history of drug rash, seasond dlergies, and use of immuno-
suppresdve therapy. The pahophysidlogy of ACE-induced angioedema invalves inhibiion of bradykinin and substance P
degraddion by ACE (kininase |1} leading to vasodilaor and plasna extravasalion. Tredment modditiesinclude antihistamines,
stercids, and epinephrine, as wdl as endotrached intubdlion in cases of d@irway compromise. Palients with a history of ACEH-
induced angioedema should not be rechallenged with this class of agents, as thereis a rddivdy high risk of recurmence.
Condudon ACEH are frequently usad therapeutic agents that are assodated with angicedema. Their use should be avcided in
high+isk individudls and ealy diagnosis, trached intubation in of drway compromisz, and absdlute arcidance of re-
chdlenge are important.

Keywords Angictendin |l - Angicedama - Angiotensin-converting enzymeinhibitors - Hypertension - Bradykinin

Introduction fissue or submucosa. When invalving the airway, the feding
of impanding asphyxia may be termifying for the sufferer [2,
3]. A retrospeclive andysdsidenlified angicedama as the most
common non-asthmalic acute dllergic reaction leading to hos-
pitdizaions in New York State from 1990 to 2003 [4]. In the
four decades since the devd opment of captopiil in 1975 (FDA
approvd 1981), ACEH have became the some of the most
prescribed medicdions in the USA, with lignopril bang the
sacond most prescribed agent in 2016 [5]. Concurrent with the

“In oneinstance, possibly in two, dedth resulted from a
sudden cedema glottides [1].7
- William Oder

Angioedema is a wdl-documented and occasiondly letha

dde effect of angictendn-converting enzyme inhibitors
(ACEH). Angicedema is a pale, non-prurific, wdl-demarcal-
ed, nonpitting edama invalving the skin and subcutanecus

Thisaticle ispat of theTopicd Call ection on GuiddinestClinica Trials/
Mda-Andyss
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growing use of ACE-l, the rate of hospitdizaion for angio-
edamain the U SA has increased from 3.3 to 4.0 per 100,000
within 15 years [6].

The History of Angiotensin-Converting
Enzyme Inhibitors

Workersin Brazil who were bitten by the Brazlian pit viper
Bothrops jararaca die within minutes from severe hypotan-
sion. Maido Rocha e Slva and his student, Sergio Ferrdm,
at the Universty of Sao Paio, sudied the effects of the snake
venom and identified peplides thought to potentiate the action
of bradykinin [7]. Ferreira brought the bradykinin potentiating
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«,-Adrenoceptor antagonists are widely used for the treatment of voiding dysfunction associated with
benign prostatic hyperplasia. Activation of o;-adrenoceptors is reported to induce salivary secretion in rats
and humans. However, the effects of a;-adrenoceptor antagonists on salivary secretion remain unknown.
Here, we investigated the effects of the o;-adrenoceptor antagonists prazosin, silodosin, tamsulosin and
urapidil on phenylephrine-induced salivary secretion and compared the results with the effects on
phenylephrine-induced intraurethral pressure (IUP) elevation in anesthetized rats. All antagonists inhibited
phenylephrine-induced salivary secretion and IUP elevation in a dose-dependent fashion. Comparison of
DR values (the dose required to shift the dose-response curve 10-fold to the right) in both tissues showed
that the inhibitory effect of silodosin was significantly more potent in the salivary gland than in the urethra
(18-fold), but tamsulosin (2.3-fold), prazosin (1.7-fold) and urapidil (1.1-fold) did not show comparable tis-
sue selectivity. These results suggest that o;-adrenoceptor antagonists inhibit not only urethral contraction
but also salivary secretion, and that high tissue selectivity for the salivary gland over the urethra as shown
by silodosin may contribute to the incidence of dry mouth.

Keywords:

ay-Adrenoceptor antagonist
Intraurethral pressure
Salivary secretion

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Benign prostatic hyperplasia is a common disorder in middle-aged
and elderly men which produces bladder outlet obstruction. In these
patients, lower urinary tract symptoms characterized by poor stream,
hesitancy in initiation of micturition, urinary frequency, nocturia and
urgency were observed. o;-Adrenoceptor antagonists are currently
the front-line treatment for voiding dysfunction associated with
benign prostatic hyperplasia, with major adverse effects such as
dizziness, orthostatic hypotension and light-headedness. However, a
recent clinical study has focused attention on an additional adverse
event: dry mouth (Kawabe et al., 2006). This study reported a high in-
cidence of dry mouth with silodosin (in 10.3% of patients) compared
with tamsulosin (3.6%) and placebo (4.5%). Furthermore, Yamada et
al. (2001) and Okura et al. (2002) reported that silodosin selectively
bound to o;-adrenoceptors in the rat prostate and submandibular
glands which predominantly contain the o4-adrenoceptor subtype.
These results suggest that ay-adrenoceptor antagonists may induce
dry mouth and that the incidence of dry mouth varies among ;-
adrenoceptor antagonists.

* Corresponding author. Tel.: +81 29 863 6635; fax: +81 29 852 2955.
E-mail address: akiyoshi.ohtake@astellas.com (A. Ohtake).

0014-2999/% - see front matter © 2012 Elsevier B.V. All rights reserved.
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The salivary glands are innervated by both the sympathetic and
parasympathetic nerves of the autonomic nervous system. It has
been reported that salivary secretion is primarily mediated by the
activation of distinct receptors such as muscarinic receptors, o- and
3-adrenoceptors and peptidergic receptors (Baum, 1993). In fact, it
has been demonstrated that carbachol (a muscarinic receptor ago-
nist), phenylephrine (an a;-adrenoceptor agonist) and isoproterenol
(a P-adrenoceptor agonist) all induce salivary secretion in rats
(Popovic et al.,, 2005). The a-adrenoceptors have been found to
regulate the secretion of fluid and electrolytes and may have an
effect on the secretion of proteins in saliva (Klein, 2002). The
presence of a;a- and ayg-adrenoceptor mRNA and proteins has
been confirmed in rat submandibular glands and in the SMG-C10 acinar
cell line (Bockman et al., 2004; Faure et al., 1994; Nishiura et al., 2001;
Rokosh et al, 1994). Moreover, Huang et al. (2006) indicated that
a4- and oyg-adrenoceptor proteins in human submandibular glands
are functional and contribute to the regulation of salivary production
and secretion.

Although activation of oj-adrenoceptors is clearly implicated in
salivary secretion in rats and humans, the effects of o;-adrenoceptor
antagonists on salivary secretion remains unknown. Here, we investi-
gate the effects of o;-adrenoceptor antagonists on phenylephrine-
induced salivary secretion, and compared these results with their
effects on phenylephrine-induced intraurethral pressure (IUP) eleva-
tion in anesthetized rats.
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Abstract

Local anesthesia forms the major part of pain-control techniques in dentistry. The prevention and
elimination of pain during dental treatment has benefited patients, their doctors and dental hygienists,
enabling the dental profession to make tremendous therapeutic advances that would otherwise have been
impossible. Introduced in the late 1940s, the amide local anesthetics represent the most used drugs in
dentistry. Local anesthetics also represent the safest and most effective drugs in all of medicine for the
prevention and management of pain. They are also accompanied by various adverse effects which should
be well known and be able to be controlled by the clinician. The article reviews the types of agents used as
local anesthetics and their effects on the human body.

Keywords: Anesthesia, anesthetics, dental, local/adverse effects, pharmacology, vasoconstrictor agent

INTRODUCTION

Local anesthetics are the most commonly used drugs in dentistry. Pain and dentistry are often synonymous
in the minds of patients, especially those with poor dentition due to multiple extractions, periodontal
disease requiring surgery or symptomatic teeth requiring endodontic therapy. Dental practitioners, before
the procedure, identify a good anesthetic as one that allows them to focus solely on operative procedures
without distractions from pain-induced patient movements. Research has shown that the fear of pain
associated with dentistry is closely associated with intraoral administration of local anesthetics, which is
the most common method for blocking pain during dental procedures. This is considered aversive due to
the pain associated with the injection and the perceived threat of needle puncture prior to the injection.[1]
Another survey finding was that those individuals who reported themselves as highly fearful of dentistry
were worried about receiving oral injections and demonstrated an association between high dental
anxieties and missed or delayed appointments.[2] This article provides a brief overview of local
anesthetics to reinforce clinician's knowledge of these agents.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3353686/report=printable
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Local Anesthesia:
Agents, Techniques,
and Complications

Orrett E. Ogle, pps**, Ghazal Mahjoubi, omp® <

KEYWORDS
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Local anesthesia is a reversible blockade of nerve conduction in a circumscribed area
that produces loss of sensation. The chemical agents used to produce local anes-
thesia stabilize neuronal membranes by inhibiting the ionic fluxes required for the
propagation of neural impulses. Today’s anesthetics are safe, effective, and can be
administered with negligible soft-tissue irritation and minimal concerns for allergic
reactions. Indeed, no aspect of office oral surgery is as important as good pain control.
Excellent local anesthesia permits the dental surgeon to perform the necessary
surgical procedure in a careful, unhurried fashion that will be less stressful for both
the operator and the patient. The achievement of good local anesthesia requires
knowledge of the agents being used, the neuroanatomy involved, and adherence to
good techniques.

This article reviews the widely used local anesthetic agents and common tech-
niques for obtaining local anesthesia, and also discusses some frequently seen
complications.

AGENTS
Topical Anesthetics

Topical anesthetics are substances that can cause surface anesthesia of skin or
mucosa. In dentistry these agents are used to temporarily anesthetize the tiny nerve
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ABSTRACT

Cardiovascular disease trends, complications, and associated therapeutics,
impact the dental health and treatment. Such patients require special
consideration with regard to when and which dental treatment is appro-
priate and what precautions are required. A clinical approach is provided
for the dental management of patients with Arterial hypertension, Heart
failure, and Ischemic Heart disease, Cardiac Arrhythmias, Infective
Endocarditis, Stroke and Cardiac Pacemaker. A Medline-PubMed search
was conducted of the literature over the last 20 years using the keywords:
“cardiovascular diseases’ “dental management’ “arterial hypertension’

“heart failure; “ischemic heart disease’ “cardiac arrhythmias’ “infective

endocarditis’ “stroke” and “cardiac pacemaker” A total of 46 articles were
reviewed, of which 32 were literature reviews, 3 were expert committee
guides and updates and 11 original research papers. The appropriate
management of dental patients with cardiovascular disease is contingent
on appropriate assessment and evaluation. This article aims to allay many
of these uncertainties by describing the commoner cardiac conditions, the
risk they pose during dental practice and how they may affect dental treat-

INTRODUCTION

Cardiovascular disease is the leading global cause of death, accounting
for more than 17.3 million deaths per year.' Nearly half of all African-
American adults have some form of cardiovascular disease. Compared
with western countries, most Asian countries have higher age related
mortality from cardiovascular disease.” Along with the associated morbidity,
such disorders are important because many patients are associated with
treatment. So, patient with cardiovascular disease constitute risk cases
in dental practice. The dental management of these medically compro-
mised patients can be problematic in terms of oral complications, dental
therapy, and emergency care. The present study consists of a literature
review dental management of patients suffering from various cardiovas-
cular diseases.

MATERIALS AND METHODS

A Medline-PubMed search was conducted of the literature over the last

» «

37 years using the keywords: “cardiovascular diseases”, “dental management’,

» » o«

“arterial hypertension”, “heart failure”, “ischemic heart disease”, “cardiac
arrhythmias”, “infective endocarditis”, “stroke” and “cardiac pacemaker”
A total of 46 articles were reviewed, of which 32 were literature reviews,
3 were expert committee guides and updates and 11 original research

papers.

ment. It outlines prophylactic and remediable measures that may be taken
to enable safe delivery of dental care.

Key words: Cardiovascular disease, Dental management, Arterial hyper
tension, Heart failure, Ischemic heart disease, Cardiac arrhythmias, Infec-
tive endocarditis, Stroke and cardiac pacemaker.

Key message: This review aims to allay many of these fears and focuses
on common Cardiovascular compromised conditions and risk they pose
during dental practice that necessitate extra awareness and caution to
prevent potential complications causing otherwise unnecessary morbidity
and mortality.
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Cardiovascular diseases and their dental management

1. Hypertension: Hypertension is high blood pressure. Hyperten-
sion is defined as values >140 mmHg systolic pressure and/or >90
mmHg diastolic pressure.>*

Dental management:

1. A well-controlled hypertensive patients does not pose a risk in
clinical practice.

2. 'The patient is to be instructed to take his or her medication as usual
on the day of dental treatment. Prior to such treatment, the patient
blood pressure should be recorded.>®

3. It is preferable for the visits to be brief and in the morning. The
prescription of anxiolytic agents may prove necessary in particu-
larly anxious patients (5-10 mg of diazepam the night before and
1-2 hours before the appointment) before dental treatment, or alter-
natively sedation with nitrous oxide may be considered.

4. In the case of emergency dental visits, treatment should be conser-
vative, with the use of analgesics and antibiotics. NSAIDs should
not be prescribed for longer than this five-day period.”*

5. Patients with cardiovascular disease are at a greater risk of massive
endogenous adrenalin release secondary to deficient local anesthesia
than of reaction to the small amount of vasoconstrictor used in
local anesthetics.>!%!!2 Nevertheless, vasoconstrictor use should be
limited, taking care not to exceed 0.04 mg of adrenaline.!

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others
to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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Drug interactions in general

dental practice -

considerations

for the dental practitioner

B. E. S. Dawoud,"" A. Roberts? and J. M. Yates®

VERIFIABLE CPD PAPER

Tre aim of this article is to explore the diverse and complex nature of pharmacological drug-drug interactions in the
general dental practice setting. Using published NHS statistics, this article will highlight medications for common medical
conditions that could interact with frequently prescribed drugs by the general dental practitioner.

INTRODUCTION

A drug int tion may be def; as a
situation when a substance, which in this
case is another prescribed drug, affects
the activity of a drug already taken by a
patient. The potential outcome of a drug

1

basis.” Given this gradual increase in
dispensed medications, it is almost certain
that the general dental practitioner (GDP)
will encounter patients taking medications
that could potentially interact with those
delivered or prescribed in dental practice.

interaction can vary and could be synergisti
(causing an amplification of the intended
therapeutic effect of the drug), antagonistic
(depressing the therapeutic effect of the
drug) or additive {two drugs combining to
potentiate either or both actions). All of these
outcomes may have potentially damaging or
fatal consequences,

Asac g thought should be given
by the GDP before prescribing, to determine
whether the potential exists for harmful drug
interactions that may have an adverse effect
on the patient.

It is the intention of this article to
highlight common medical conditions and
the drugs frequently associated with them.

c porary medical care has ady "
significantly in recent years, increasing
patients” life expectancy. This is pantly due to
an increase in therapeutic drug prescribing
to help with the management of many
common conditions. Published NHS statistics
highlighted that during 2012-2013 there were
961 million prescriptions dispensed in the UK,
compared with 886 million in 2009."" This
increase was primarily due to an increase in
the life expectancy of the UK population and

Furth specific reference will be made
1o medications that can be prescribed by
GDPs, and which could have p

anti-inflammatory drugs (NSAIDs); these
may inhibit the antihypertensive effect
of drugs such as angiotensin-converting
enzyme (ACE) inhibitors or diuretics.

Additive and enhanced

synergistic effects

When two or more drugs are given with
the same pharmacodynamic profiles, the
additive effects of the two together may
result in an excessive response of the
targel tissue and thus toxicity. An ‘additive
synergy’ is when the final efTect is equal to
the sum of the efTects of both drugs. When
the final effect is greater than additive,
it is known as ‘enhanced synergy' or

fation.

adverse ur damaging consequences.

DRUG INTERACTION TYPES
Drug interactions may be categorised broadly

p An e ple of a synergistic
eflect would be the simultaneous provision
of a benzodiazepine and opioid medication.
Both drugs are pharmacodynamically
similar and il given together can lead to

into pharmacodynamic or ph ki

an i in the sedative effect on the

interactions:’

Pharmacodynamic interactions

the resulting polypharmacy, whereby many
patients rely on a combination of drugs to
maintain various essential bodily functions
and minimise the effects of acquired medical
conditi Further esti indicate that
75% of patients over the age of 55 are
taking medications on a repeat prescription

'Dental Fourdation Trenee, 228-230 As: Dental
Practice, Manchester, Eccles, M30 OPF; "Consdtant in
Restorative Dentatey, *Professor of Oral and Maxilofe-
cial Surgery, University Dental Hospital of M

Pharmacodynamic interactions are those
that modify the pharmacological effect of
a drug without altering its concentration in
the tissue fluid” This means that the effect
of one drug is changed by the presence of
another drug at the same molecular site,
leading to a summation, or opposition, of the
effects of the drugs. These interactions may
be summarised into antagonistic, additive or
enhanced effects.

Antagonistic effects

Higher Cambridge Street, Manchester, M16 &FH
*Cocrespandence to: Bagm Dawoud
Email: basim d@ gmad com

This is an interaction between two drugs
that kave opposing pharmacological effects,
leading to a reduced effectiveness of one or
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both of the drugs administered. A typical
example would be for drugs that tend to
increase blood p such as non-

central nervous system, which may cause
respiratory depression.

It is worth mentioning that not all additive
ellects are harmful. Some drugs are given in
combination with others lo encourage this
additive effect. One such interaction is the
anti-microbial co-amoxiclav. Penicillinase-
producing bacteria are resistant Lo penicillin
and therefore the combination of cl i
acid (an inhibitor of penicillinase) with
amoxicillin achieves the desired efTect

Pharmacokinetic interactions

Pharmacokinetic interactions are those
that alter the concentration of a drug that
reaches its site of action. Therefore, one drug
alters the concentration of another drug in
the system (either an increase or decrease).
This modilication could occur at any phase
of absorption, distribution, metabolism or
excretion of the drug,

BRTISH DENTAL JOURNAL VOLLME 236 N0 1 1 10 2014
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' CONTINUING EDUCATION 2

DRUG INTERACTIONS

Three Serious Drug Interactions that
Every Dentist Should Know About

Elliot V. Hersh, DMD, MS, PhD; and Paul A. Moore, DMD, PhD, MPH

Abstract: Patients with complex medical and drug histories are becoming more
commonplace in dental practice. This article reviews three serious adverse drug
interactions that are well supported by the literature and can impact dental prac-
tice. Nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit the renal excretion
of lithium and lead to lithium toxicity. Metronidazole and fluconazole inhibit the
metabolism of warfarin by blocking cytochrome P-450 2C9 (CYP-2C9), the major
metabolic pathway of warfarin, with the end result being dramatic increases in
patients’ international normalized ratios (INRs) and potentially fatal bleeding.
Propranolol and other nonselective beta-adrenergic blocking agents can inhibit

the vasodilatory effect of epinephrine in dental local anesthetic solutions, lead-

LEARNING OBJECTIVES

« identify three serious
drug interactions that
impact dental practice

« discuss adverse events
related to drug interac- |
tions in certain patients, |

as described in cases and |
clinical studies

«identify alternative
medications that can be
employed to avoid these
serious drug interactions

ing to hypertensive reactions and a concomitant reflex bradycardia. It is important for clinicians to recognize and

avoid these serious drug interactions. By doing so, they will provide the safest and best treatment for their patients.

nquestionably, the aging dental patient population

is consuming more and more drugs, including a va-

riety of psychotropic medications and cardiovascu-

lar drugs.' The most common drugs that dentists

prescribe or administer include nonsteroidal anti-
inflammatory drugs (NSAIDs) such as ibuprofen and naproxen
(Table 1), antibiotics and antifungals such as metronidazole (eg,
Flagyl”) and fluconazole (eg, Diflucan®), and local anesthetics
containing the vasoconstrictor epinephrine (Table 2). What many
clinicians do not realize is that these commonly employed drugs in
practice can be involved in serious adverse drug interactions with
medications patients are taking for a variety of medical conditions.
This article will review three of the serious interactions that can
potentially occur within the practice of dentistry.

NSAIDs And Lithium

As illustrated in Table 1, there are a variety of NSAIDs from which
dentists can choose to manage odontogenic and postoperative
pain. These analgesics represent the first line drugs that should
be employed in this situation because of their unique mechanism
of action, an inhibition of prostaglandin synthesis at the site of
408

COMPENDIUM  June 2015
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surgical trauma, which renders these drugs highly effective in the
treatment of postoperative dental pain.** There are numerous ev-
idence-based, double-blind, placebo-controlled published studies
that demonstrate the overall effectiveness of these drugs after the
surgical removal of impacted third molars.*" However, in certain
patients, NSAIDs should be avoided or used cautiously because of
the possibility of precipitating a serious adverse drug interaction.
A comprehensive review of this subject can be found in previous
publications.'*® One such drug is lithium."

Lithium is amajor remedy in the treatment of bipolar depressive
disorder.” It has a low therapeutic index, which means the differ-
ence between effective doses and toxic doses is relatively small.
Therefore, plasma levels of lithium must be carefully monitored
to ensure therapeutic effectiveness while avoiding toxicity." The
NSAIDs inhibit the renal excretion of lithium and can cause plasma
lithium to accumulate to toxic levels, potentially leading to renal,
gastrointestinal, and central nervous toxicity." " Both ibuprofen
1800 mg/day and naproxen 750 mg/day for 6 days have been dem-
onstrated to increase previously stable lithium plasma levels, and
the magnitude of this effect varied widely among individuals.'*"”
Ibuprofen produced a mean increase of 34% (range 12% to 66%),

Volume 36, Number 6
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An Echocardiographic Study of Interactions
Between Pindolol and Epinephrine Contained
in a Local Anesthetic Solution
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An increasing number of dental patients are
taking B-adrenergic blockers for the treatment of
hypertension or angina pectoris. If
epinephrine-containing local anesthetics are
administered to such patients, interactions
between epinephrine and the B-blocking agent
may induce cardiovascular complications. We
assessed in volunteers the effects of intracral
injection with 2% lidocaine containing 1:80,000
epinephrine {L-E) on cardiac function after
pretreatment with the B-blocking agent pindolol.
M-Mode echocardiography was used for the
assessment. The injection of L-E after
administration of pindolol did not alter cardiac
preload, whereas it reduced the stroke volume,
due to an increase in afterload and a decrease in
myocardial contractility. Reductions in stroke
volume and heart rate led to a decrease in
cardiac cutput. Because total peripheral vascular
resistance increased markedly, blood pressure
was elevated despite the reduced cardiac output.
These results suggest that cardiac function of
dental patients on B-blocker therapy can be
adversely affected by epinephrine-cantaining local
anesthetics, Therefore, when such an anesthetic
solution has to be used in patients on B-blocker
therapy, careful systemic monitoring is needed.

f the various drugs available for the treatment of
cardiovascular disease, B-adrenergic blockers are
among the most commonly used for controlling hyper-
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tension and angina pectoris.' The number of dental pa-
tients receiving chronic B-blocker therapy has been in-
creasing in recent years. [f epinephrine-containing local
anesthetics are administered to these patients, drug inter-
action with B blockers may cause severe cardiovascular
complications.?5 Surprisingly, little of the cardiovascular
pathophysiology caused by these drug interactions has
been studied. We therefore examined, using M-mode
echocardiography, the cardiac effects of intracral injec-
tion of epinephrine-containing 2% lidocaine after pin-
dolol treatment in healthy young adults.

METHODS

The subjects were seven healthy adult male volunteers
without a history of cardiac disease or hypertension.
Their ages ranged from 25 to 33 yr (mean, 27.7 yr}, and
their weights from 58 to 71 kg {mean, 65.0 kg). Pindolol
{Carvisken} was used as the 3 blocker. The local anes-
thetic used was 2% lidocaine containing 1:80,000 epi-
nephrine (L-E). Each subject was given a b-mg pindolol
tablet and twe cartridges of L-E (3.6 ml total volume,
containing 45 pg of epinephrine and 72 mg of lidocaine).

Before -blocker treatment, the subject rested in the
supine position, and cardiac function was then assessed
by measuring systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean arterial pressure (MAP), and
heart rate (HR). M-Mode echocardiography was also per-
formed at this ime. For M-mode echo measurements, a
transducer was placed at the left margin of the sternum in
the fourth intercostal space. Beams were generated in the
direction that allowed simultanecus echo collection from
the ventricular septum and the left ventricular posterior
wall using two-dimensional guidance. Left ventricular
end-diastolic diameter (EDD) was measured when the R
wave on an electrocardiogram reached a peak, Left ven-
tricular end-systolic diameter (ESD) was measured when
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Anesthetic Management of the Hypertensive Patient: Part |

Russell Yancey, DDS
PGY-2 Resident, New York University—Langone Hospital Dental Anesthesiology Service, Brooklyn, New York

Hypertension is an important health challenge that affects millions of people across the world and is a major risk factor
for cardiovascular disease. It is critical that anesthesia providers have a working knowledge of the systemic
implications of hypertension. This review article will discuss the medical definitions of hypertension, the physiology of
maintaining blood pressure, outpatient treatment of hypertension, anesthetic implications, and the common
medications used by anesthesia providers in the treatment of hypertension. Part I will provide an overview of
hypertension and blood pressure regulation. In addition, drugs affecting predominantly renal control of hypertension,
such as diuretics, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and renin-inhibiting agents,
will be discussed. In part II, the remaining major antihypertensive medications will be reviewed as well as anesthetic
implications of managing patients with hypertension.

Key Words: Hypertension; Antihypertensives; Anesthetic; Review.

lood pressure typically fluctuates throughout the CLASSIFICATION AND GUIDELINES
day, but hypertension, or high blood pressure,

can cause undue stress on the patient’s heart, There are 2 types of hypertension: essential hypertension
vasculature, and other organs, leading to a variety of and secondary hypertension. Essential hypertension
health problems. Those health problems include heart accounts for approximately 95% of _the cases and
disease and stroke, which are the leading causes of represents a form of hypertension without a clear
death in the United States.! Almost half of Americans cause.” However, many health care providers recognize

that a number of factors may contribute to increased
blood pressure, including but not limited to obesity,
insulin resistance, high alcohol intake, high salt intake,
aging, sedentary lifestyle, stress, low potassium intake,
and low calcium intake.® Secondary hypertension has a
clear etiology with many causes that may include renal
disease, hyperthyroidism, obstructive sleep apnea, hy-
peraldosteronism, and many others.*

There are 4 levels of blood pressure, as outlined by the

are identified as having high blood pressure according
to the recent classification changes of high blood
pressure in 2017 by the American Heart Association
and the American College of Cardiology. Only an
estimated 54% of those people have their condition
under control.> Hundreds of thousands of deaths each
year are primarily due to high blood pressure,' and
this disease ends up costing patients in the United

States $48.6 billion each year.’ American Heart Association/American College of Car-

Because of the growing public health concern that is diology in the updated 2017 guidelines (see Table 1). The
associated with hypertension, it is important that choice and the naming of the categories were based on a
dental providers are knowledgeable about the implica- pragmatic interpretation of blood pressure-related
tions, management, and treatment options available cardiovascular disease risk and benefit of blood pressure
for the hypertensive patient. This article will provide a reduction in clinical trials. Prior to diagnosing a person
contemporary review of the definition, physiology, with hypertension, it is important to use an average
pharmacologic management, and other concerns sur- based on greater than 2 readings obtained on more than
rounding the anesthetic management of the hyperten- 2 occasions to estimate the individual’s blood pressure
sive patient. level.® The new guidelines also recommend allowing

patients to rest at least 5 minutes prior to taking the
blood pressure readings and taking the blood pressure

Received April 27, 2018; accepted for publication April 30, 2018.
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Slow Down to Brake: Effects of
Tapering Epinephrine on
Potassium
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Department of Cardiovascular and Thoracic Surgery, Railway
Headquarters Hospital, Perambur, Chennai; and Department of
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Hyperkalemia is not an uncommon complication of car-
diac surgical procedures. Intractable hyperkalemia is a
difficult situation that can even lead to death. We report
on a postoperative case in a patient in whom a sudden
decrease of epinephrine led to intractable hyperkalemia
and cardiac arrest. We wish to draw the reader’s attention
to the issue that sudden discontinuation of epinephrine
can lead to dangerous hyperkalemia.
(Ann Thorac Surg 2016;102:e37-8)
© 2016 by The Society of Thoracic Surgeons

yperkalemia is often seen as a complication of car-
Hdiac surgical procedures. Intractable hyperkalemia
is defined as hyperkalemia not responding to routine
medical management (glucose insulin infusion, salbuta-
mol nebulization diuresis, potassium binding agents,
calcium gluconate). Intractable hyperkalemia is a difficult
condition that can even lead to death. We wish the reader
to understand that sudden stopping of epinephrine can
lead to dangerous hyperkalemia.

A 3-year-old child who was diagnosed with double-outlet
right ventricle (DORV), ventricular septal defect, and
pulmonary stenosis was admitted to the hospital with a
recurrent respiratory infection. Echocardiography
showed DORV with a large subaortic ventricular septal
defect with overriding of the aorta and the left pulmo-
nary artery (PA) originating from the ascending aorta as
its first branch. The patient was evaluated and was taken
for intracardiac repair with left PA translocation. On
cardiopulmonary bypass, the left PA transected from the
aorta and was translocated to the main PA above the
level of the pulmonary valve. The right ventricular outlet
tract was dilated with a Hegar dilator. In view of the
raised pulmonary vascular resistance from the left
branch PAs, a bidirectional Glenn (BDG) procedure was
performed. The patient was shifted to the intensive care
unit (ICU) and was given 0.1 pug of epinephrine, a sil-
denafil infusion, and milrinone. After 12 hours, the pa-
tient was extubated. After extubation, the patient had
stable hemodynamics, with a serum potassium level of
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4.5 mmol. Because his blood pressures were very high,
the epinephrine dose was reduced to 0.025 ig. Over the
next 3 hours, the child’s potassium level started rising,
reaching 7.1 mmol, and it was did not respond to stan-
dard treatment (glucose insulin infusion, salbutamol
nebulization, diuresis, potassium binding agents, cal-
cium gluconate). As a result, peritoneal dialysis was
started. After 2 hours, the patient had bradycardia
and cardiac arrest. The patient was then resuscitated
(cardiopulmonary resuscitation given for 5 minutes,
followed by mechanical ventilation) and was stabilized
with the same supports. Echocardiography demon-
strated good BDG flow and ventricular function. Because
a blood transfusion had been given, hemolysis was
thought to be a cause of the hyperkalemia, but the pa-
tient’s reticulocyte count was less than 0.9%. A complete
workup for hemolytic anemia was performed, and the
results were normal.

Once sudden tapering of epinephrine was recognized
as a possible cause, the epinephrine was increased to 0.1
ug. Potassium levels dropped to normal gradually. After 2
days of continuing the same treatment, the child’s cardiac
output improved. Peritoneal dialysis was discontinued
once urine output improved. The patient was subse-
quently extubated.

Comment

Hyperkalemia is often encountered in cardiac surgical
ICUs and is defined as a potassium level greater than 5.5
mmol/L [1]. The physiology and potassium handling
mechanisms have been extensively studied and reported
[2, 3]. Most cases of hyperkalemia are secondary to renal
dysfunction either at the glomerular level or at the distal
convoluted tubules. Other causes are redistribution of
potassium ion across the cellular membrane, a diet rich in
potassium, and the use of potassium-affecting medica-
tions [4].

As for epinephrine and its effect on potassium, it is well
known that epinephrine causes hypokalemia [5, 6]. This
results from epinephrine-induced stimulation of B, re-
ceptors present in skeletal muscle that causes an intra-
cellular shift of potassium. The reverse happens when
epinephrine is tapered; in that situation, an extracellular
shift leads to hyperkalemia.

Our patient had progressive worsening of hyperkalemia
over a 6-hour period despite aggressive medical man-
agement. Review of ICU treatment records suggested to us
that epinephrine was instantly reduced at the time high
blood pressures occurred, which went unnoticed. This
could be the most likely cause. Because this possibility was
missed, a detailed evaluation for causes of secondary he-
molytic anemia was done; the findings ultimately turned
out to be normal. Because the patient’s leukocytes and
platelets were normal, pseudohyperkalemia was unlikely.
Once the true cause was suspected, epinephrine was
restored to the previous dose .The patient’s complete re-
covery in this case is the result of a combination of early
suspicion of the probable cause, prompt ICU intervention,

0003-4975/$36.00
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ARTICLE

Peptic ulcer disease and non-steroidal
anti-inflammatory drugs

SUMMARY

Non-steroidal anti-inflammatory drugs including low-dose aspirin are some of the most commonly
used medicines. They are associated with gastrointestinal mucosal injury.

Before prescribing, it is important to assess the patient’s gastrointestinal risk factors such as age
and history of peptic ulcers. Patients at high risk may require co-prescription to reduce the risk of

peptic ulcers.

A daily dose of a proton pump inhibitor is the most effective method of reducing the risk of ulcers
induced by non-steroidal anti-inflammatory drugs.

Introduction

A peptic ulcer is a defect in the upper gastrointestinal
mucosa that extends through the muscularis mucosa
into deeper layers of the gut wall. There are two major
risk factors for peptic ulcer disease - Helicobacter
pylori and non-steroidal anti-inflammatory drugs
(NSAIDs). NSAIDs including low-dose aspirin are
some of the most commonly used drugs. They have
good efficacy and a long history of clinical use,

but can cause peptic ulcers which may have fatal
complications.! Given widespread use of NSAIDs and
aspirin, the associated gastrointestinal toxicities have
substantial implications for the healthcare system.?

Mechanism of action

The therapeutic effects of NSAIDs are mediated by
their inhibition of prostanoid biosynthesis.® Prostanoid
derivatives arise from the conversion of arachidonic
acid by cyclo-oxygenase (COX) isoenzymes following
cell injury.

There are two distinct isoforms of COX. COX-1is
present in the majority of cells including endothelial
cells, gastrointestinal epithelium and platelets, and
functions continuously. In contrast COX-2 is present

in only a few tissues and is induced by inflammation.
NSAIDs exert their therapeutic anti-inflammatory and
analgesic effects by inhibiting COX-2. The gastric and
renal toxicities of the drugs are related to inhibition of
the COX-1isoform.** There is a spectrum of COX-1and
COX-2 inhibition across the class of NSAIDs.

Ulcers and NSAIDs

Peptic ulcer disease is a well-recognised
complication of NSAID use. Inhibition of COX-1in

the gastrointestinal tract leads to a reduction of
prostaglandin secretion and its cytoprotective effects

Musa Drini
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Australian National
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Gastroenterologist
gastrotrACT

Canberra

Keywords
in gastric mucosa. This therefore increases the
susceptibility to mucosal injury.® Inhibition of COX-2
may also play a role in mucosal injury.

misoprostol, non-steroidal
anti-inflammatory drugs
(NSAIDs), peptic ulcers,
proton pump inhibitors

Risk factors

Gastrointestinal toxicity with NSAIDs, including
low-dose aspirin, is highest in patients with risk
factors. These include increased age (>65 years),
past history of peptic ulcer disease, heart disease,
and co-prescription of antiplatelets, corticosteroids
and anticoagulants. In addition, using higher doses
of NSAIDs leads to an increased risk of upper
gastrointestinal complications.” Prolonged NSAID use

austprescr.2017.037

Aust Prescr 2017,40.91-3
http://dx.doi.org/10.18773/

FOR PHARMACISTS

and H. pylori infection are also associated with an
increased risk of gastrointestinal toxicity.

In patients who are chronic users of NSAIDs and who
have no risk factors, only 0.4% have serious adverse
events. However, the risk is as high as 9% in patients
with multiple risk factors.® Before prescribing for a
patient with risk factors always consider if there are
alternatives to NSAIDs.

Which NSAID to use?

All NSAIDs cause some degree of gastrointestinal
toxicity. Large pooled data from placebo-controlled
trials show that all evaluated NSAIDs including COX-2
inhibitors, diclofenac, ibuprofen and naproxen were
associated with an increased risk of gastrointestinal
injury.® However, this risk varies between the

drugs. The relative risk of upper gastrointestinal
complications for aceclofenac, celecoxib and
ibuprofen is low (<2). Diclofenac, meloxicam and
ketoprofen are intermediate (2-4) while naproxen,
indomethacin and diflunisal have a higher relative
risk (4-5). The highest pooled relative risk is
associated with piroxicam (7.4) and ketorolac (11.5).”
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Nonsteroidal anti-inflammatory drugs and antihypertensives:

how do they relate?

Zovinar Der Khatchadourian, DDS,"* Isabel Moreno-Hay, DDS, PhD,”* and Reny de Leeuw, DDS, PhD, MPH®
McGill University, Montreal, Quebec, Canada; University of Kentucky, Lexington, KY, USA

Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely available as over-the-counter medications, despite their
numerous side effects and drug interactions. The aim of this article is to increase awareness of the hypertensive potential of
NSAIDs and their interference with antihypertensives. Patients with hypertension appear to be more susceptible than
normotensive individuals to the blood pressure—increasing effect of NSAIDs. Most studies have found that short-term use of
NSAIDs does not pose a major risk for hypertension or increase in cardiovascular disease in healthy individuals. The calcium
channel blockers and B-blockers seem to be least affected by the concomitant use of NSAIDs. A dentist must weigh the
benefits and disadvantages of using NSAIDs in patients taking antihypertensive drugs. For those who may be at greater risk,
such as patients with hypertension and the elderly, careful selection of the class of NSAID and close monitoring are
appropriate measures, especially if long-term use is anticipated. (Oral Surg Oral Med Oral Pathol Oral Radiol 2014;117:

697-703)

Nonsteroidal anti-inflammatory drugs (NSAIDs) are
widely available as over-the-counter medications in
drugstores and supermarkets not only in the United
States but also worldwide. In 2010, an estimated US
$1.1 billion were spent on nonnarcotic analgesic drugs
in the United States.'

NSAIDs are very commonly used medications
despite their numerous side effects and drug in-
teractions. For instance, the acute administration of
NSAIDs has been associated with serious adverse
outcomes, such as allergic reactions, renal failure,
coagulation problems, and worsening of asthma.
Furthermore, the long-term administration of NSAIDs
can cause serious gastrointestinal (GI) adverse effects
(e.g., bleeding, ulcers), renal failure, and congestive
heart failure.”* Minor side effects, such as nausea,
dizziness, or gastric irritation, have also been reported.”
Several studies have found that the risk for complica-
tions increases in susceptible patients, for example
those who present with a history of ulcers, cardiovas-
cular disease, diabetes, or renal complicar_ions.7‘x The
risk of deleterious effects with NSAID use is increased
in the elderly population,"™ yet Seager and Hawkey’
found in their study that over half of 24 million NSAID
prescriptions written in a year in the United Kingdom
were prescribed to the elderly population. Owing to the
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deleterious effects of NSAIDs, Seager and Hawkey’
debated whether NSAIDs should be prescribed to
manage conditions that are not life-threatening. Often
overlooked is the fact that long-term use of NSAIDs
can cause hypertension.'”

NSAIDs also have numerous drug interactions. For
instance, most NSAIDs affect platelet function, leading
to increased risk of bleeding, when administered with
other drugs that impair hemostasis, such as warfarin and
selective serotonin reuptake inhibitors. NSAIDs also
displace many other drugs, including warfarin and an-
ticonvulsants, from albumin, thus leading to increased
risk of bleeding and potentially toxic levels of the dis-
placed drugs. Other oftenoverlooked interactions of
NSAIDs follow from their reduction of the renal so-
dium excretion and inhibition of prostaglandin (PG)
synthesis. These actions attenuate the effects of several
classes of antihypertensive medications.' "'

The aim of this article is to increase awareness of the
blood pressure (BP)—increasing potential of NSAIDs
and their interference with antihypertensives. First we
provide an overview of the prevalence of hypertension
and the effect it may have on cardiovascular disease
(CVD). We then discuss the mechanisms of action of
NSAIDs, with emphasis on their potential to increase BP.
Finally, we discuss the most common antihypertensive
medications and describe how NSAIDs may interfere
with their actions.

Statement of Clinical Releva

Dentists should be aware that NSAIDS can increase
blood pressure, especially in patients with hyperten-
sion. In addition, NSAIDs can interfere with the blood
pressure—lowering mechanisms of antihypertensives.
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The Effects of Nonsteroidal Anti-Inflammatory Drugs on Blood
Pressure in Hypertensive Patients

Stanley Snowden, PharmD,* and Robert Nelson, PharmD Candidatet

Abstract: Nonsteroidal anti-inflammatory drugs (NSAIDs) are ubiquitous
medications used by a wide range of people from otherwise healthy normo-
tensive patients to hypertensive patients with many significant comorbidities.
Through a variety of mechanisms related to prostaglandin inhibition, includ-
ing sodium retention and vasoconstriction, these agents may increase blood
pressure. This leads to potentially detrimental effects. A review of the current
literature regarding this topic yielded 2 meta-analyses and 10 randomized
controlled trials. There is evidence of small blood pressure increases in
normotensive patients taking NSAIDs approximating + 1.1 mm Hg. Patients
with treated hypertension show variable increases with NSAID treatment,
ranging up to +14.3 mm Hg for systolic pressure and +2.3 mm Hg for
diastolic blood pressure. Most antihypertensive medications seem to have
decreased effects with concomitant NSAID administration, with the excep-
tion of calcium channel blockers. Given the current literature, it appears that
NSAIDs increase blood pressure in patients with controlled-hypertension,
but the quantity of this increase is variable. If possible, patients who have
hypertension should avoid taking NSAIDs.

Key Words: hypertension, nonsteroidal anti-inflammatory drugs,
cyclooxygenase-inhibitors

(Cardiology in Review 2011;19: 184-191)

One of the most common disease states that clinicians encounter
is hypertension. The prevalence of hypertension in American
adults has been estimated at 32%." Nonsteroidal anti-inflammatory
drugs (NSAIDs) are among the most commonly used medications.
In the United States alone, 23% of adults over 18 years of age use
ibuprofen and 3.5% use naproxen.? NSAIDs are commonly used for
minor injuries, headaches, fever, rheumatoid arthritis (RA), and
osteoarthritis (OA), among other indications. It is therefore quite
probable that many patients will at some point, and perhaps chron-
ically, take NSAIDs, even if they have hypertension.

Nonsteroidal anti-inflammatory drugs function by inhibiting
the cyclooxygenase (COX) enzymes that produce prostaglandins
(PGs).? Cyclooxygenase enzymes are divided between the COX-1
and COX-2 isoforms. COX-1 enzymes are considered to be consti-
tutive in most tissues, whereas COX-2 enzymes are upregulated with
inflammation and cellular injury,* although they are also constitutive
in the brain and kidney.’

NSAIDs as a drug class are divided between the nonselective
and COX-2 selective categories. Nonselective NSAIDs bind both
forms of the enzymes, with examples such as ibuprofen, naproxen,
indomethacin, and piroxicam. Relative COX-1 and 2 selectivity for
nonselective NSAIDs are presented in Table 1. COX-2 selective
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NSAIDs include celecoxib, and the previously marketed rofecoxib
and valdecoxib. Lumiracoxib, etoricoxib, and parecoxib are COX-2
inhibitors that are not marketed in the United States. Lumiracoxib is
available in South America and central Europe.® Etoricoxib is
marketed in South America, Europe, the Middle East, and Southeast
Asia. Parecoxib is found in Europe, Southeast Asia, Australia, and
New Zealand.

A common adverse effect of NSAIDs is gastrointestinal (GI)
mucosal breakdown. This is caused by decreased production of PGs
by COX-1 enzymes in the GI mucosa.” Avoiding GI ulceration was
the driving force behind the creation of COX-2 selective NSAIDs.
The COX-2 selective NSAIDs have indeed been shown to have
decreased GI effects,®” but some have been implicated in increasing
the risk of myocardial infarction.” This led to the discontinuation of
marketing for all COX-2 inhibitors in the United States except for
celecoxib. Celecoxib was spared from discontinuation because of
conflicting data on the risk of cardiovascular (CV) adverse events
related to its use. Two trials'®'" comparing celecoxib and placebo
for prevention of colorectal adenomas found an increased risk for
CV-related death with celecoxib use, whereas another trial'> com-
paring celecoxib with ibuprofen or diclofenac in OA and prelimi-
nary results from a trial'> comparing celecoxib, naproxen, and
placebo in prevention of Alzheimer disease showed no increased
risk for celecoxib.

It is thought that NSAIDs may affect blood pressure (BP)
because of their inhibition of PG production via the COX enzymes.
Prostaglandins E, and I, have been shown to be potent smooth
muscle vasodilators.'* The production of PGI, has been shown to be
decreased in COX-2-inhibited subjects.'® It is possible that the
decrease in PGI, allows for greater vasoconstrictive effects from
endothelin.'® Likewise, PGI, and PGE, seem to attenuate the release
of norepinephrine.'” Natriuresis mediated by PGE, in the thick
ascending loop of Henle and collecting duct is decreased by NSAID
treatment.'® Sodium retention caused by NSAIDs is known to occur
in up to 25% of patients and may contribute to BP increases.'®
Another possible explanation for BP increases is that by blocking
the COX enzymes, arachidonic acid is shunted to cytochrome P450
enzymatic pathways. Some of the metabolites generated through
these pathways, including various epoxyeicosatrienoic and hydroxy-
eicosatetraenoic acids, have been identified as having vasoconstric-
tive properties.?’

There has been significant controversy regarding the safety of
using NSAIDs in hypertensive patients. This review article seeks to
discern what effect NSAIDs have on blood pressure, specifically in
hypertensive patients.

METHODS

A literature search was conducted using PubMed with the
following search terms: “hypertension,” “blood pressure,” “non-
steroidal anti-inflammatory drugs,” and “cyclooxygenase 2 inhibi-
tors.” These terms were cross referenced with each other with the
following limits: humans, clinical trial, meta-analysis, randomized
controlled trial, clinical trial, phase III, clinical trial, phase IV,
comparative study, controlled clinical trial, journal article, English,
and all adults from January 1, 1991 to March 8, 2011. The publi-
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Clinical Question

Do nonsteroidal anti-inflammatory drugs
(NSAIDs) cause a clinically significant
increase in blood pressure?

Evidence-Based Answer

Aspirin does not elevate blood pressure.
Among nonselective NSAIDs, ibupro-
fen increases the risk of hypertension and
stroke. Diclofenac does not increase the risk
of hypertension, but does increase the risk
of stroke. Naproxen (Naprosyn) does not
increase the risk of hypertension or stroke.
Celecoxib (Celebrex) does not increase the
risk of hypertension or stroke.

Evidence Summary

ASPIRIN AND NONSELECTIVE NSAIDS

Two meta-analyses (N = 158 studies) evalu-
ated aspirin trials that included data on
blood pressure.? Aspirin dosages were
greater than 1.5 g per day. There was no
statistically significant effect on blood pres-
sure. In a trial of 18,700 patients with hyper-
tension, participants were randomized to
receive aspirin (75 mg daily) or placebo for
a mean of 3.8 years.> There was no effect
on blood pressure. There were significant
reductions in rates of myocardial infarction
among participants who were also receiving
angiotensin-converting enzyme inhibitors
(risk ratio [RR] = 0.39; 95% confidence
interval [CI], 0.21 to 0.71).

A systematic review identified 32 random-
ized controlled trials (RCTs) that included
3,626 patients who were treated for at least
four weeks with nonselective NSAIDs.
Patients were monitored for changes in blood
pressure and rates of hypertension during
treatment. Most studies enrolled patients
with osteoarthritis or rheumatoid arthritis,
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although some included patients with other
conditions. Patients who received ibuprofen
had a greater incidence of new hypertension
compared with those in the control group
(2.9% vs. 1%; RR = 2.9; 95% CI, 1.4 to 5.7;
number needed to harm = 53).

CYCLOOXYGENASE-2 INHIBITORS

A meta-analysis of 19 RCTs that included
45,000 patients with arthritis evaluated blood
pressure after more than four weeks of treat-
ment with cyclooxygenase-2 inhibitors, non-
selective NSAIDs, or placebo® (Table 1°7).
Another meta-analysis that included 49
RCTs with 130,000 patients—most of whom
had arthritis—evaluated the effects of these
agents on the diagnosis of hypertension after
more than four weeks of treatment.® Cele-
coxib was not associated with an increased
rate of hypertension. The study did not
report absolute risk changes or provide num-
bers needed to treat or harm.

CARDIOVASCULAR OUTCOMES

A meta-analysis compared the cardiovascular
safety of naproxen, ibuprofen, diclofenac, and
celecoxib.” It included 31 RCTs (N = 120,000
patients) that had more than 100 patient-
years of follow-up per treatment arm, and that
reported on the cardiovascular end points of
myocardial infarction, stroke, cardiovascular
death, and death from any cause (Table 1>
7). None of the drugs significantly increased
the risk of myocardial infarction. Compared
with placebo, diclofenac increased the risk
of stroke, the total cardiovascular death rate
(rate ratio = 4.0; 95% CI, 1.5 to 13), and all-
cause mortality (rate ratio = 2.3; 95% CI, 1.0
to 4.9). Ibuprofen, naproxen, and celecoxib
had no significant effect on the total cardio-
vascular death rate or all-cause mortality.

American Family Physician 256A



Therapeutics and Clinical Risk Management downloaded from https://www.dovepress.com/ by 5.189.204.34 on 30-Jul-2018
For personal use only.

Therapeutics and Clinical Risk Management Dove

3

REVIEW

Adverse drug reactions and drug—drug
interactions with over-the-counter NSAIDs

Nicholas Moore!

Charles Pollack?

Paul Butkerait?

'Department of Pharmacology,
Université de Bordeaux, Bordeaux,

France; ?Pfizer Consumer Healthcare,
Madison, NJ, USA

Correspondence: Nicholas Moore
Department of Pharmacology, U657,
Université de Bordeaux, 146 rue Leo
Saignat, F-33076, Bordeaux, France
Tel +33 5 5757 1560

Fax +33 5 5757 4671

Email nicholas.moore@pharmaco.u-
bordeaux2.fr

This article was published in the following Dove Press journal:
Therapeutics and Clinical Risk Management

15 July 2015

Number of times this article has been viewed

Abstract: Nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen have a long
history of safe and effective use as both prescription and over-the-counter (OTC) analgesics/
antipyretics. The mechanism of action of all NSAIDs is through reversible inhibition of cyclooxy-
genase enzymes. Adverse drug reactions (ADRs) including gastrointestinal bleeding as well
as cardiovascular and renal effects have been reported with NSAID use. In many cases, ADRs
may occur because of drug—drug interactions (DDIs) between the NSAID and a concomitant
medication. For example, DDIs have been reported when NSAIDs are coadministered with
aspirin, alcohol, some antihypertensives, antidepressants, and other commonly used medica-
tions. Because of the pharmacologic nature of these interactions, there is a continuum of risk
in that the potential for an ADR is dependent on total drug exposure. Therefore, consideration
of dose and duration of NSAID use, as well as the type or class of comedication administered,
is important when assessing potential risk for ADRs. Safety findings from clinical studies
evaluating prescription-strength NSAIDs may not be directly applicable to OTC dosing. Health
care providers can be instrumental in educating patients that using OTC NSAIDs at the lowest
effective dose for the shortest required duration is vital to balancing efficacy and safety. This
review discusses some of the most clinically relevant DDIs reported with NSAIDs based on
major sites of ADRs and classes of medication, with a focus on OTC ibuprofen, for which the
most data are available.

Keywords: adverse effects, nonsteroidal anti-inflammatory drugs, gastrointestinal, cardiovas-
cular, renal

Introduction
Cyclooxygenase (COX) inhibitors, commonly called nonsteroidal anti-inflammatory
drugs (NSAIDs), such as ibuprofen, diclofenac, and naproxen, have anti-inflammatory
and analgesic/antipyretic properties across a wide range of dosing regimens.
Prescription-strength NSAIDs are effective for relief of chronic musculoskeletal pain
and inflammation in conditions such as rheumatoid arthritis (RA) or osteoarthritis
(OA)."? Lower, over-the-counter (OTC) doses of NSAIDs are effective for short-term
(eg, =10 days) relief of minor aches and pains due to headache, toothache, backache,
menstrual cramps, common cold, muscular aches, and arthritis.>* NSAIDs taken at
OTC doses can also be effective at relieving painful episodes in patients with chronic
diseases such as OA.* Ibuprofen is an NSAID with a long history of safe and effec-
tive use at both prescription (maximum 2,400-3,200 mg/d) and OTC (<1,200 mg/d)
doses.>* Single-dose studies using OTC doses have confirmed that ibuprofen (400 mg)
provides superior analgesic efficacy to acetaminophen (1,000 mg).*’

All NSAIDs inhibit COX, an enzyme that converts arachidonic acid to
prostaglandins, thereby mediating pain, inflammation, and fever. In the process,
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Effects of Nabumetone, Celecoxib, and
Ibuprofen on Blood Pressure Control in
Hypertensive Patients on Angiotensin
Converting Enzyme Inhibitors

Robert Palmer, Robert Weiss, Randall M. Zusman,
Ann Haig, Susan Flavin, and Brian MacDonald

Nonsteroidal anti-inflammatory drugs interfere with cer-
tain antihypertensive therapies. In a double-blind study,
385 hypertensive patients stabilized on an angiotensin
converting enzyme inhibitor were treated with nabum-
etone, celecoxib, ibuprofen, or placebo for 4 weeks. Ibu-
profen caused significantly greater increases in systolic (P
< .001) and diastolic (P < .01) blood pressures (BPs)
compared to placebo, but not nabumetone or celecoxib.
The proportion of patients with systolic BP increases of

clinical concern at end point was significantly higher (P <
001) for the ibuprofen group (16.7%; 15 of 90), but not
for the nabumetone group (5.5%; 5 of 91) or the celecoxib
group (4.6%; 4 of 87) compared to the placebo group
(1.1%; 1 of 91). Am J Hypertens 2003;16:135-139
© 2003 American Journal of Hypertension, Ltd.

Key Words: Hypertension, nabumetone, angiotensin
converting enzyme inhibitor, celecoxib.

conditions, especially in the elderly. Among the

elderly, 12% to 15% take nonsteroidal anti-in-
flammatory drugs (NSAID) and antihypertensive medica-
tion concurrently.! The NSAID have been shown to atten-
uate the blood pressure (BP)-lowering effects of diuretics,
B-blockers, a-blockers, and angiotensin converting en-
zyme (ACE) inhibitors,? leading to a loss of BP control
in a substantial proportion of patients. Using a meta-
analysis of randomized clinical trials, the effect of NSAID
on BP in patients taking antihypertensive agents was eval-
uated.*> These studies found that NSAID increased mean
BP by approximately 5 mm Hg in patients taking antihy-
pertensive therapy.*” Such elevations in BP may be clin-
ically important, as studies have shown that during several
years an increase of 5 to 6 mm Hg in diastolic BP may be
associated with a 67% increase in risk of stroke and a 15%
increase in coronary heart disease events.'® Therefore,
large numbers of patients may be placed at risk of cardio-
vascular events because of the NSAID interaction with
antihypertensive drugs.

H ypertension and arthritis are common comorbid

The exact mechanism for the NSAID effect on BP is
unclear, but most likely involves inhibition of renal pros-
taglandin synthesis. Prostaglandins play an important role
in the control of renal function by way of a variety of
regulatory mechanisms, including enhanced sodium and
potassium excretion and control of renal blood flow.?
Renal function is especially dependent on prostaglandin
synthesis under conditions of volume depletion or reduced
renal perfusion, such as congestive heart failure, where
prostaglandins maintain renal blood flow.”

Not all NSAID have the same effect on renal func-
tion.2** The adverse cardiorenal effects of ibuprofen have
been well documented when combined with ACE inhibi-
tors.>” Although cyclooxygenase-2 (COX-2) selective in-
hibitors have less gastrointestinal toxicity than traditional
NSAID, they retain the adverse cardiorenal side effects of
conventional NSAID.# The COX-2 selective NSAID have
been associated with increases in BP.** diminished renal
function,®'° and elevated risk of myocardial infarction.!!
Nabumetone, a pro-drug that is converted in the liver
to the active metabolite 6-methoxy 2-naphthylacetic (6-
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