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Abstract  This paper is to acknowledge hypertension as a leading cause of death in the world today. This condition is often 
called as a ‘”silent killer” because its symptoms can go undetected or untreated until damage to the body has occurred. Infact, 
if it is left uncontrolled, it can raise the risk of dementia, heart attack, heart failure, kidney failure, stroke, and vision loss. 
There are several other classes which are commonly used in treating hypertension which includes ACE inhibitors, diuretics, 
angiotensin-receptor blockers, beta-blockers and calcium-channel blockers. However, ACE (angiotensin-converting enzyme) 
inhibitors are used by millions of people every day as it is most prescribed and preferred by doctors today. ACE inhibitors are 
also widely used to treat other medical conditions such as after a heart attack (in the absence of heart failure) and people with 
diabetes with or without kidney disease. ACE inhibitors can be used in combination with two or more drugs from different 
classes at a time. Indeed, many people with high blood pressure will require two or more drugs to bring their blood pressure 
down to a normal level.  
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1. Introduction 
High blood pressure or hypertension is a leading cause of 

death in the world today [1]. This condition is often called a 
‘”silent killer” because its symptoms can go undetected until 
damage to the body has occurred [1]. Because of this, it is 
one of the most significantly under-diagnosed and 
under-treated medical conditions [1]. If left uncontrolled, it 
can raise the risk of dementia, heart attack, heart failure, 
kidney failure, stroke, and vision loss [1]. It is estimated that 
hypertension causes 4.5% of current global disease burden in 
both developing and developed countries [1]. Today 
hypertension-induced cardiovascular risk continue to rise 
globally as cardiovascular disease contributes to one-third of 
global mortalities (7.1 million premature deaths) and is a 
leading and increasing contributor to the global disease 
burden [1]. 

The ACE inhibitor has been used for the therapy of 
cardiovascular diseases since it was discovered in the late 
1970s and has been extensively studied and researched ever 
since [2, 6]. The ACE inhibitor was first discovered by 
scientists by exploring the role of the renin-angiotensin 
system (RAS) based on clinical settings and animal 
experiments [2, 6]. This has sparked interest based on the 
renin-angiotensin system (RAS) in other diseases as well [2].  

Since excess angiontensin II affects the systemic blood 
pressure, coronary and renal circulation, in long term it  
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induces myocardial and renal tubular necrosis [2, 3, 6]. 
Therefore, there is a need for drugs that could interfere with 
angiotensin II activities [2, 3]. Over time, it was then 
established that by suppressing the angiotensin II release by 
inhibiting ACE is an effective treatment for hypertension and 
heart failure [2, 3]. They also reduced morbidity and 
mortality only by lowering high blood pressure [2, 3]. 

Patients with high or uncontrolled hypertension have 
significant risk of complications such as coronary artery 
disease, cerebrovascular disease, hypertensive retinopathy, 
chronic kidney disease, and cardiovascular disease [2, 4, 12]. 
Hence, it is important to treat hypertension to prevent future 
complications [1, 4, 12]. The use of ACE inhibitors plays an 
important role in the treatment of heart failure as it improves 
the cardiovascular system and reduces the progression of the 
disease and ultimately death itself [1, 2, 12]. In the aspect of 
health care system, this could prove to be beneficial as ACE 
inhibitors improves the outcome and duration of life in heart 
failure patients and in long term reduces health costs [2]. 

However, as more extensive studies and experiments 
being performed to explore the benefits and areas to be 
improved of an ACE inhibitors it is clear that innovative new 
classes of drugs will be discovered to lend a helping hand in 
many areas of medicine [2, 6]. This opportunity is 
encouraged in an area such as heart failure where the 
condition is widespread and its morbidity and mortality rates 
are increasing worldwide [2, 6].  

2. Literature Review 
2.1. Clinical Indication of ACE Inhibitors 

An ACE inhibitor is a drug used primarily to treat 
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hypertension and congestive heart failure [1, 5, 11]. ACE 
inhibitors functions by inhibiting angiotensin-converting 
enzyme, a component of the blood pressure-regulating 
renin-angiotensin system [5, 6]. This component decreases 
the tension of blood vessels and blood volume, finally 
reducing blood pressure [5, 6]. Currently most commonly 
used ACE inhibitors are perindopril, captopril, enalapril, 
lisinopril, and ramipril [5, 6]. ACE inhibitors are used 
primarily to treat hypertension, although they may also be 
prescribed for cardiac failure, diabetic nephropathy, chronic 
renal failure, renal involvement in systemic sclerosis, left 
ventricular systolic dysfunction and acute myocardial 
infarction [5, 6, 12]. 

The function of an angiotensin-converting enzyme (ACE) 
inhibitor is to reduce the activity of the 
renin-angiotensin-aldosterone system [5, 6]. One of the 
mechanism is to maintain the blood pressure by releasing 
renin (a type of protein) from cells in the kidney [5, 6]. The 
secretion of renin produces another protein called 
angiotensin which signals the adrenal gland to produce a 
hormone called aldosterone [5, 6]. When there is a drop in 
blood pressure (hypotension), the body compensates by 
activating this system in response to overcome hypotension 
[5, 11]. This system is also activated when there is a problem 
with the salt-water balance of the body, such as decreased 
sodium concentration in the distal tubule of the kidney [6, 
12]. Besides that, the body also requires this system to 
overcome conditions such as decreased blood volume and 
when there is stimulation of the kidney by the sympathetic 

nervous system [5, 6]. When these situations occur, the 
kidneys release renin, which acts as an enzyme and cuts off 
all but the first 10 amino acid residues of angiotensinogen (a 
protein made in the liver that circulates in the blood) [5, 6]. 
These 10 residues are then known as angiotensin I. 
Angiotensin converting enzyme (ACE) then removes a 
further two residues which converts angiotensin I into 
angiotensin II [5, 6]. 

Angiotensin II is found in the pulmonary circulation, as 
well as in the endothelium of many blood vessels [6, 13]. 
The system in general aims to increase blood pressure by 
increasing the amount of salt and water the body retains 
although angiotensin also function to constrict blood vessels 
(a potent vasoconstrictor) [6, 13]. 

ACE inhibitor inhibits the conversion of angiotensin I to 
angiotensin II [6, 12]. Therefore, the arteriolar resistance is 
lowered and the venous capacity is increased [6, 12]. This 
causes an increase in cardiac output, cardiac index, stroke 
work, and volume, thus lowering the renovascular resistance 
and leads to an increased natriuresis (excretion of sodium in 
the urine) [6, 13]. Concentration of renin will increase in the 
blood due to negative feedback of conversion of angiotensin 
I to angiotensin II [6, 12]. Therefore angiotensin I will 
increase in concentration as angiotensin II will decrease   
[6, 12]. This causes aldosterone to decrease which reduces 
sodium reabsorption [6, 12]. Bradykinin will also increase 
due to less inactivation that is done by ACE 
(angiotensin-converting enzyme) [6].  

 

Table 1.  Classification and management of blood pressure for adults (Consumer Reports Health Best Buy Drugs 2011) 
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Figure 1.  Role of renin-angiotensin-aldosterone system (Rad 2006) 

Under normal conditions, mechanism of angiotensin II 
causes vasoconstriction of blood vessels [6, 12]. Vascular 
smooth muscle hypertrophy (enlargement) induced by 
angiotensin II may lead to increased blood pressure and 
hypertension [6, 12]. In the long term, constriction of the 
efferent arterioles of the kidney leads to increased perfusion 
pressure in the glomeruli [6]. It contributes to ventricular 
remodeling and ventricular hypertrophy of the heart [6]. 
Angiotensin II stimulates the adrenal cortex to release 
aldosterone, a hormone that acts on kidney tubules that 
causes sodium and chloride ions retention and potassium 
excretion [6, 13]. Sodium is a "water-holding" ion that leads 
to an increased blood volume which then increases blood 
pressure [6, 13]. The stimulation of the posterior pituitary 
gland releases vasopressin (antidiuretic hormone, ADH) 
which also acts on the kidneys to increase water retention [6]. 
If ADH production is excessive in heart failure, Na+ level in 
the plasma may drop (hyponatremia) and this increases the 
risk of death in heart failure patients [6]. Therefore, an ACE 
inhibitor is used to decrease the production of angiotensin II 
resulting in the decreased of blood pressure [6, 13]. 

2.2. Adverse Effects 

Every drugs has its benefits and its shortcomings. The 
same concept implies with ACE inhibitors [6]. It is common 
to encounter drug reactions such as hypotension, high 
potassium concentration (hyperkalemia), headache, 
dizziness, fatique, nausea, and renal impairments in patient 
on ACE inhibitors therapy [5, 6, 11]. ACE inhibitors may 
also elevate pain related to inflammation. This condition is 
caused by the accumulation of bradykinin that occurs after 
ACE is inhibited [5].  

One of the most common symptoms encountered in 
patients on ACE inhibitors therapy is a persistent dry cough 

[5, 6]. This is due to the increase in bradykinin levels caused 
by the ACE inhibitors [5, 6]. Patients with these complaints 
are then switched to angiotensin II receptor antagonists 
(ARB) to reduce or even eliminate this symptom [6, 7].  

In rare cases such as rash and taste disturbances have been 
reported in patients on ACE inhibitors therapy [5, 6]. This 
condition is believed to have occurred more prevalent with 
the use of captopril and it is associated to its sulfhydryl 
moiety. This has led to a decreased use of captopril in clinical 
settings, although it is still preferred in several procedures 
such as scintigraphy of the kidney. Another significant 
adverse effect of all ACE inhibitors is the renal impairment 
[6, 11]. This is caused by the effect on angiotensin 
II-mediated homeostatic functions, such as renal blood flow 
[6, 11]. Renal blood flow may be affected by angiotensin II 
due to its vasoconstriction properties at the efferent arterioles 
of the glomeruli of the kidney, thereby increasing the 
glomerular filtration rate (GFR) [6]. Hence, by reducing 
angiotensin II levels, ACE inhibitors may reduce GFR, a 
marker of renal function [6]. To be specific, they can induce 
or exacerbate renal impairment in patients with renal artery 
stenosis [6]. This is especially a problem if the patient is 
taking an NSAID and a diuretic at the same time [6]. When 
the three drugs are taken together, there is a very high risk of 
developing renal failure [6].  

ACE inhibitors may also cause hyperkalemia [6]. A 
patient that consumes ACE inhibitors leads to suppression of 
angiotensin II which then leads to a decrease in aldosterone 
levels [6]. Since aldosterone is responsible for the excretion 
of potassium, ACE inhibitors could indirectly cause 
retention of potassium which leads to hyperkalemia [6, 11]. 
A severe allergic reaction also can take place that affects the 
bowel wall and secondarily cause abdominal pain [6]. This 
anaphylactic reaction however is very rare [6]. Some patients 
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could develop angioedema due to increased bradykinin 
levels [6]. There appears to be a genetic predisposition 
toward this adverse effect in patients who degrade 
bradykinin more slowly than average [6].  

In pregnant women, consumption of ACE inhibitors 
during the first trimester can cause major congenital 
malformations, stillbirths, and neonatal deaths [6, 8]. Fetal 
abnormalities that could occur includes hypotension, renal 
dysplasia, anuria/oliguria, oligohydramnios, intrauterine 
growth retardation, pulmonary hypoplasia, patent ductus 
arteriosus, and incomplete ossification of the skull [6, 8]. 
Overall, about half of newborns exposed to ACE inhibitors 
are adversely affected and present with risk with birth 
defects [8]. 

2.3. Contraindications and Precautions 

The ACE inhibitors are contraindicated in patients with 
previous history of angioedema, renal artery stenosis or 
hypersensitivity to ACE inhibitors [6]. 

ACE inhibitors should also be avoided in women who are 
likely to become pregnant [5, 6, 8]. In many countries, ACE 
inhibitors are labelled with a warning concerning the risk of 
birth defects when taken during the second and third 
trimester [5, 8]. Potassium supplementation could be given 

to patients due to the hyperkalemic effect of ACE inhibitors 
however it should be used with caution and under medical 
supervision [6].  

Drug interactions should also be carefully monitored to 
avoid unwanted adverse effects [6].  

2.4. Therapuetic Recommendations 

All ACE inhibitors have similar antihypertensive efficacy 
when equivalent doses are administered [5, 6]. The main 
focus should be given on the differences in all ACE 
inhibitors especially with captopril, the first ACE inhibitor 
[5]. Captopril has a shorter duration of action and an 
increased incidence of adverse effects [4]. Captopril is also 
the only ACE inhibitor which is capable of passing through 
the blood–brain barrier, although the significance of this 
characteristic has not been shown to have any positive 
clinical effects [4]. One of the agents in the ACE inhibitor 
class, ramipril has the ability to reduce the mortality rates of 
patients who suffered a myocardial infarction, and to slow 
the subsequent development of heart failure [4, 10]. 
Ramipril's additional benefits may be shared by some or all 
drugs in the ACE inhibitor class [4, 10]. However, ramipril 
currently remains the only ACE inhibitor for which such 
effects are actually evidence-based [4, 10]. 

 

Table 2.  Clinically significant drug interactions of ACE inhibitors (Prabhu 2005) 

NO INTERACTING DRUGS OUTCOMES ONSET PROBABLE 
MECHANISMS MANAGEMENT 

1. Allopurinol May result in Stevens 
Johnson Syndrome Delayed Unknown Monitor for hypersensitivity 

2. Thiazides First dose hypotension Rapid Diminished response to 
pressor amines - 

3. NSAIDs 
May result in decrease 
antihypertensive and 

natriuretic effects 
Delayed Inhibition of prostatglandin 

synthesis 
Monitor BP, hyperkalemia 

and acute renal failure 

4. Potassium 
Concurrent use of 

potassium and ramipril 
in hyperkalemia 

Delayed Lowered aldosterone levels 
Monitor serum potassium 
for renal dysfunction and 

elderly patient 

5. Loop diuretics Postural hypotension 
(first dose) Moderate 

Vasodilatation and relative 
intravascular volume 

depletion 

Monitor hypotension, fluid 
status and body weight 

regularly for up to 2 weeks 
adter dose adjustments 

6. Lithium 

May result in lithium 
toxicity (weakness, 

tremor, excessive thirst, 
confusion) and/or 

nephrotoxicity 

Delayed Unknown 

Monitor serum lithium 
levels and follow for any 

evidence of lithium toxicity 
if ramipril is added to 

therapy; lower lithium doses 
may be required 

7 Amiloride Enhanced hypotensive 
effect/ hyperkalemia Delayed 

Increased potassium 
retention secondary to 

lowered aldosterone levels 

Monitor serum potassium 
level 
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Table 3.  Practical guidance on the use of ACE inhibitors (McMurray, 2005) 

 
 

3. Conclusions 
After discussing the points of view, it has been concluded 

that an ACE inhibitor is a pharmaceutical drug used 
primarily for the treatment of hypertension and congestive 
heart failure. Angiotensin-converting enzyme inhibitor plays 
an important role in reducing the activity of the 
renin-angiotensin-aldosterone system hence lowering the 

blood pressure. A persistent dry cough is a relatively 
common adverse effect that is believed to be associated with 
the increases in bradykinin levels produced by ACE 
inhibitors. However, patients who experience this cough are 
often switched to angiotensin II receptor antagonists. Each 
ACE inhibitors have its own strengths with different starting 
dosages. Therefore, it is important to educate patients about 
the adverse effect of the prescribed drug and consult them to 

Indications : 

• Potentially all patients with heart failure 

• 1st line treatment (aalong with beta blockers) in patients with NYHA Class II-IV heart failure, start as early as possible in course of 

disease. ACE inhibitors also of benefit in patients with asymptomatic LVSD (NYHA Class I) 

Contraindications : 

• History of angioneurotic oedema 

• Known bilateral renal artery stenosis 

Cautions/ Seek specialist advice: 

• Significant hyperkalaemia (K+> 5.0mmol/L) 

• Significant renal dysfunction (creatinine > 221umol/L or > 2.5mg/dL) 

• Symptomatic or severe asymptomatic hypotension (systolic BP <90mmHg) 

Which ACE inhibitors and what dose : 

    Starting dose (mg)  Target dose (mg) 

• Captopril   6.25 thrice daily    50 thrice daily 

• Enalapril   2.5 twice daily   10-20 twice daily 

• Lisinopril   2.5-5 once daily   20-35 once daily 

• Ramipril   2.5 once daily   5 twice daily or 10 once daily 

• Trandolapril   0.5 once daily   4 once daily 

How to use? 

• Start with a low dose 

• Double dose slowly at not less than 2 weekly intervals 

• Aim for target dose or failing that, the highest tolerated dose 

• Remember some ACE inhibitor is better than no ACE inhibitor 

• Monitor blood pressure and blood chemistry (urea, BUN, creatinine, K+) 

Advice to patient? 

• Treatment is given to improve symptoms, to prevent worsening of heart failure leading to hospital admission and to increase survival. 

• Symptoms improve within a few weeks to a few months of studying treatment. 

• Advice patients to report principal adverse effects i.e. dizziness or symptomatic hypotension, cough. 

• Advice patients to avoid NSAIDs not prescribed by a physician and salt substitutes high in K+. 
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regularly check their blood pressure to monitor if there is any 
improvement or worsening of symptoms. Hence, the dosage 
should be adjusted according to the clinical response that is 
experienced by the patients.  
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