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Hypertension is considered "resistant" when it remains uncontrolled 
on an adequate regimen of at least three drugs in a compliant patient. 
With the development and clinical use of better tolerated antihyper
tensive drugs, the incidence of refractory or drug-resistant hyper
tension has fallen to some extent. At the same time, however, we are 
seeing a greater number of patients with resistant hypertension because 
of the wide-spread diagnosis and treatment of hypertension. 

It should be understood that "resistant" hypertension is not 
synonymous with "severe" hypertension. Simply stated, severe 
hypertension is not always refractory to treatment whereas sometimes 
even mild to moderate hypertension may be resistant to adequate 
antihypertensive therapy. 

For the purpose of today's discussion, I shall arbitrarily define 
resistant hypertension as a diastolic blood pressure greater than 100 mm 
Hg in a patient already taking adequate doses of at least three drugs, 
namely a diuretic, an adrenergic inhibitor, and a direct vasodilator. 
The rationale for this arbitrary definition is that in a great majority 
of patients hypertension can be controlled with one or two drugs _and in 
the remaining minority, the addition of a third agent should be enough 
to achieve the therapeutic goals. Whe~ the patient's blood pressure is 
not controlled despite the maximum doses of triple drug therapy or if 
the patient is not able -to take the recommended doses of drugs because 
of contraindications or intolerable side-effects, then hypertension is 
said to be resistant to drug therapy. Patients who cannot tolerate 
simple drug therapy or in whom certain contraindications prohibit the 
use of adequate doses of drugs also fit the definition of res i stant 
hypertension . 

What should be considered an adequate antihypertensive regimen 
before labelling hypertension as being drug resistant? First, it is 
important to ensure that the patient is following a diet moderately low 
in salt, i.e . , two grams of sodium (88 mEq) per day. Second, a 
diuretic, 50-100 mg hydrochlorothiazide or its equivalent, should be 
used for several weeks or months. Third, adequate doses of an 
adrenergic inhibitor should also be given a fair trial. In addition to 
the above, hydralazine, 200-400 mg should be tried. Although the 
general practice is to limit the maximum daily dose of hydralazine to 
200 mg, I tend to use higher doses - up to 400 mg, if the patient can 
tolerate it. In this group of difficult hypertensives, the benefits 
outweigh the risk of drug induced lupus. Table 1 exemplifies a 
satisfactory antihypertensive regimen. 

TABLE l 

EXAMPLE OF A SATISFACTORY 

ANTIHYPERTENSIVE REGIMEN 

1. HYDROCHLOROTHIAZIDE 50 ·100 mg OR ITS EQUIVALENT 

PLUS 

11. AN ADRENERGIC INHIBITOR * 
PLUS 

Ill. HYDRALAZINE 200 · 400 mg 

*See Table 4 for Classification and Oases 



CAUSES OF RESISTANT HYPERTENSION 

A patient's blood pressure may fail to respond to antihypertensive 
therapy for one or more reasons (Table 2). Sometimes, it is impossible 
to explain the basis of resistance to drugs. A careful analysis should 
be made of the patient's clinical course and concurrent drug therapy in 
order to gain an insight into the possible cause(s) of resistance to 
therapy. 

TABLE 2 

CAUSES OF RESISTANT HYPERTENSION 

1. Invalid blood pressure measurements 
2. Excessive salt Intake 

3. Poor compliance with drug therapy 

4. Inadequate treatment 

5. Adverse drug effects and Interactions 

6. Target organ damage (kidneys) 

7. Secondary form of hypertension 

I. Invalid Blood Pressure Measurements 

Falsely elevated blood pressure can be encountered in obese 
individuals when their blood pressure is measured with an 
inappropriately sized cuff. The artificially elevated reading is 
particularly likely when a regular sized (adult) cuff is used in 
patients with arm circumference greater than 35 em (Nielson and 
Janichie, 1974; Geddes and Whistler, 1978). Therefore, the blood 
pressure in the obese should be measured with the large ("thigh" or 
"elephant") cuff. In some extremely obese patients, consideration must 
be given to a one-time, direct verification of intra-arterial blood 
pressure before subjecting the patient to complex or potent drug therapy 
on the basis of indirect cuff blood pressures. The ambulatory cuff 
measurements can also overestimate the blood pressure in non-obese 
elderly patients with rigid, non-compressible arteries due to 
generalized atherosclerosis (Spence et al, 1978; Vardan et al, 1983) . 

Sometimes the blood pressures obtained in the office are higher 
than the home measurements. If the patient is obtaining reliable blood 
pressures at home, this must be considered in the therapeutic plan. 
With multiple visits to the office or clinic, aided by good 
physician-patient rapport, the magnitude of these pressor reactions may 
decrease. 

II. Excessive Salt Intake 

The therapeutic effects of the diuretics can be overcome by 
excessive salt consumption (Wilson & Fries, 1959}. Furthermore, the 
antihypertensive effects of non-diuretic antihypertensive drugs may be 
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reduced by excessive salt intake (Dustan et al, 1972; Dustan et al, 
1974). This is not an uncommon cause in patients not responding to 
"adequate" drug therapy. Patients on a stable dose of a diuretic 
usually attain steady state of sodium balance after two to four weeks of 
therapy. Therefore, urinary sodium estimation will reflect the dietary 
intake; a 24-hour urinary sodium excretion greater than 150 mEq 
represents liberal salt ingestion. 

Illustrative Case #1: Poor blood pressure control due to excessive 
salt 1ngest1on 1n a pat1ent on multi-drug regimen. 

T.C., a 49 year old white male was evaluated for severe 
hypertension and recurrent hypokalemia. The diagnosis of primary 
aldosteronism was excluded by appropriate tests. On the regimen of a 
diuretic, methyldopa (2 grams/day) and hydralazine (200 mg/day), his BP 
remained at 150/100. It was suspected that he was probably eating 
excessive quantities of salt, although he thought that his salt intake 
was not high; his 24 hour urine sodium was 349 mEq! He was informed of 
this and advised about a low salt diet. In a few months, his weight 
decreased by 7 pounds and his BP dropped to 120/84-90 on the same 
regimen of drugs. 

Ill . Poor compliance with Drug Therapy 

Perhaps the most common cause of resistance to antihypertensive 
treatment is non-compliance. Since hypertension is often asymptomatic, 
patients find it difficult to take the medicines everyday. The 
complexity of a drug regimen, misplaced priorities, cost, adverse 
effects of therapy, misinformation, lack of understanding about the need 
to take the medicine regularly, discordant health beliefs, and finally, 
the symptomless nature of the hypertension itself are some of the 
factors contributing to patient non-compliance (Table 3). The lack of 
understanding is not always the patient's fault but at times the 
physician may fail to give an adequate explanation for the rationale of 
treatment. It has been reported that nearly 40-50% of hypertensive 
patients do not take their medications regularly (Sackett DL, Haynes RB, 
1976 ; Engel land et al, 1979). 

TABLE 3 

REASONS FOR NON-COMPLIANCE 

1. Complexity of the drug regimen 

2. Economic burden 

3. Adverse effects from treatment 

4. Lack of understanding 

5. The asymptomatic nature of the disease itself 

It is not easy to evaluate compliance. Of course, it is quite 
simple if the patient admits to non-adherence. If not, the physician 
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should look for possible clues to non-compliance such as evasive 
answers, repeatedly missed appointments, lack of pharmacological effects 
of drug therapy, e.g., bradycardia from beta-blockers, and biochemical 
effects from diuretics, etc. The measurement of drug levels can be 
helpful but the methodology is not routinely available in clinical 
practice; even this could be misleading if the patient decides to take 
medications for a few days before the scheduled appointment. Similarly, 
pill counts are not always reliable in assessing the patient's adherence 
to therapy. Certainly, non-compliance is more likely if there is little 
rapport between the physician and the patient. Although non-compliance 
should not be overlooked, it may be a mistake to as sume that the patient 
is non-compliant without reasonable proof. 

Illustrative Case #2: Resistant hypertension in a non-compliant 
patient. 

M.S., a 38 year old black female, has had drug-resistant 
hypertension for many years. Over the years, he r BP has become 
increasingly difficult to control, necessitating hospitalization on more 
than one occasion. Despite adequate · doses of multiple drugs, her blood 
pressure increased relentlessly. On daily doses of hydralazine 400 mg, 
propranolol 320 mg, and furosemide 80 mg her BP remained 180/1 20. She 
was asked to restrict salk intake and was advised of potentially serious 
complications that could result from uncontrolled hypertensi on. A week 
later her BPs were 120/86 and 140/100 on the same regimen of drugs. 

IV. Inadequate Treatment 

The blood pressure may fail to respond if the medicat ions are given 
in less than optimal dosage or if they are given inappropriatel y . For 
example, hydrochlorothiazide, even at a high dose is un l ikely to be of 
benefit to a patient whose creatinine clearance is less than 30 
ml/minute. In this situation, a loop-diuretic should be chosen. As 
alluded to earlier, most of the non-diuretic antihypertensive drugs 
cause fluid retention which may minimize their usefulness unless an 
effective dose of a diuretic is used. This phenomenon, the so-called 
"pseudo-tolerance" is particularly likely when potent drug s such as 
hydralazine are used. The fluid retention does not necessarily manifest 
as clinical edema but it leads to loss of blood pressure control and 
weight gain. An example of this phenomenon is shown in Figure 1 (Ramsay 
et al, 1983). 

At times, physlcians may be reluctant to use optimal doses of the 
drugs. The ceiling dose should either be the max imum recommended dose 
or the highest that the patient can tolerate wi t hout experiencing 
physical, physiological or biochemical adverse effects. Since 
individuals differ in their ability to tolerate drug therapy, the 
optimal dose is variable. If the patient experiences no adverse 
effects, an optimal dose should be used for several weeks before 
assessing the response . There is no point in usi ng two drugs of the 
same pharmacological class or trying multiple drugs in inappropriate 
doses. Administration of potent antihypertensi ve drugs usually (but not 
always) necessitates concurrent high-dose diuretic therapy. The 
recommended doses of some antihypertensive drugs are shown in Table 4. 
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Figure l Relation of change in body weight and changes in systolic (left) and diastolic (right) blood 
pressure in 14 hypertensive patients who had hydralazine hydrochloride (up to 100 rng daily) added to 
diuretic and beta·blocker therapy lor six weeks. Patients who gained weight had little blood-pressure 
response and vice versa. In the short term, weight gain reflects an increase in extracellular fluid 
volume, and these data suggest that false tolerance develops early during treatment with hydralazine 
hydrochloride and that treatment with a thiazide diuretic does not prevent its development. 

(From Ramsay et a1, 1983a &·1983b) 

Table 4: Drugs Used in the Treatment of Hypertnsion 

D1uret1cs 
Drug 

Thiazides 
Hydrochlorothiazide 
Triclllormethiazide 
Methyclothiazide 

~1eto l a zone* 
Ch lorthalidone 
Furosemide* 
Bumetanide* 
Spi ronolactone 
Triamterene 
Am il or ide 

Adrenergic inhibitors 
Reserpine 
Gua nethidine 
a-Methyldopa 
Clonidine 
Prazosin 
Propranolol 
r~etopro l 0 l 
Nadolol 
Pindolol 
Atenolol 

Direct vasodilators 
Hydralazine 
~1inoxidil 

Inhibitors of renin-angiotensin 
sys tern 

Captopril 

Total daily dose 
(mg) 

50 to 100 
2 to 4 

2. 5 to l 0 
2.5 to 10 

25 to 50 
40 to 240 

2 to 10 
25 to 400 

100 to 300 
5 to 20 

0.10 to 0.25 
10 to 200 

500 to 3000 
0. l to 2. 4 

l to 20 
40 to 640 
50 to 400 
40 to 640 
15 to 40 
50 to l 00 

75 to 400 
5 to l 00 

75 to 450 

*Larger doses may be used 1n renal 1nsuff1c1ency 

Doses/Day 

l to 2 
l to 2 
l 
l 
l 
2 to 4 
2 
2 to 3 
2 
l to 2 

l 
1 
l to 3 
l to 2 
2 to 3 
2 to 3 
2 to 3 
l 
2 
l 

2 to 3 
l to 2 

2 to 3 
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V. Drug Effects and Interactions 

We should be aware that certain drugs can actually raise blood 
pressure elevation and some drugs may antagonize the effects of 
antihypertensive drugs. Corticosteroids, es trogens, sympathomimetic 
agents, and non-steroidal anit-inflammatory drugs are all known to 
increase the blood pressure to a variable degree in normotensive and 
hypertensive subjects (Table 5). 

Table 5-Pathogenotlc Mechanisms ol Chemically 
Induced Hypertension 

Predominant Mechanism Chamlul Agent 
Expansion of axtracatlular Sodium 

fluid volume Antacldt 
GlycyrrhiZI and "artvatlvaa 
~lneratocorttcoldt 

Anabolic or androgenic ate
rotda 

Oral contracaotlvat 
Nonataroldal anl i-lnflammatory 

druga 

Affecting autonomic narvoua Otract or Indirect tympathoml-
tytttm matlct 

Tricyclic antldtprtuanta 
Monoamlne-o•ld••• lnhlbltora 

{In combination) 
Lhodopa 
An .. that lca or narcotlct 
Ergot alkaloidt 

Mhted or unknown mechanism Poltona 
Mala Ia 
Orgamc tnd Inorganic com

poundt 
Spider bltaa and teorplon 

atingt 
Vartout dtacnoauc and thera

peutic ac;tntt 
Parado~~;lca l rnpon .. to anllt'ly- ,8-Adrenerglc receptor blockers 

perttnliVIIQinla (CIIechOI- laDetiiOI 
amlnt txceu?) Saratuin ecet111 

Rebound hyper1enl4on 
(caltchotemlne e•ce11?) 

Postganglionic blocking 
agent• 

Clonldlne hydrochlorldl, m .. 
th ldOOI 

Ctonldlne hydrochloride. mlthyt
dopa 

Propranolol hydrochloride 
Postgenghontc blocking drugs 

Since a number of hypertensive patients also take concurrent 
therapy for unrelated disorders, there is some risk of an adverse drug 
interaction resulting in loss of blood pressure control. For example, 
it has been shown that indomethacin may diminish the natr iuret ic potency 
of furosemide (Patak et al, 1975; Chennavasin et al, 1980) (Fig 2). 
Certain anticonvulsants, including the commonly used diphenylhydanton 
may similarly block the actions of furosemide (Ahmand S, 1974). 
Aspirin, even in modest doses, can counteract t he efficacy of 
spironolactone (Ochs, 1978; Tweedale, 1973 ) . Examples of drugs that may 
adversely interact with antihypertensive agents are shown in Table 6. 
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Effects on arterial mean blood pressure and daily sodium ex
cretion. Bars denote mean of the Increase or decrease as compared 
with that in the initial control period of pooled data on four normal 
subjects and six hypertensive patients with one standard error of the 
mean. The results were statistically significant except ( i) the effect 
of combination treatment on mean blood pressure and (ii) the effect 
of Indomethacin treatment on daily urinary sodium excretion. When 
data were separately onalyzcd for normal subjects and hypertensive 
patients, the differences were still statistically s ignificant (p <0,05) 
with the same two exceptions, (From Patak et al, 1975) 

TABLE 6 

DRUGS THAT MAY ADVERSELY INTERACT 

WITH ANTIHYPERTENSIVE AGENTS 

ANTIHYPERTENSIVE AGENTS 

FUROSEMIDE 

SPIRONOLACTONE 

CLONIDINE 

METHYLDOPA 

PROPRANOLOL 

GUANETHIDINE 

INTERACTING DRUGS 

INDOMETHACIN 

ANTICONVULSANTS 

SALICYLATES 

PROPRANOLOL 

TRICYCLIC ANTIDEPRESSANTS 

?TRICYCLIC ANTIDEPRESSANTS 

CLONIDINE 

AMPHETAMINES 

TRICYCLIC ANTIDEPRESSANTS 

EPHEDRINE 

MAO INHIBITORS 
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The antihypertensive effect of guanethidine and related compounds, 
bethanidine and debrisoq uin, is attenuated by many medications (Stone et 
al, 1964}. Tricyclic antidepressants inhibit the non-epinephrine pump 
by which guanethidine gains access to the post-ganglionic neuron thereby 
mi nimizing its pharmacological effects. This may result in increases in 
the bl ood pressure insidiously over several weeks (Mitchell et al, 1970; 
Mitchel l and Oates, 1970; Meyer et al , 1972) (Fig 3). On the other 
ha nd , sudden discontinuation of the tricyclics may result in severe 
hypotension if the gua nethid ine dose is not reduced simulta neously . 
Besi des tricyclics, various sympathomimentic drugs like amphetamine, 
ephedrine, etc . antagonize t he t herapeutic effects of guanethidi ne. 

The tricyclics can also interfere with the antihypertensive effects 
of cloni dine and methyldopa (van Zwieten, 1975; Briant et al, 1973; van 
Zwieten, 1977} (Fig 4). It has been suggested that proprano l ol may 
cause paradoxica l hypertension in patients receiving methyldopa (Nie s 
and Shand, 1973) but the actual incidence of such an interact ion is not 
known. Similarly, beta-blockade can potentially worsen the hy"pertension 
followi ng cessation of cl onidine (Bailey & Neal, 1976) but how 
frequently this occurs has not been ·determined . In patients with 
pheochromocytoma, beta-blockers can aggravate the symptoms and 
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hypertension unless the patient is pretreated with alpha blockers(Ram & 
Engelman, 1979). It has been suggested that beta-blockers and diuretics 
can actually raise the BP in low and high-renin patients respectively 
(Drayer et a l , 1976; Baer et a l , 1977). However, such pressor effects 
are probably quite uncommon in clinical practice. 

VI. Secondary Forms of Hypertension 

Since hypertension is a common disorder and because a vast majority 
of patients have the "essential" variety, routine investigation of 
patients for secondary causes has declined in· the past few years. 
However, resistance to therapy may be a clue to the presence of a 
secondary form of hypertension (Gifford and Tarazi, 1978; Manger and 
Gifford, 1977, Gwinup and Steinberg, 1967). Therefore, in patients who 
are truly resistant to a fair trial of multiple drug therapy, 
consideration must be given to exclude a secondary form of hypertension 
with the realization that not all the secondary causes are curable. 

The sudden onset of severe hypertension in a patient whose blood 
pressure has been previously well controlled or abrupt onset of new 
hypertension in a patient less than 30 years or greater than 50 years 
may be a clue to the presence of a secondary etiology, such as 
renovascular disease (Ram, 1981). Rapidly deteriorating renal function 
in a hypertensive patient may indicate bilateral renal artery stenosis 
(Breslin et al, 1982). A steady decline in renal function can occur 
when hypertension is secondary to or associated ~lith renal parenchymal 
disease. The other forms of secondary hypertension should be suspected 
not only on the basis of resistant hypertension but in consideration of 
other clinical findings (Table 7). 

Illustrative Case #3: Resistant hypertension in a patient with 
secondary hypertens1on (primary aldosteronism). 

V.O., a 58 year old white male, was seen because of severe 
hypertension not responding to most antihypertensive drugs (170/110 to 
194/114). His BP ultimately responded to minoxidil (plus a beta-blocker 
and a diuretic). A major problem with this patient was persistent 
hypokalemia(< 2.5 mEq/1) despite large amounts of potassium 
supplements. In view of this, work-up for primary aldosteronism was 
undertaken in the hospital. Sequential studies including plasma 
aldosterones, saline suppression test, CT scan, and adrenal venography 
pointed to the diagnosis of primary aldosteronism due to bilateral 
adrenal hyperplasia. 

He was placed on spironolactone (200 mg/day) which not only 
restored the potassium balance (K+ 4.5) but also made the BP more 
controllable with fewer medications. On a regimen of spironolactone and 
metoprolol his BP was 110/80; a few weeks ago metoprolol was also 
discontinued. 
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Table 7 Clues to secondary forms ol hypertension 

Dla~nosls Age at onset Clinical feature• 
Additlon1l diR~"Tlo~tlc 

Routine 1tudlu 1tudles 

Chronic renal disease, Any age May be a history of Urinalysis, BUN, serum Abdominal ultrasound, 
glomerulonephritis, nephr(ltic syndrome, creatinint•, and/or renal biop~y 
pyelonephritis, hemnturta, protC"inuria. Jntravl'nous urogram 
polycystic kidneys, urinary infections, may be abnormal 
hereditary nephritis nephrolithlasi5; family 

history may be pos itive 

Renovascular disease Generally before Abdominal bruit usuaJly Abnormal intravenous Renal arteriogram, 
35 yr or after 50 yr present, especially in urogram with asymmetry renal vein renins 

younger age group in renal size and/or delay in 
appearance time of contrast 
medium on stenotic side 

Primal)' More common Usually asymptomatic. may Hypokalemia and Plasma renin activity, 
aldosteronism between 30 and present with muscle weak- inappropriate kaliurcsis• plasma and urtl1ary 

50 yr, but can ness or periodic paralysis. aldosterone 
occur at any age Temporary remission o! 

hypertension and hypo-
kalemia during pregnancy 
may occur. 

Cushing's syndrome Any age Cushingoid appearance Plasma cortisol, glucosE> Urinary 17-0H following 
with or without excessive rolcrance tes t usually d~xamethasone 

pigmentation abnormal suppression 
Congenital adrt!nal Usually childhood; Virilization (with or with- Hypokalemia is Plasma and urin.u·y DOC 
hyperplasia, occasionally out pseudohermaphro- occasionally observed; and 11-deoxycorti!Ol 
11-J)-hydroxylase adolescence or dlti5m) in females, plasma cortisol is arc increased 
deficiency early adulthood precocious puberty in males usually low; 17-0H and 

17-KS are increased 
17-a-hydroxylase Adolescence Primary amenorrhea and H ypok•lcmia and In- Plasma and urinary DOC 
deficiency absence of secondary sex appropriate kaHuresis,• and corticosterone 

characteMstics in females, plasma cortisol, l7-0H are increased 
pseudohermaphroditism in and 17-KS are low 
males 

Coarctation Childhood, Reduced leg pressure, Rib notching on chest Aorto~am 
adolescence. or delayed femoral pulses, x-ray 
eady adulthood interscapular LruiLS, and 

systolic murmur may be 
present 

Pheoch romocytomat Any age Paroxysma1 or sustained Urinory VMA and Pl~ma catecholamJnes, 
hypertension. headaches. metanephnnes· abdominal CAT scan, 
pa1pitations, sweating, and/or aortography 
postural hypotension. 
tachycardia, hypermetabolic 
alate, weight Joss 

•A 2o4-hr unnary potassium excretion oC>40 mEq. with a correspondwg st-rum potassium of <J . ~ mEqt lile r 
fPheochromocytoma may be inherited as an autosomal dom inant t ra it in ass0c1 ataon w ith m('dullary carcinoma of the thy roid and / or .. 

hyperparathyroidism. This clinicopathological syndrom~ is known as multipi ~ endocrine adtmoma~t~ sas Type II or ··s1pplc syndromc. 
DOC •ll·desoxycorticosterone 
li ·OH • 17·hydroxycorticostero ids 
17·KS •17-ketost~ roids 



Illustrative Case #4: Renovascular hypertension presenting as 
drug-res1stant hypertens1on. 

J.M., a 46 year old white female was admitted to the hospital 
because of chronic hypertension which has not responded to incremental 
doses of antihypertensive drugs. Patient's BP was 210/140 mm Hg on 
hydralazine (200 mg/day), metoprolol (200 mg/day) and furosemide (80 
mg/day). As the doses were gradually doubled, BP stabilized at 170/106 
mm Hg. 

The possibility of renovascular hypertension was considered based 
on the above clinical cause plus the presence of a high pitched 
systolic-diastolic abdominal bruit and the work-up revealed bilateral 
atherosclerotic renal artery stenosis. Renal vein renins were 85 
ng/ml/hr (left) and 18 ng/ml/hr (right), venacaval PRA was 20 ng/ml/hr. 
The renal vein renin ratio--left:right was 4.7:1 and surgery was 
recommended. The night before surgery her BP remained at 200/110. A 
few days after surgery, her BP stabilized close to 130/90 (off 
treatment). Subsequent follow-up in the office revealed BPs 140-150/90 
but her home BPs were much lower--130/80. 

This case underscores the need to consider renovascular hyper
tension in a patient not responding to potent antihypertensive drugs, 
es pecially if the patient is white (in blacks, the prevalence of 
renovascular hypertension is probably low). 

Illustrative Case #5: Patient with resistant hypertension (due to 
adverse effects from drug therapy) who turned out to have renovascular 
hypertension. 

G.D., a 53 year old female was seen because she was "unable" to 
take blood pressure medications, as they were causing unbearable side 
effects including sedation, dizziness, palpitations, etc. Her BP was 
210/120 but I was not sure if she was taking medicati on s. A previous 
IVP was "abnormal." 

Close observation indeed confirmed t he patient's inability to 
tolerate drug therapy. A renal arteriogram revealed bilateral 
fibromuscular dysplasia and renal vein renin ratio was 1.5 :1 (R:L). 
Preoperative GP was 170/100 on beta blockers. Right renal 
revascularization was done. She was discharged on no therapy and 
follow-up BPs were normal (130-132/90). 

A secondary cause such as renovascular hypertensin should be 
considered in patients with resistant hypertension due to intolerance to 
drug therapy. 

MANAGEMENT OF RESISTANT HYPERTENSION 

Patients with resistant hypertension are at a great risk of 
developing complications unles s the blood pressure is controlled. 
Therefore, this group of patients deserve special attention and 
appro priate therapeutic adjustments must be made. Before changing the 
existing therapy drastically, the physician should ascertain that the 
patient is indeed compliant. One should also look into possible causes 
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of resistance, such as drug induced hypertension, drug interactions, and 
secondary hypertension etc . 

Successfu l management of resistant hypertensi on entails frequent 
office (clinic ) visits and a good ra pport between the physician and the 
patient. 

Table 8 

MANAGEMENT PLAN 

FOR R'=J!STANT HYPERTENSION 

1. + salt and calories 

2. Adjust the diuretic 

3. Reevaluate the drug regimen 

4. ? Secondary form of hypertension 

5. Drug treatment· Mlnoxldii/Captoprll/ 

Guanethidine/? Nlfedlplne 

6. Close follow-up 

1. Modificat ion of Diet. If the patient is obese, app ropriate 
recommendations must be made to i nduce we ight loss . Weight reduction 
may not only lower the blood pres sure but may make measurements of blood 
pressures in such subjects more reliable . 

If the patient i s ingesting excess sal t , the diet should be 
modified accordingly. A 24 -hour urinary sodium excretion of greater 
t han 150 mEq is i ndicative of excessive salt intake. The patients must 
be given instructions, if necessary with the assistance of dietician to 
i ngest no mo re tha n two grams (88 mEq) of sod i um. Often this goal can 
be accomplished by avoiding table salt and foods obvious ly hi gh in sult 
and limiting the salt i n the cooking process . A salt subst i tute 
(potasisum chl oride ) can be used by patien ts who do not have significant 
renal impairment. 

2. Adjusting the Diuretic Th erapy. The next step is to assess 
whether the dosage of the d;ure t1c 1s adequate and to determine whe ther 
t he patient is receiv ing an effective diuretic; thiazides are 
i neffec tive when t he creatinine clearance is less than 30 ml/min . The 
loop diuretics (furosemide, ethacrynic acid, bumetanide) should be 
choosen for a patient with significant re nal insufficiency. Recall that 
drugs like indomethacin have a potential of antagonizing the effects of 
furosemide. 

The usual maintenance dose of hydrochlorothiazide is 25 -50 mg/day 
but can be i ncreased to 75 -100 mg if necessary with the knowledge that 
the biochemical side-effects are dose related . It is advisable not to 
exceed the 100 mg dose because addit ional therapeutic benef i t is not 
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obtained. If there is a reason to suspect secondary aldosteronism, the 
addition of spironolactone is a rational measure. 

In patients ~lith hypertension resistant to multi-drug therapy, 
substitution of furosemide for thiazide has occasionally proven 
successful (Ramsay et al, 1980). In selected patients vigorous sodium 
depletion in the hospital setting has been shown to compliment the 
effects of other blood pressure lowering agents (Gavras et al, 1981). 

3. Reevaluation of the Drur Regimen. If the adjustments in the 
diuretic and d1etary therapy fa1 to 1mprove the blood pressure, then 
the existing drug regimen must be closely reassessed. In this regard, 
several questions must be entertained. Is the patient taking and 
tolerating the prescribed regimen? Is there room for increasing the 
drug dosage? Are there any adverse drug interactions? Is there an 
obvious problem with drug absorption? 

First, if the patient is already experiencing annoying adverse 
effects, there is no point in increasing the dose of the offending drug. 
Instead , consideration must be given to reduce the dose or discontinue 
the drug altogether. On the other hand, if the patient is tolerating 
the therapy, the dose must be increased keeping in mi nd that very few 
people can tolerate the maximum allowable doses of drugs like clonidine 
and other centrally acting agents because of their sedative effects. As 
far as hydralazine i s concerned, the dose can be increased to 300-400 
mg/day with the knowledge that drug induced lupus may occur at daily 
doses greater than 200 mg; this reaction is quite uncommon but you have 
to be aware of its occurrence. Unless there is an urgency, the dose 
increments must be made at 1-2 week interv~ls or even longer. 

While modifying the therapy, we must remember that most 
antihypertensive drugs may trigger certain secondary pressor mechanisms 
which must be recognized an d counteracted (Table 9) . 

Table 9 

Mechamsm 

Flu id retention 

Card1ac stimulation 
Hypc:rreninem1a 

Reflex Ttoia l peripheral 
resistance 

Induced By 

Sympatholytics, 
vasodila tors 

Vasodilators 
Diuretics, 

vasodilators 
Dturetics (early), 

beta blockers 

Treatment 

Diuretics 

Beta blockers 
Sympatholytics, 

beta blockers 
Sympathoiytics, 

vasodilators 

4. Secondar~ Forms of Hypertension. \~e have already covered 
selected causes o secondary hypertens1on that must be carefully sought 
in patients with resistant hypertension. If a correctable cause is 
found such as renal artery stenosis, the management efforts must be 
directed at the underlying cause. It is possible to cure certa in forms 
of hypertension or at least improve the quality of blood p.ress ure 
control (with fewer drugs) by correcting the cause with surgical or 
interventional radiological techniques; or the therapy can be more 
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rationally implemented- spironolactone for primary aldosteronism, 
inhibitors of the renin-angiotensin axis for renovascular hypertension, 
and dialysis for patients with severe renal hypertension etc. 

CURRENT DRUG TREATMENT OF RESISTANT HYPERTENSION 

There are new antihypertensive drugs which can be extremely useful for 
patients with resistant hypertension. Of these, I will limit today's 
discussion mainly to three agents - minoxidil, captopril and nifedipine. 
Both minoxidil and captopril are approved by the Food and Drug 
Administration for the treatment of patients who have failed to respond 
to conventional drugs or who cannot take usual drugs for reasons such as 
side-effects, contraindications or hypersensitive reactions. Nifedipine 
is not approved for the treatment of hypertension at the present time. 

Minoxidil 

Minoxidil is one of the most powerful antihypertensive drugs 
available at the present time. It is a piperidine-pyrimidine derivative 
(Figure 5). Minoxidil is an orally effective agent that directly 
relaxes vascular smooth muscle. This effect is pronounced at the 
arteriolar level thereby reducing the peripheral vascular resistance 
with little or no effect on the venous capacitance. The precise 
mechanism by which minoxidil produces relaxation of the vascular smoo th 
muscle is not known. It has been suggested that minoxidil, like 
diazoxide, may block calcium uptake through the cell membrane (Chidsey 
and Gottlieb, 1974). 

Fig . 5 
Structure of m1nox1dil. 

Minoxidil is nearly completely absorbed from the gastrointestinal 
tract and is predominantly metabolized in the liver (Gottlieb et al, 
1972, Thomas and Harpootlian, 1975). ~lthough its plasma half life is 
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about four hours, the antihypertensive effect of a single dose may last 
for 24 hours (Linas SL, Nies AS, 1981; Ducharme et al,l973). 

Hemodynamic Effects 

Minoxidil resembles hydralazine in many respects. It reduces the 
peripheral vascular resistance directly without a discernible effect on 
capacitance vessels resulting in reflex tachycardia and increased 
car·diac output (Gottlieb et al, 1972; Gilmore et al, 1970) (Fig 6). The 
direct vasodilation caused by minoxidil leads to reflex activation of 
sympathetic tone. In addition to the reflex tachycardia,1 the other 
indices of sympathetic activity - plasma renin activity and 
catecholamines - are also increased (Grim et al, 1970; Brunner et al, 
1978; Pettinger and Mitchell, 1973; Connor et al, 1976; Mitchell and 
Pettinger, 1978) (Fig 7). These counter-regulatory hemodynamic and 
humoral effects can be attenuated by the co-administration of an 
adrenergic inhibitor, preferably a beta-blocker. 

VASOOILATOR DRUG (MINOXIOILI 

~ 
+ SY5TEMIC VASCUL AR RESISTANCE 

~ 
+ BLOOD PRESSURE 

I 

15 

f ------- t SYIJATHETC tRENIN 
o1 URINARY No EXCRETION ~RIIOUS SYS~ ') + 

Fig. 6 : 
response 

~ • VENOUS I t ANGIOTI.NSIN II 
t HEART RATE t CAROIAG CONTRACTILITY COMPLIANCE f / 

ARTERIOlAR 
Na RETENTION VASOCONSTRICTION 

The physiologi~tcAROIAGOUTPUr / 
to vasodilation ~ ~ ~ 

t BLOOO PRESSURE 

Although some preliminary studies have described pulmonary 
hypertension during treatment with minoxidil (Dormois et al, 1975; Hall 
et al, 1976), subsequent observations did not show an increase in 
pulmonary artery pressure during chronic minoxidil plus beta-blocker 
therapy (Atkins et al, 1977; Klotman et al, 1977) (Fig 8). 
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Clinical Use 

A number of studies have documented the efficacy of minoxidil in 
the treatment of severe and resistant hypertension (Gottlieb et al, 
1972; Dormois et al, 1975; Will burn et al, 1975; Campese et · al, 1979). 
Minoxidil has been successfully used when all the conventional 
treatments have failed. In most of the trials substitution of minoxidil 
for previous triple drug therapy yielded excellent blood pressure 
control (Figs g, 10, 11 ) . Another major advantage of minoxidil over the 
conventional agents is its efficacy in patients with impaired renal 
function (Limas & Fries, 1973; Hull et al, 1975; Campese 1981, Keusch et 
al, 1978). Not only is minoxidil quite useful in the treatment of 
hypertension complicated by renal insufficiency (F ig 12) but sometimes 
the renal function can improve to a reasonable degree (Lowenthal et al, 
1978; Mitchell et al, 1980) (Figs 13 and 14). As a matter of fact, some 
patients have recovered sufficient renal function to permit 
discontinuation of hemodialysis. 

In summary , minoxidil is a potent antihypertensive drug with rapid 
(and sustained) effect on the blood prissure. Not only is this drug 
effective in resistant essential hypertension but also in patients with 
renal hypertension. The best therapeutic effects of minoxidil are 
obtained in combination with a loop diuretic and a beta-blocker. Its 
potency and long duration of action are important advantages of 
minoxidil. 

Side Effects 

Minoxidil therapy is associated with certain side-effects which 
must be understood and anticipated before using this drug. Some 
side-effects like tachyca rdia can be explained by its pharmacological 
effects whereas others like hypertrichos i s cannot be easily explained. 
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Fig 13: Changes in serum creatinine with 
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TABLE 10 

ADVERSE EFFECTS OF MINOXIDIL 

1. Fluid retention 

2. Reflex tachycardia and other hyperadrenerglc features 
3. ? Pericardia! effusion 

4. Hypertrichosis 

Fluid Retention 

Like all the direct vasodilators, minoxidil also causes sodium and 
fluid retention but to a greater degree (Fig 15). Almost all the 
patients develop variable degree of fluid retention which can be much 
more intense in patients with impaired renal function. This side-effect 
can be controlled by limiting the salt intake and administration of a 
loop-diuretic, usually furosemide. Some patients may require 
substantial doses of furosemide. If the edema is unresponsive, addition 
of a distally acting diuretic, metolozone can be effective (Ram and 
Reichgott, 1977}. However, this combination is very potent and must be 
used with great caution and close monitoring of the patient is 
essential. 
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Fig 15: Cumulative sodium balance 
during minoxidil treatment (From 
Gilmore et al, 1970) . 
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How minoxidil causes such avid retention of sodium is not 
conclusively known but a direct anti-natriuretic effect on the renal 
tubule has been suggested (Zins 1974}. In any event, it should be 
emphasized that in the absence of effective diuretic therapy, minoxidil 
causes sodium/fluid retention, an increase in the body weight, plasma 
volume and peripheral edema; in some cases, these consequences may lead 
to congestive heart failure. 
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Cardiac Effects 

As discussed already, minoxidil causes reflex tachycardia (Fig 6}. 
Unless appropriately treated, tachycardia may be poorly tolerated by 
patients with coronary artery disease, resulting in angina (Devine et 
al, 1977; Campese et al, 1979} and or myocardial infarction. The 
tachycardia induced by minoxidil can be controlled by concomitant 
administration of a beta-blocker (Gilmore et al, 1970; Gottlieb et al, 
1972; Wilburn et al, 1975) (Figs 16, 17). Tachycardia may occur at any 
dose independent of an effect on the blood pressure. Therefore, the use 
of minoxidil must always be accompanied by a beta-blocker, the dose of 
which must be titrated as required. It has been noted that during the 
long-term minoxidil and beta-blocker therapy, the dosage of the latter 
can be reduced (Brunner et al, 1978}. If a beta-blocker cannot be used, 
other anti-adrenergic agents such as clonidine and methyldopa can be 
used to dimini sh the sympathetic tone. 

Besides sinus tachycardia, non-specific T-wave changes have been 
noted in 90% of the patients receiving mino xidil therapy (Hall et al, 
1980}. The T-wave changes are not altered by beta-blockade and may 
revert to the baseline during chronic treatment. This adverse effect on 
the EKG must be balanced by the fact that a substantial reduction of the 
increased QRS voltage may also occur with successful minoxidil therapy. 

Peculiar right atrial necrotic and hemorrhagic lesions have been 
described in dogs given minoxi dil (Ducharme et al, 1973). The mechanism 
of this phenomenon in animal s is not understood . It is comforting to 
know that there is no evidence at present that the atrial pathology 
occurs in man (Sobota et a 1, 1980). 

VUOTATOII r··········~~-=~==·:~······· ··- DIUIIITIC 

Vasod1I.!I IIOM _- R~~:~~~n --tV~:~~. 

J~:~:~~~~e,;~~ 
I f j Aldosterone 

J p~~::~,~ fAng iolensin 
'---+-+--j· Renm / Vasoconstriction - f ::~::t~~:~ 

Release 

l tNorepinephrine 
/ 

I Sy~6t:~~elic-j Heart Ra~e 
Y & Contraction l.-j C•rdl•c 

"- _j Output 

•v:~tJ::~•c J Cov,:~~~~ce 
Figure 1 6 The primary and secondary effects of vasodilator therapy in essential hypertension 
and the manner by which dturetic and fl·adrenergtc blocker therapy can overcome the undesirable 
secondary effects. (Adapted from Koch-Weser J: Vasodilator drugs in the treatment of hyperten· 
stan . Arch Intern Med f 33: 1017, 1974. Copyright 1974, American Medical Association .) 

21 



22 
@] lEI I MINOXIOIL 

200 

"' :t 
E 
~ 

0 
w 
a:: 
:::> Fl"ur.· 17 
(/) 150 Hft~od 1m':v.wre and ht·a rt rate data arr .wrurnari:ed 

fwm onC' l'atir nt (P U L ) durin g tltc cont rol prri()(l 
(C I. thr h!1dra/a:.iue pcrind (}/), and tht• minnridi/ Pl!· 
ri••tl . Th C' eUc·ct of u.:ithdrau.;inJ.! prnrJtanolol (arrows) 
i.\ \lwn:u IJy tht• incrca'iC in hlnod prcs.wrf• and heart 
ra,. , JICTZ = lly<lrnchlorntltia:idt?. (From 

(/) 

w 
a:: 
0.. 

0 
0 
0 
..J 
<ll 

100 Gottliebeta l , 1982) ~m 
07 0 7 0 2 4 6 8 10 12 DAYS 

" i 100 
w 
>-.. 
a:: 
w 
(/) 

..J 
:::> 
0.. 

eo 

60 0 7 Q7 D 2 4 6 8 10 12 DAYS 

I have covered the relationship of minoxi dil therapy to pulmonary 
arter i al pressure under hemodynamics . 

Pericardia ] Effusion 

Pe r icardia] effusion has been noted in several patients on 
mi noxidil therapy (Martin et al , 191!0; Campese et al, 1979; Mehta et al, 
1975; Lundeen et al, 1981; Reichgott 1g81). A causa l relationship 
between minoxidi l and pericardia] effusion has been difficult to 
establish in the early studies since many patients had complex illnesses 
and re na l fai l ure , but t his compl ication can occur in the absence of 
rena l i nsufficiency, ge nera l ized fluid retention , or heart failure. The 
incidence of t his problem is probably small but patients on minoxidil 
mus t be monitored closely. 

Hypertrichosis 

Of al l the adverse effects from minoxidil, hypertrichosis is the 
most unique and disturbing one. This phenomenon is seen in nearly all 
patients receiving chronic minoxi di l therapy (Campese et al, 1979; 
Devine et al , 1977). The hair growth is more readily apparent on the 
face, chest and extremeties . The mechanism for hair growth is not 
known. Stud ies failed to reveal any hormonal inbalance during mi noxid il 
therapy that could explain this side effect (Earhart et al, 1977; Ryan 
et al, 1975). 



Minoxidil induced hypertrichosis poses a serious limitation to its 
use in females. Most females, if warned about this effect, will either 
refuse the drug or withdraw from the treatment. The latter situation 
can result in reappearance of severe hypertension. Therefore, if 
possible minoxidil should be avoided in females. However, in selected 
cases, the potential benefit from proper regulation of blood pressure 
may outweigh the cosmetic problem. Hair growth can be controlled with 
calcium thioglycolate and other depilatories. A topical steroid 
preparation may counteract the skin irritation that sometimes occurs 
with the repeated use of depilatories. 

Other Side-Effects 

Allergic reactions to minoxidil are extremely rare. Like 
hydralazine, minoxidil may also cause a pulsating headache in some 
patients. Rebound hypertension from minoxidil withdrawal is rare in 
adults, although hypertensive encephalopathy has been reported in two 
children within 36 hours of the discontinuation of the drug (Makker and 
Moorthy, 1980). Appropriate precautions to monitor the blood pressure 
must be taken while stopping a potent drug like minoxidil. 

How to Use Minoxidil 

The usual starting dose of minoxidil is 5 to 10 mg/day; it should 
be 2.5 to 5 mg in patients who are already on other antihypertensive 
drugs. Minoxidil can simply be substituted for hydralazine if the 
patient is already on standard triple drug therapy (diuretic + 
adrenergic inhibitor+ hydralazine). If the patient is on a long acting 
drug, such as guanethidine, it is preferable to wait for 5-7 days before 
starting minoxid il therapy. With careful supervision, a waiting period 
is not necessary but minoxidil therapy must be begun with caution. 

No matter how resistant or complicated the hypertension may be, 
most patients respond to daily doses of less than 50 mg; the maximum 
recommended daily dose is 100 mg but such a high dose is rarely 
necessary. The dose can be increased by 5-10 mg every three to seven 
days. In urgent situations, however, the dosing adjustments can be made 
expeditiously every few hours (0'~1alley and McNay, 1975; Sauer and 
Alpert, 1980) (Fig 18). Minoxidil therapy must always be accompanied by 
the co-administration of a diuretic (preferably furosemide) and an 
adre nergic blocker (preferably a beta-blocker) . If a beta-blocker is 
con traindicated, other adrenergic inhibitors such as clonidine or 
methyldopa can be substituted to block the hyperadrenergic state caused 
by minoxidil (Velasco et al, 1983; Cotorryelo et al, 1982). 
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For patients on maintenance dialysis, minoxidil should be 
administered after the dialytic period since the drug is dialysible. 
For these patients, a more intense ultrafiltration is needed to control 
the interdialytic weight gain. 

If there is a hypotensive response from minoxidil, the dose should 
be reduced or eliminated. In severe hypotensive instances, the blood 
pressure must be supported by intravenous fluids and/or vasopressors . 
Once the blood pressure is stabilized, the requirements for minoxidil 
must be carefully reconsidered. 

Although minoxidil is likely to be effective in less severe 
hypertension, currently its use should be reserved for patients with 
resistant or complicated hypertension and for those who cannot take or 
tolerate conventional drugs. 

Illustrative Case #6: Minoxidil treatment for drug-resistant 
essent1al hypertens1on. 

G.J., a 60 year old black male was referred because of servere 
hypertension (200-210/130) on therapy. Work-up for secondary · 
hypertension was negative. His blood pressure was 170/ 110-120 on 
metolazone 5 mg/day, metoprolol 400 mg/day and hydralazine 400 mg / day . 
He was a compliant patient. Minoxi dil was substituted for hydralazine; 
the dose was gradually increased to 40 mg/day. On thi s reg imen the 
blood pressure was 130/90. 

The above case illustrates severe and refractory hyperten s ion whi ch 
was successfully brought under control with minoxidil therapy. 

Illustrative Case #7: Minoxi dil treatment for drug- resistant 
hypertension of renal etiology. 

D.M . , a 51 year old white male known to have chronic hypertension, 
was noted to have increasing blood pressure (> 200/140) despite an 
adequate regimen--hydralazine 400 mg/day, furosemide 80 mg/day, and 
propranolol 320 mg/day. Minoxidil was substituted for hyd ra lazine--hi s 
blood pressure was 140-150/90 on minoxidil 20 mg /day . Although the 
blood pressure was well controlled, subsequently he could not take 
beta-blockers because of heart failure; the therapy was reduced and he 
underwent work-up of renovascular hypertens ion whi ch revealed ri ght 
renal artery stenosis and right atrophic kidney. Right nephrectomy 
cured his blood pressure. 

The above case illustrates typical refractory hypertension of renal 
etiology. The blood pressure was controlled medically with minoxidil 
prior to surgery. 

Captopri 1 

Captopril, an orally effective angiotensin converting enzyme 
inhibitor is a useful agent for the management of re fractory 
hypertension. Like minoxidil, at present the use of captopril mus t be 
limited to patients who are unresponsi ve to or unable to take 
conventional treatment. 

Fig 19 : Structural fromula 
of ca ptopri 1 
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Mechanism of Action 

Captopril belongs to an entirely new class of drugs with a novel 
mechanism of action . To understand how captopril works, a brief review 
of the physiology of the renin-angiotensin-aldosterone axis is essential 
(Fig 20). The importance of the renin-angiotensin system in regulating 
the circulation has been suspected and extensively studied for many 
years . 
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Fi g 20 
Rentn·angiotensm syst em. Solid arrows indicate renin·angiotensin· 
aldosterone pa thway and its effect on blood pressure (8 P): and 
broken line. normal feedback rela tionship between rentn and SP. 

Renin, a proteolytic enzyme secreted by the ju xtaglomeru l ar 
apparatus of the kidney in response to a variety of physi ological 
stimuli acts on renin substrate, an alpha2 globulin produced by t he 
liver to form angiotensin I . Angiotensin convert i ng enzyme (ACE) 
(present predominantly in the lungs) catalyzes the conversion of the 
i nactive angi otensin I to angioten si n II, which has important 
physiological functions - vasocon striction and stimulat ion of 
aldosterone production/release - actions which di rectly regulate the 
blood pressure. These and other acti ons of ang i oten s in I I provide a 
rationale for the use of drugs which block formation by inhib i t i ng t he 
ACE (Fig 21). 

25 

Sodium 
rettntton 

i 
AJdo1terone 

Fig 21: Possi ble mechani sm(s) 
of t he acti on of captopril. 

con1tnction ..crttton 
Ronon 

Ang10tonainogon _1__. Angoot..,ain 1 

Kallikrein 

~ K~n1nogen ---...!..-• Bradyltintn 

.--?_j 1' 
l>rottagllndin• ? VuodilltiOn 

l 

-t 
Ang.aten~n 
convert1ng 
.uymt 
(kininuelll 

+ -
t Ar>Qooten"n 11 J 

Nctivt fragments 



The first inhibitor of ACE was derived from the venom of a 
Brazilian pit viper, Bothrops Jararca (Ferreira, 1965}, an unusual and 
deadly source indeed to yield a therapeutic agent. Although originally 
it was felt that the venom potentiated the actions of bradykinin, a few 
years later it became clear that the same venom inhibited ACE (Erdos, 
1979}. Work with a nonapept1de teprot1de (SQ 20,881} revealed 
considerable information about the role of the renin-angiotensin sysem 
in circulatory physiology and the effects of interrupting the formation 
of angiotensin II. However, the necessity of intravenous administration 
precluded its clinical use. The search for an orally effective 
inhibitor of ACE led to the development of captopril (formerly SQ 
14,225) (Ondetti et al, 1977). 

The dominant actiqn of captopril is ACE inhibition (Ferguson et al, 
1977}. Since captopril. also lowers the blood pressure in patients with 
low-renin hypertension, alternative mechanisms to explain its 
hypertensive effect have been explored. Because angiotensin converting 
enzyme is responsible for the degradation of endogenous bradykinin, its 
inhibition may lead to accumulation of bradykinin (Ferrera, 1965; Swartz 
et al, 1980}. In addition, it has also been suggested that interaction 
of bradykinins with certain prostaglandins may explain its 
antihypertensive property (Murthy et al, 1978). The evidence for these 
mechanisms as well as possible interference of sympathetic function by 
captopril is inconclusive and far from proven, leaving the ACE 
inhibition as the most likely mechanism by which captopril lowers the 
blood pressure. 

Hemodynamic Effects 

Captopril lowers the total peripheral vascular resistance without 
significant change in the heart rate or cardiac output in patients who 
are not in heart failure (Fouad et al, lg80; Cody et al, 1978; Fagard et 
al, 1980) (Fig 22). The hemodynamic profile of captopril offers a 
distinct clinical advantage over the direct vasodilators or the 
adrenergic inhibitors. The blood pressure lowering effect of captopril 
is not associated with reflex tachycardia. This observation also argues 
against the notion that accumulation of bradykinin may be responsible 
for the antihypertensive mechanism of captopril. 
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Fig 22 

Percent changes trom control valueo In mean 
brac~lal arterial pre""" (MBAP), ayatemlc vueular 
rasoSiance (SVR), cardiac output (CO), heart role (~). 
stroke volume (SV), oxygen consumption (VO,) and.,. 
teriO\Ienous difference In oxygen C<lntent ((•v)02] <U1ng 
acute (14 patients) and long-term (11 patlenta)lrNtment 
with captopril. Probability (p) voluea aro given for algnlf. 
lcance ot difference from control values and tor the 
comparison between the acute and long.term changes 
for the 10 paira. NS • not significant. (From 
Fagard et a l , l gao) 
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In patients with congestive heart failure, captopril decreases t he 
afterload with sustained improvement in the cardiac output (Ader et al, 
1980; Dzau et al, 1980). 

Clinical Use 

Captopril has been shown to effectively lower the blood pressure in 
drug resistant hypertension (Case et al, lg78; Brunner et al, 1979; 
Johns et al, 1980; Zweifler et al, 1981; Vidt et al, 1982). In these 
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and other earlier studies, captopr il was used when conventio nal therapy 
has failed with notable improvement i n blood pressure control (Figs 23, 
24). 
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The antihypertensive effects of captopril is not limited to 
pntients with high-renin hypertension but is also seen in those with 
normal and low- renin (Waeber et al, 1981) (Fig 25). Captopril has been 
shown to be effective in the treatment of essential as well secondary 
hypertension (Fig 26). The initial fa ll in blood pressure may correlate 
with the pretreatment plasma ren in activity whereas chronic therapy does 
not show such a relationship. The response to captopril is likely to be 
greater in patients with high-renin (Fig 27). Also, whites respond to 
captopril more readily than do blacks. 
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Fig 25: Blood pressure levels before 
.and during a six-month follow-up 
period of treatment with captopril in 
patients of the three renin subgroups 
(From Waeber et al, 1981 ). 
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The efficacy of captopril is clearly enhanced by a diuretic 
(Ram et al, 1981; Johnston et al, 1979) (Fig 28, 29). The basis for 
their complimentary action is not fully understood. It appears that the 
antihypertensive effect of the combination is additive, not synergistic. 
Since captopril inhibits the formation of angiotensin II and 
aldosterone, fluid retention is not an expected problem but the addition 
of a diuretic does potentiate the therapeutic effects of captopril. 
Similarly,concomitant restriction of salt intake enhances the efficacy 
of captopril (Fig 30). Not only is the antihypertensive effect of 
captopril augmented by diuretics, but the potassium losses induced by 
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the latter may be attenuated by captopril (Johnston et al, 1979) (Fig 
31). The diuretics may cause hypokalemia by stimulating the 
renin-angiotensin system and captopril offsets this process. 

Fig 31 

011\.IQ I 

Pla•aa .. potutJ\UD ud ur~.a.,., aJdOftlrODt I nell la pa
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ddt 4nt (opn c:lrde}lrw 4 wHkl foUowed by I ... u oC com· 
bl ... .s.sr..,t~~ ... ,.. \From Johnston et al, 
197_~) . 

The antihypertensive effects of captopril is sustained during 
long-term administration, particularly when combined with a diuretic. 
Captopril has been shown to be effective in the management of patients 
with renal insufficiency (Vaughn et al, 1979). However, the dosage 
should be reduced since captorpil is predominantly excreted by the 
kidneys and patients must be monitored closely for any untoward effects. 
There is conflicting evidence about the efficacy of captopril in 
anephric patients (Leslie et al, 1980; Man in't Veld et al, 1980). 
Since the blood pressure lowering effect of captopril is dependent on 
the renal renin-angiotensin system, captopril is unlikely to be 
effective in renoprival hypertension which is best responsive to fluid 
volume and sodium control. Captopril has been successfully used to 
treat severe hypertension associated with renal scleroderma crisis, 
which is characterized by stimulated renin-angiotensin system (D'Angelo 
et al, 1980). Captopril therapy, however, must be introduced early in 
the course; otherwise, the ominous prognosis of this condition is not 
likely to be modified by captopril. 

Captopril has been used successfully in the treatment of severe, 
refractory congestive heart failure (Dzau et al, 1980; Ader et al, 1980) 
(Figs 32, 33). The improvement in heart failure is due to a reduction 
in the afterload resulting from the inhibition of the activated 
renin-angiotensin system. These effects of captopril lead to a fall in 
the peripheral vascular resistance which is quite high in patients with 
severe heart failure. Captopril was often added to preexisting therapy 
in these patients. Whether it can have the same results if used alone 
is not known. The beneficial hemodynamic effects of captopril in heart 
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Fig 32 
. Indexes of Improvement alter lnatltu· 
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(From Dzau et a1, 1980) 

Fig 33 Ptrctnl changes from control 
In cardiac oulpul /CO), pulmonary capillary 
wedge prtssurt ( PCW), stroke work index 
IS WI ), systtmlc va.rcular rtJIJlanct (SVR), 
mean arterial prtssurt (MAP ). righl atrial 
pressure (RAP) and heart ratt (HR ) after 
25 , 50 and /00 mg of oral caplopril. 
M agni1ude of changes in hemodynamics 
after each dose level wa.r similar. ( From 
Ader et a1, 1980) 



failure are accompanied by notable subjective and objective improvement. 

Other Effects 

Since captopril inhibits the formation of angiotensin II, the 
negative feedback on renin secretion is released with a resultant 
increase in the plasma renin activity (measured as angiotenin I). The 
rise in PRA, however, is inconsequential since its transformation to 
angiotensin II is simultaneously blocked. The rise in PRA with 
captopril may be used as a stimulus for renin responsiveness and in the 
diagnosis of renovascular hypertension. A decrease in an~iotensin II 
formation is accompanied by a fall in aldosterone levels (Atlas et al, 
1979) (Figs 34, 35). This, in turn, may prevent sodium retent i on and 
potassium loss - effects of immense importance in the management of 
hypertension and heart failure. 
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prtssurt in the low ( L). normal ( N ) and high (H) renin subgroups. Control (Day I ) plasma aldosttrone and 
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captopril therapy for congestive heart 
failure (From Nicholls et al, 1981). 
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While captopril has usually increased renal blood flow acutely, the 
effect on clinical indices of renal function such as glomerular 
filtration rate has been variable. In many studies, only a small number 
of patients were involved and then, considerable intersubject 
variability seems to occur (Warren et al, 1979; Meggs & Hollenberg, 
1980). Further studies are needed to clarify the renal effects of 
captopril in the long run and whether concomitant therapy (with drugs 
like diuretics and beta-blockers) alters these parameters. In patients 
with bilateral renal artery stenosis, captopril may have an adverse 
renal effect (see Adverse Effects). 



How to Use Captopril 

TABLE 11 
ADVANTAGES OF CAPTOPRIL 

1. Simplicity of the drug regimen 

2. Relative lack of aide effects 

3. Does not cause postural hypotension 

4. Favorable hemodynamics 

5. Useful In patients with heart failure 

The usual staring dose of captopril is 25 mg given three times 
daily on an empty stomach, an hour before or two hours after a meal; 
presence of food in the stomach may reduce its absorption by 30 to 40%. 
The dose can be increased at weekly intervals; although the ma ximum 
recorrmended dose is 450 mg/day, it is preferable to avoid such high 
doses since there is evidence to suggest that its toxicity may be 
proportionate to the dose (Romank iewicz et al, 1983; Schelman, 1983). 
Most patients require a daily dose between 75 to 150 mg (Heel et al, 
1980). In fact, there is evidence to suggest that although the duration 
of action may be prolonged, an additional antihypertensive effect is not 
obtained beyond a dose of 150 mg/day (Linjen et al, 1980}. Recent 
studies show that low doses of captopril are effective in the managemen t 
of uncomplicated hypertension (Vlasses et al, 19B2; Mimran et al, 19B2; 
Weinberger, 1982). 

If at all possible, the previous antihypertensive drugs (including 
diuretics) must be discontinued for about a week before initiating the 
captopril therapy. But it is not possible : o follow this 
recorrmendation, given the current indications for its use. Under close 
supervision and follow-up, captopril therapy can be started without a 
waiting period. Under such circumstances, the first dose should be 12. 5 
mg (or even 6.25 mg) to avoid hypotension and to titrate the dose 
upward. If significant hypotension is not observed, then the usual 
dosage schedule can be followed. In patients who are at a risk of 
hypotensive response, the physician should be prepared to give 
intravenous saline infusion. Patients with high plasma renin act i vity 
(from any cause) are more prone to develop the first-dose hypotensive 
phenomenon than patients who are volume replete or who have normal or 
low renins . 

Like other antihypertensive drugs, captopril works best in 
conjunction with a diuretic. The combination also has an advantage of 
maintaining potassium homeostasis. The combination of captopril with 
other antihypertensive drugs has not been systematically studied. In 
refractory cases, the addition of a beta-bloc ker may be useful (Ferguson 
et al, 1981; Heel et al, 1980) (Fig 36). The safety of this combinat i on 
is not known. Severe hypertension in a 13-year old patient resistant t o 
multiple drugs was controlled with minoxidil, captopril and propranolol 
after these drugs failed independently (Matson et al , 1981) . 
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Fig 36: The additive effect of propranolol 
in patients receiving captopril and a 
diuretic (STT refers to standard triple 
therapy)(From Ferguson et al, 1980). 
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In some patients, captopril does not reduce the blood pressure at 
all regardless of the renin level. The reason for non-response is not 
known, attesting to the heterogeneity of the hypertensive population. 

Adverse Effects 

A number of trials with captopril have shown a remarkably low 
incidence of adverse effects that are common with most conventional 
antihypertensive drugs. For example, adverse effects like sexual 
dysfunction, postural hypotension, cardiac stimulation or depression, 
electrolyte problems and bronchospasm are not known to occur with 
captopri 1. 

On the other hand, captopril can cause unique (sometimes serious) 
adverse effects not shared by other antihypertensive drugs. The 
physician must be aware of these side-effects, identify the patients who 
are at risk and monitor them. The incidence of various side-effects is 
shown in Table 12 (from Schleman, 1983). It is becoming clear that the 
toxic effects of captopril are dose related. In the early experience 
with captopril, the doses that were used were much higher than the 
current recommendations. 

Skin rash is the most common adverse effect of captopril. 
Somet1mes the rash is accompanied by a febrile illness, pruritus and 
eosinophilia. The incidence of skin rashes is higher in complicated 
patients (i.e., renal failure, immunosuppressed patients, etc.). The 
skin lesions may be accompanied by mucosal involvement. This reaction 
occurs during the first few weeks of treatment and may disappear 
spontaneously or with reduction in the dose and thus may not represent a 
classic allergic reaction. It has been proposed that the skin rash from 
captopril could be due to an increase in the plasma kinin activity (Heel 
et al, 1980). 



Table 12 

ADVERSE EFFECTS OF CAPTOPRIL* 

1. Skin Rash/Pruritus; normal renal function 

creatinine > 2 mg 

2. Taste Disturbance > 150 mg/day 

< 150 mg./day 

3. Proteinuria; All Patients 

Normal renal function; < 150 mg/day 

Nephrotic Syndro"'~ 1 out of 5 with Proteinuria 

4. Neutropenia 

With renal disease 

Without renal disease 

Patients with lupus/scleroderma etc. 

5. Hypotension 

6. + Renal function In patients with bilateral 

renal artery stenosis 

*Data from 8000 patients on long-term captopril therapy 
(adapted from Schleman, 1983) 

8.5% 

13% 

7% 

2% 

1% 

0.2% 

0.3% 

0.2% 

15% 

?1%·2% 

Transient loss of taste (aaeusia) may occur in a few patients. 
This usually d1sappears w1th· re uced dose or discontinuation of the 
drug. This peculiar disturbance may cause a temporary weight loss in 
some patients. The incidence of this disturbance appears to be related 
to the dosage and renal function 

Nephrotoxicity 

Proteinuria and less frequently nephrotic syndrome have been 
reported with captopril therapy. The early experience indicates that 
proteinuria usually appears after 3 to 9 months of therapy. Proteinuria 
has appeared over a wide range of doses (50 to 600 mg/day). Since many 
patients developing protenuria had prior renal dysfunction, a direct 
cause-effect relationship between captopril and proteinuria is difficult 
to establish. Renal biopsies done in a few patients revealed membranous 
glomerulopathy but obviously pretreatment biopsies were not obtained. A 
recent histopathological study has cast considerable doubt on the role 
of captopril in causing renal lesions (Collaborative Study Group on 
Captopril, 1982). In the majority of cases, proteinuria may disappear 
whether or not therapy is stopped. For patients with prior renal 
dysfunction and/or proteinuria, the need for captopril therapy and the 
benefit risk ratio must be carefully assessed. It is suggested that 
patients receiving captopril be monitored for proteinuria monthly for 
the first nine months and periodically thereafter. Until critical 
information is obtained (at least from animal experiments) the 
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pathogenesis and s ignf icance of captopril induced proteinuria cannot be 
detenni ned. 

Hematological To xic ity 

A serious side effect of captopril therapy is the occurrence of 
neutropenia (rarely, agranulocytosis) in approximately 0.3% of patients. 
Recently it has become apparent that the r i sk of neutropenia varies 
among different patient groups. Patients with normal renal function are 
least likely to develop neutropenia from captorpil. In patients 
withimpaired renal function, the frequency of neutropenia increases 
steeply (Cooper, 1983). Like proteinuria, this problem was observed 
mostly in patients with prior renal dysfunction. Moreover, most of the 
patients who developed neutropenia had complex illnesses and were 
immunosuppressed either by disease or by other therapy. The 
characteristics of some patients who develop neutropen i a during 
captopr i l therapy are shown in Table 13. It is ironic that the very 
patients (with lupus, scleroderma, etc.) who may benefit most from 
captopril therapy are at the greatest risk of developing neutropenia. 
In such patients, the ris k must be weighed against the possible benefit 
of controlling the blood pressure with captopril. The neutropenia is 
likely to develop during the first three months of therapy and the WBC 
counts should be obtained every one to two weeks during this period. 
Patients must be advised to report any signs of infection (fever, sore 
throat, etc.)~.--------------------------------, 

NEUTROPENIA IN 35 PATIENTS ON CAPTOPRIL 

Table 13 

Age 
Male/female 
Diagnosis 

Other diagnoses 

Renal Impairment (creal· 

36 (13-72) 
12122 
33 severe hypertension 
(28 treatment resistant) 
7 lupus erythematosus 
4 chronic glomerulopathy 
2 polyarthritis 
4 scleroderma 
1 polyclonal gammopathy 
1 active tuberculosis 
1 metastatic thyroid cancer 

15 none 
32 

lnlne >1 .5 mg/100 ml) 
Previous or concurrent Rx 10 

with myelosuppresslve 
agents 

Dally dose of captoprll 
Days to onset of 

neutropenia 
Patients w~h 

250 (25-600) mg 
47 (11 -92) days 

< 1,000 neutrophlls 29 
< 200 neutrophlls 19 

Septic agranulocy1osis 19 
Septic deaths 4 
Bone marrow examination 20 
Hypoplasia 20 
Return of WBC to baseline 25 
· <1~ days 
Rechailenged 

with recurrence 
without recurrence 

(From Erslev et al, 1982} 
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The aforementioned adverse effects of captopril closely resemble 
those of penicillamine, which like captopril, possesses a sulphhydryl 
group (Fig 37). Whether the presence of the sulfhydryl group is 
responsible for the toxic effects of captorpil is speculative and 
clinical experience with the new ACE inhibitors devoid of .the sulfhydryl 
group should shed more light on this subject. 

PENICILLAMINE CAPTOPRIL 

NH2 0 ~ s~N 
SH 0 0 

Rosh Rosh 
Loss of taste Loss of taste 
Proteinuria Proteinuria 
Agranulocytosis Agranulocytosis 

Fig -37 Molecular structures and Side effects of pen1c1llamme and caotopnl. 

Renal insufficiency 

Acute, reversible renal failure has been reported occasionally with 
captopril, especially in patients with preexisting renal disease 
(Woodhouse et al, 1979). Acute renal insufficiency has also been 
reported in pat ients with bilateral renal artery stenosis or ster.osis of 
the solitary kidney (Hricik et al, 1983) (Fig 38) and in transplant 
recipients with renal artery stenosis (Curtis et al, 1983). From these 
reports, one can infer that an intact renin-angiotensin system is 
essential to autoregulation at low renal perfusion pressure and 
captopril may intercept this supportive system. No matter what the 
additional/alternate explanations may be, captopril must be administered 
with caution to patients with bilateral renal artery stenosis or 
stenosis of the solitary kidney. 
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Patient 2. 

(7""............. b..........._"''""",.,. 

0 20 40 60 80 100 

DAYS 

Other Side-Effects 

To convert creatinine values to micromoles per liter, multiply by 
88.4. To convert blood urea nitrogen values to millimoles per liter, 

multiply by 0.357. 

(From Hricik et al, 1983) 

Significant hypotension can occur with the first dose in patients 
on multiple antihypertensive drugs, volume depleted patients, and those 
with high plasma renin activity. For patients at risk, the first dose 
must be 12.5 mg or 6.25 mg; even the smaller first dose may not prevent 
the hypotensive reaction completely. Neurological dysfunction has been 
reported with captopril-cimetedine interaction (Atkinson et al, 1980). 
Indomethacin has been shown to diminish the blood pressure lowering 
effect of captopril (Goldstone et al, 1981). Because captopril may 
cause potassium retention, hyperkalemia can occur in patients with 
impaired renal function and in those who are concurrently given 
potassium supplements or potassium sparing agents. Severe apthous 
ulcers and pemphigus like reactions have also been rarely reported with 
captopril (Heel et al, 1980). 

In general, captopril is a safe drug. It is remarkably free of 
subjective side-effects compared to other antihypertensive drugs. The 
serious side effects have occurred mainly in very sick patients with 
complex illnesses and treatments; often the dose used was quite high. 
Careful selection of patients and proper monitoring is crucial to 
successful use of captopril in the treatment of hypertension. 

Illustrative Case #8: Captopril therapy effective in controlling 
resistant essent1al hypertension in a young person. 

8. M., a 24 year old white male with significant hypertension was 
eva luated because of increasing blood pressure. This patient had a 
work-up for secondary hypertension which was negative. He could not 
tolerate high doses of beta-blockers (non-specific complaints) and 
developed frequent headaches while taking hydralazine. Since he was 
young and was engaged in active physical work, it was deci ded not to use 
centrally acting antihypertensive drugs. On nadolol (240 mg/day) and 
dyazide his blood pres su re was 170/108. The former was discontinued and 
he was given captopril (final dose 200 mg / day). On this regimen, his 
blood pressure was 120/82 to 130/80. He tolerated the treatment without 
complaints or adverse effects. 

The above case illustrates the role of captopril therapy in 



pat i ents who are unwill ing or unable to take co nventional med ications 
for blood pre ssure control . 

Illustra tive Case #9: Captopril t herapy for a patient with 
resistant hyper t ens1on and side-effects from conven tiona l drugs. 

P.F ., a 40 year old white female with chronic essent ia l 
hypertension and ast hma could not tolerate most ant i -hypertensive drugs 
either because of allergy or side-effects. She developed bronchospasm 
even on cardioselective beta-blockers. The therapeutic options, 
therefore, were few as she could not take clon idine, hydralazine, etc . 
All the previous med ication s were discontinued, the blood pressure rose 
to 170-180/100- 105. She was given captopril (75 mg/day) plus a 
diuretic . Her bl ood pressure stab il ized at 130/80-86 . She had no 
adverse effects from t hi s regimen. 

The above case shows the usefulness of cap to pril in hypertensive 
patients who ha ve contraindications for the proper use of convent ional 
drugs. 

Since both captopril and minoxidil share common indications , a 
comparison of t heir various effects should be helpful in the therapeuti c 
decisions (Table 14). The choice oftherapy depends to some extent on 
the as soc iated compli cations (Table 15). 

Table 14 

Comparison of Drugs Used In Severe Hypertension 

Captopril Minoxidll 

Effectiveness ++ ++ 

Simplicity Yes No 

Hemodynamic effects Favorable Unfavorable 
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Concomitant drugs Diuretic Diuretic & beta·biocker 

Long term effects 

Hirsutism 

Fluid retention 

Toxicity 

Use In heart failure 

Patient acceptance 

COMPLICATION 

RENAL INSUFFICIENCY 

Good Good 

No Yes 

No Yes 

Renal, hematologic 

Yes 

Good 

Tab l e 15 

No 

Uncertain 

DRUG REGIMEN OF CHOICE 

MINOXIDIL + BETA BLOCKER 

+A LOOP DIURETIC 

CONGESTIVE HEART FAILURE/CAD CAPTOPRIL +A DIURETIC 

CEREBROVASCULAR DISEASE EITHER OF THE ABOVE 



Potential Role of the Calcium Blockers in t he Management of Refracto ry 
Hypertens 1 on 

At the present time, we are witnessing tremendous interest in the 
clinical application of calcium blockers in the management of various 
cardiovascular disorders . The rationale and the general use of calcium 
blockers in cardiovascular diseases has been reviewed here previously 
(Roan, 1980; Hillis, 1982} . I will limit my comments to their potential 
use in systemic, resistant hypertension. To underst-and how calcium 
blockers work, it is necessary to understand the physiological role of 
Ca++ in the contraction of the heart and vascular smooth muscle. The 
pioneering work of Fleckenstein on the action of calcium blockers has 
unfolded the role of Ca++ in cardiovascular physiology and added a new 
dimension to cardiovascular therapy (Fleckenstein, 1977). 

Calcium plays a vital role in the contraction of cardiac and smooth 
muscles. Although most of the electrophysiological data pertaining to 
Ca++ were obtained from the cardiac muscle, they can be readily 
extrapolated to the smooth muscle. In the resting state, the regulatory 
protein tropomyosin prevents the interaction of the contractile 
proteins, actin and myosin, thereby preventing muscle contraction . When 
the cell is stimulated calcium enters the cell. The transmembrane 
calcium current associated with the action potential causes extrusion of 
Ca++ from the internal stores in sarcoplasmic reticulum (Braunwald, 
1982; Zelis, l98l}(Fig 39 & 40} . When the cytoplasmic calcium exceeds a 

II . Contraction 

43 

5f!t ·eral n•llu /ar mecha nisms ure knou•n or thought to mediate 
t•a.'icular smmJtb muscle cmrtrac:t lon und rela"Cal/on. First , fXJ · 
te~ttiuf.dt1Jt•ndent or recep/(lr-depetldent channels for caJdum 
influx ure actit 1Uted; calcium mterlng tbrr>uRb the latter. oper
aiL•cl bert! by noreplnepbtine ( NE) , lriJI.8.f!rS release of cal dum 
in sanoplusmic reticulum and Stlrcolemma (I ) . Increased 
intrundlulur culdum combines u'itb calmodulfn and aclft;afes 
my osin ll;t.hl chain kinase. ll'biCh pbosphorylates myosin, lead· 
lnf< to my o.'\hH lCI In lnteraclifm and cmJtractton ( 1/ ). Rela:'Ca
lion mt~ · occur ll'ht!1l phosplm ftlS<'- ml!dluted dl!pbvspborylutlon 

predo minates fJI'er pbospbnrylatlon, and the caicium di.ssod
utttd from culmodu/fn is taken up by Intracellular storage sites, 
is actit,ely extn1ded In an A 7P-dependent process, or is passively 
extruded by a mechanism iinked uitb Na-K exchange ( Ill) . As 
Indicated try shaded circles, vf!rapamll, diltia:zem, and nlfediplne 
all appear to Inhibit calcium Influx (I); t'f!ra{Jamil "ltry also 
block release of sarcnlemmal calcium (I); diltlazem may lntf!r· 
act wttb Intracellular caldum-uti/lzlng mechanisms {II) and 
may also stimulate Na-K exchange ( Ill) and perhaps A TP·de

pendf!7tt calcium extrusio n ( Ill). (From Ze 1 i s , 1 g32 ) 
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"critical concentration", Ca++ binds to the regulatory protein, 
troponin, removing the action of tropomyosin; then actin and myosin 
interact to cause contrac t ion. Thus, Ca++ plays a key role in the steps 
leading to smooth muscle contraction. It i s widely accepted that the 
dominant effect of calcium blockers is on the so-called "slow channels" 
of the muscle cell. The initial depolarization of cell is caused by an 
inward sodium current which is mediated by the "fa s t channels". The 
group of pharmacological agents that block the Ca++ 111ediated 
electro-mechanical events are variously known as cctlcium antagon i ~ls, 
calcium channel blockers, ca lcium inhibitors, ca lciu111 efflux inhibitors 
and slow-channel blockers. There has not yet been universal acceptance 
of a single name that describes these agents because these drugs are 
quite heterogenous with regard to their physiological effects and 
chemical structure (Fig 41). · 

Established systemic hypertension is characterized by increased 
peripheral vascular resistance (Folkow, 1971). Peripheral vascular 
resistance is dependent on arteriolar lumen which in turn is governed by 
the variations in the smooth muscle tone. Because of the role of 
calcium in vascular smooth muscle contraction which modulates the 
peripheral vascular resistance, calcium blockers are expected to play an 
important role in the management of hypertensive disorders. The 
application of calcium blockers in hypertension is at present an area of 
intense basic and clinical research. 

Clinical Use of Calcium Blockers in Hyperten sion 

There are three calciu111 blockers presently ava ilable for clini cal 
use, nifedipine, vera pamil and diltiazen, and none of them is approved 
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by the FDA for use in hypertension. Of the three, nifedipine (Fig 42) 
is the most potent as far as the blood pressure lowering effect is 
concerned and this discussion will focus mainly on the use of this drug 
in resistant hypertension. Verapamil has an intermediate effect on the 
blood pressure whereas diltiazem is probably least useful for 
hypertension (Spivack et al, 1983). The clinical and some 
electrophysiological differences between the currently available Ca++ 
blockers are shown in Tables 16 and 17. For detailed information on the 
clinical pharmacology and cardiovascular effects of calcium blockers, I 
must refer you to excellent reviews on this subject (McAllister, 1982; 
Flaim and Zelis, 1982). I will limit my remarks to the use of 
nifedipine in resistant hypertension. 

COOCH3 

Fig 42 Chemical structure of niledipine. 

A number of reports suggest that nifedipine is an effective 
antihypertensive agent (Spivack et al, 1983; Olivari et al, 1979; Guazzi 
et al, 1977). The antihypertensive effect of nifedipine is due to a 
fall in peripheral vascular resistance and may be associated with reflex 
tachycardia (Kuwajima et al, 1978; Beer et al, 1981) (Fig 43). It is 
unclear whether the antihypertensive effect of nifedipine (and other 
calcium blockers) is attributable to blockade of Ca++ channels. Further 
studies, perhaps utilizing radioligand binding techniques, should define 
the precise mode of action of calcium blockers. 

Nifedipine has been successfully used in the acute management of 
severe hypertension (Fig 44) and hypertensive emergencies (Kuwajima et 
al, 1978; Beer et al, 1981; Chia et al, 1982). Limited experience 
suggests that nifedipine may have an addictive effect in hypertensive 
patients not responding to methyldopa (Guazzi et al, 1979). Since 
nifedipine causes activation of sympathetic tone and tachycardia, it may 
be necessary to add a beta-blocker to suppress the nifedipine related 
adverse hemodynamic effects (Aoki et al, 1978) (Fig 45). 
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Table 16 

Calcium channel blocker~: comparfaon of clln~l ellecta 

Effect DIIUazem• NHedlplne• 

Coronary vasodilation +++ +++ 

Peripheral vasodilation + +++ 

Contractility 0 

Heart rate, resting + 

Atrioventricular nodal 0 
conduction 

•Trade names: dlltiazem, Cardlzem; nlfedlplne, Procardla; verapamll, Calan, laoptln. 

Number ot plus or minus signa Indicates relative magnitude ot enect 

Table 17 
Differential effects of verapamil, nifediplne and dlltiazem 

Action 

Effect on fut c,.,annels 

Local anaesthetic effect 

Slowing of AV conduction 

Prolongation of refractory period in AV node 

Vascular 0 1 consumption 

Negative inotropicfnegatlve chronotropic effect 

Peripheral vasodilator etfect 

Actlvat•on of baroreceptor reflexes 

Verapamll 

+ 

+ 

+ 

+ 

> 1 

+ 

.. 

Nlfediplne 

0 

0 

0 

0 

~1 

++ 

++ 
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Fig 43: Hemodynamic parameters with nifedi pine therapy in severe hypertension. t·1BP = 
mean arterial BP; HR = heart rate; CI= cardiac index; SI = stroke index; TPRI = total 
peripheral vascular resistance; OS= left ventricular systolic dimension; Dd -left 
ventricular diastolic dimension; EF =ejection fraction (From Kuwajima et al, 1978). 
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Fig 44 . 
Effects of s~blongual placebo and nifedipine ( 20 

mg ) on blood pressure and heart rate in patients with severe 
h~'Pertension (diastolic pressure ~ 110 mm Hg ). Compared 
w1t~ placebo, significant reduction in both systolic and dia~ 
s.t.ol•~ ~>lood . p re.~ .·mre see n 30 minuter after nifedipine theraw. 
SJgnlficunt tncrease in heart rate. t From Beer et a J , 1981) 
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Fig 45 Heart rate increase with nifedipine in normotensive 
vo lunteers and hypertenl'ive patients . Combined adminiatra· 
tion of nlfedipine and propranolol does not result in an 
increa~te in heart rate. Propranolol may inhibit the incrett.&e of 
the ni fedipine·mduced increa8e in heart rate. Hypertenttive 
patienta • (-); normotensive- volunteen • (··· ·). Valuee 
are mean= atandard deviation. (From Aoki et al, 
1978) 

Even though nifedipine is not approved by the FDA for use in 
hypertens ion , one can cautious ly utilize this agent i n patients with 
res i stant hypertension in whom other drugs have failed . Preliminary 
experi ence in a limited number of patients suggests that ni fedipine is a 
usefu l agent in the treatment of resistant hypertens ion (Dean and 
Kenda 11 , 1983; Brennan et a 1 , 1982) (Fig 46) . The dos age needed to get 
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the desired therapeutic effect in hypertension is highly variable - most 
of the studies have employed total daily doses ranging from 20 to 60 mg 
(given bid or tid). As in the treatment of angina, daily doses 
exceeding 120 mg are rarely necessary. A single dose should not exceed 
30 mg because of the risk of profound vasodilation and its attendent 
consequences. The dose can be increased at weekly intervals in the 
out-patient setting or every 4-6 hours in the hospital setting. When an 
irr•nediate reduction in the blood pressure is indicated, the capsule can 
be broken and the contents either absorbed sublingually or swallowed. 

Adverse Effects 

Most of the side-effects from nifedipine are related to its 
mechanism of action - direct vasodilation. These include headache, 
facial flushing and palpitations (Lewis, 1983). The hyper-adrenergic 
symptoms such as palpitation and tachycardia can be controlled with a 
beta-blocker. Ankle edema can be a s1gnificant problem in some · 
patients. The precise mechanism of this effect is not established and 
could be due to local precapillary vasodilation since it is not 
associated with generalized fluid retention or weight gain and does not 
always respond to diuretics. As nifedipine does not depress the A-V 
node or myocardial contractility, it has minimal or no cardiac adverse 
effects . Side-effects from nifedipine therapy is one study shown in 
Table 18. The long-term safety of nifedipine alone or in combination 
with other drugs in the treatment of resistant hypertension is not 
known. 

Table 18 
Incidence of side etrectt In 4863 patients on ni· 

lediplnt therapy (a Her Ebner and Oonatn, 1981) 

Side effects Numoer (o/o) 

Headaches 350 7.2 

Facial flush 
126 ~ Heat senSJt1v1ty 121 256 5.3 

Reddenmg 9 

Nausea 121 2.6 

Vom•ting 38 0.7 

Oizztness 139 2.8 

Giddiness 13 0.28 

GastrOintestinal 93 1.9 
(heanburn. dyspepsia) 

PalpltBIIOn 49 1.0 

Oecress•on 31 0.6 

Leg oedema 29 0.6 

Hypotension 24 0.5 
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Illustrative Case #10: Nifedipine in controlling severe treatment
resistant essent1al hypertension. 

B.W., a 30 year old black female was referred for severe drug 
resistant hypertension. This patient has had high blood pressure since 
age 14. Work-up at that time for secondary hypertension was "negative." 
Over the past 16 years her blood pressure progressively increased and 
failed to respond to a variety of medications. Her recent treatment 
consisted of hydrochlorothiazide-amiloride and captopril, 150 mg/day. 
On this regimen her BPs ranged from 160/110 to 180/120 in the hospital. 
Full work-up for secondary hypertension was again negative. 

The patient did not as1ee to minoxidil therapy. At this point, the 
_option of nifedipine was presented to her and she agreed. Nifedipine 

was substituted for captopril and the dose was titrated over several 
days to 90 mg/day. She developed palpitations and her heart rate 
increased from 76 to 104; propranolol was added to control tachycardia. 
On a regimen of hydrochlorothiazide, amiloride, nifedipine (90 mg/day) 
and propranolol (120 mg/day) she showed a remarkable improvement in 
BP-110/80; 130/92-and the pulse-84. · 

Illustrative Case #11: Successful control of severe drug-resistant 
hypertens1on w1th nifedipine in a patient with complicated hypertension. 

W.M., a 53 year old white man was evaluated because of progressive 
hypertensive disease. His renal arteriogram was normal. This patient's 
BP was poorly controlled for many years despite a trial of various 
regimens. For example, on hydralazine (400 mg), metoprolol (100 mg) and 
furosemide (80 mg) his diastolic was> 120. Because of underlying COPD, 
he developed bronchospasm even on limited doses of cardia-selective 
beta-blocers. Hydralazine could not be continued due to symptomatic 
tachycardia which was not offset by clonidine. For this reason, 
minoxidil therapy was not considered. 

He was placed on captopril plus a diuretic. On 400 mg of 
captopril, his BP was was stabilized at 130/90-92. However, due to 
renal insufficiency (creatinine 2.4-2.8 mg%), captopril dose was 
decreased and it was later discontinued due to lack of sustained 
response. His BP rose to 170/110 and at this stage, he was placed on 
nifedipine. The blood pressure gradually responded to increasing dosage 
of nifedipine (120 mg/day). He did not exper i ence significant 
tachycardia (so far) but developed 2+ ankle edema. This patient's BP 
was 130/80 on nifedipine 120 mg/day and bumetanide 2 mg/day. It remains 
to be seen whether the present regimen will control his BP in the l ong
run. 

Other Orugs for Resistant Hypertension 

Prior to the availability of minoxidil and captopril, guanethidine 
was used widely in the management of severe, drug-resistant 
hypertension. Guane t hidine exerts its action by depleting the nerve 
endings of catecholamines and thus interfering with post-ganglionic 
neurotransmission resul ti ng in vasodilat i on (Woosley and Nies, 1976). 
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Although guanethidine in combination with a diuretic can effectively 
lower the blood pressure, it causes several intolerable side effects 
like sexual dysfunction, orthostatic hypotension, diarrhea and nasal 
stuffiness, etc. Its use is now largely supplanted by the newer drugs 
discussed above and I will not elaborate any further on the role of 
guanethidine. Labetalol, a combined alpha plus beta adrenergic receptor 
blocking drug, has been used in the treatment of resistant hypertension 
(Kristensen and Peterson, 1980). However, there is no large scale 
experience with labetalol in resistant hypertension and further 
investigations are necessary to ascertain its role. 

Diazoxide, a direct vasodilator which is available in oral form 
abroad has been used in treating difficult hypertensives (Swales et al, 
1982). Its long-term use is precluded by severe side-effects such as 
hypertrichosis, glucose intolerance, etc. The new long-acting ACE 
inhibitor ~MK-421) may have a potential role in the management of 
difficult ypertensive patients. 

Synopsis of the Drug Treament of Resistant Hypertension 

At present, minoxidil and captopril are the drugs of choice in 
controlling drug resistant hypertension. Which one should be preferred 
over the other should be dictated by factors such as the physician's 
familiarity with the drug, sex of the patient, status of the renal and 
cardiac functions, patient's plasma renin activity (if known), and a 
knowledge of possible hemodynamic effect. 

For females, it is better to try captopril first, irrespective of 
the renin status rather than minoxidil because of the adverse cosmetic 
effect from the latter. Patients with concomitant heart failure should 
hopefully benefit from captopril therapy. Minoxidil should be chosen 
over captopril for patients with depressed immune function or 
significant renal insufficiency. Finally, if either drug doesn't work 
or cannot be used, consideration must be given to the institution of 
nifedipine therapy. The proper utilization of the potent drugs 
discussed here entails knowing their mechanism of action, hemodynamic 
effects, cost, and possible adverse effects. 

RESISTANT HYPERTENSION 

t 
EVALUATE AND CORRECT 
THE POSSIBLE CAUSE (S) 

+ 
DRUG THERAPY 

---------~ ------- ---------------------------------
MINOXIDIL 

Mole Patients 

Renal Insufficiency 

Immunosuppressed Patient~····· . 

CAPTOPRIL 

Moles ond Females 

Heart Failure 

Coronary Artery Disease 

-----"' 
NIFEDIPINE 

51 



SUMMARY AND CONCLUSIONS 

Considering the vast number of hypertensive patients, drug 
resistant hypertension is relatively uncommon. If hypertension in a 
compliant patient is poorly controlled despite salt restriction and 
regimen of a diuretic plus adrenergic blocker plus a vasodilator, then 
the hypertension is indeed resistant or refractory. Before resorting to 
extensive investigations or altering the therapy we should consider the 
following points: 

--is the patient compliant with drugs and diet? 
--is there an adverse drug interaction? 
--Is the patient ingesting pro-hypertensive substances? 
--are drugs being used in optimal doses and combinations? 

Once the above questions have been addressed, depending on the 
clinical circumstances, a secondary form of hypertension such as 
renovascular hypertension or renal disease must be excluded. · I should 
emphasize the fact that the work-up for a renovascular cause must be 
undertaken only if the patient is suitable for angioplasty or surgery. 
Most of the investigations for secondary hypertension are best done 
after the discontinuation of previous therapy; since it is not possible 
to discontinue the therapy in patients with "resistant" hypertension, 
hospitalization may be necessary. 

After determining that the patient's hypertension is indeed 
refractory to conventional drug therapy, alternate pharmacological 
approaches must be taken. Otherwise, the patier.t is at a risk of 
developing serious complications of uncontrolled hypertension such as 
stroke, heart failure, and renal damage. T~e choice between minoxidil 
and captopril (and? nifedipine) should be strictly individualized, 
taking into consideration the factors covered above. Proper treatment 
of resistant hypertension does not consist of trying any available drug 
at random but a careful analysis of the options must be made. However, 
our responsibility does not end with initiating the therapy. Patients 
should be closely followed in order to ensure that the blood pressure is 
controlled without significantly compromising .the lifestyle. While the 
therapies available today are certainly effective, the intended benefit 
will be lost if we do not watch the patients' clinical course carefully. 
Pharmacological advances in the hypertension research are a reflection 
of the application and transfer of science from bench to the bedside. 
The drug resistant hypertension, challenging as it is, can be managed by 
proper consideration and analysis of the causative and therapeutic 
principles discussed. 

I am grateful to Elizabeth Narkiewicz for her superb secretarial 
assistance and to Dr. Norman Kaplan for reviewing this grand rounds. 
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