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8. Conclusions

Abstract

Hypertensive crisis is defined as a severe elevation in BP and is classified
either urgency or emergency. In hypertensive urgency there is no end-organ inju
and no evidence that acute BP lowering is beneficial. Indeed, rapid uncontrolle
pressure reduction may be harmful. Therefore, in hypertensive urgencies B
should be lowered gradually over 24 to 48 hours using oral antihypertensives.

When the cause of transient BP elevations is easily identified, appropriat
treatment should be given. When the cause is unknown, an oral antihypertensi
should be given. The efficacy of available treatments appear similar; howeve
the underlying pathophysiological and clinical findings, mechanism of action anc
potential for adverse effects should guide choice. Captopril should be avoided |
patients with bilateral renal artery stenosis or unilateral renal artery stenosis |
patients with a solitary kidney. Nifedipine and other dihydropyridines increase
heart rate whereas clonidirfiplockers and labetalol tend to decrease it. This is
particularly important in patients with ischaemic heart disease. Labetalol an
B-blockers are contraindicated in patients with bronchospasm and bradycardia
heart blocks. Clonidine should be avoided if mental acuity is desired.

In hypertensive emergency there is an immediate threat to the integrity of th
cardiovascular system. BP should be immediately reduced to avoid further er
organ damage. Sodium nitroprusside is the most popular agent. Nitroglyceri
(glyceryl trinitrate) is preferred when there is acute coronary insufficiency. A
B-blocker may be added in some patients. Loop diuretics, nitroglycerin and sc
dium nitroprusside are effective in patients with concomitant pulmonary oedems
Enalaprilat is also theoretically helpful, especially when the renin system migh
be activated. Initial treatment of aortic dissection involves rapid, controlled titra-
tion of arterial pressure to normal levels using intravenous sodium nitroprussid
and g3-blocker. If3-blockers are contraindicated, urapidil or trimetaphan camsil-
ate are alternatives. Hydralazine is the drug of choice for patients with eclampsi
Labetalol, urapidil or calcium antagonists are possible alternatives if hydralazin
fails or is contraindicated. For patients with catecholamine-induced crises, a
a-blocker such as phentolamine should be given; labetalol or sodium nitroprus:
ide with B-blockers are alternatives.

There are few, if any, comparative or randomised trials providing definitive
conclusions about the efficacy and safety of comparative agents. Some inves
gators recommend decreasing the diastolic BP to no less than 100 to 110mm
A reasonable approach for most patients with hypertensive emergencies is
lower the mean arterial pressure by 25% over the initial 2 to 4 hours with the mo:
specific antihypertensive regimen.
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Tolerability of Hypertensive Crisis Treatments 101

1. Definition of Hypertensive Crisis Table I. Definition of a hypertensive emergency
Moderate to severe elevation of arterial pressure associated with:
Hypertensive crisis, defined as a severe elevamalignant hypertension?
tion in blood pressure (BP), such as a diastolic BPntracranial hemorrhage
above 120 to 130mm H4,can be subclassified as Atherothrombotic cerebral infarction
either emergency or urgency in nati#fe. Acute congestive heart failure
. . . Acute coronary insufficiency
Hypertensive emergency is relatively rare and Acute renal insufficiency
defined as such only when there is an immediat@, e aortc dissection
threat to the Integrity of the cardiovascular SyStemAdrenergic crisis (phaeochromocytoma crisis, clonidine
(table 1). Patients with a hypertensive emergencywithdrawal, food and drug interactions with monoamine oxidase
require an immediate reduction in BP, generally™hbitors, amphetamine overdose)
effected by means of intravenous therapy in an insoemesa
r

. . . . a Malignant hypertension is a syndrome characterised by
tensive care Settmg: to avoid serious end organ  elevated blood pressure accompanied by encephalopathy or

damage, nephropathy or by papilloedema and/or microangiopathic
Unlike hypertensive emergency, patients with—"emolytic anaemia.

severe elevation in BP who have no evidence of

progressive end-organ injury are classified as hawions currently used to treat hypertensive crist

ing an urgent hypertensive crisis and require onljhave never been vigorously scrutinized. Much «

a gradual reduction in BP over a period of 24 to 48he therapy, therefore, is entirely empirical an

hours. based on an attempt to best match pathophysiol
According to a recent study the prevalence ofcal findings with pharmacological properties o

hypertensive crisis in an emergency room is 3% ofintihypertensive agents.

total patients in 1 year, but is 27% of all medical A number of pharmacological agents are aval

urgencies-emergenci€s. able in the management of hypertensive cHsis.
Before it was possible to treat accelerated-maThose agents can be divided by mechanism of

lignant hypertension, survival was 20% and 1% tion and route of administration (parentersbral

for 1 and 5 years respectivéfyDuring the last 2  or sublingual)(table II).

decades survival has improved, with a 10 year sur- Drug selection should be based on the sever

vival rate of 67% and mean survival of 18 yearsof the crisis and on the specific hypertensive cas

being reported! Emergency situations should be aggressive
Therapy has dramatically reduced immediatetreated, typically using intravenous medication i

deaths from hypertensive encephalopathy, acutenits with monitoring facilities’!

renal failure, haemorrhagic strokes and congestive

heart failure. 3. Parenteral Agents for
Hypertensive Emergencies
2. General Treatment Guidelines Several parenteral agents are available for t

I . . ._treatment of hypertensive emergencies (table Il
The initial goal of antihypertensive therapy is yp g ( ‘

not to rapidly normalise BP but rather to prevent

damage to target organs. This can be done by grad-
ually decreasing mean arterial pressure, while Sodium nitroprusside is the most popular age
minimising the risk of organ hypoperfusi®hBe-  used in the treatment of patients with hypertensi
fore discussing drug therapy for patients with hy-emergency. It is a short acting direct vasodilatc
pertensive crises we would like to emphasise thatequiring a constant intravenous infusion, that ce
outcome data attesting to benefits of acutely lowdecrease BP in all patients irrespective of the s
ering BP are not available. Thus, most intervenverity of the BP increase. The drug is light sensitiy

3.1 Sodium Nitroprusside
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102 Grossman et al.

Table II. Drugs for treatment of hypertensive crisis

Drug Mechanism of action Route of administration
Sodium nitroprusside Vasodilator \%
Diazoxide Vasodilator v
Hydralazine Vasodilator I\
Nitroglycerin (glyceryl trinitrate) Vasodilator IV, SL
Nifedipine Calcium antagonist PO
Nitrendipine Calcium antagonist PO
Nicardipine Calcium antagonist \Y
Nimodipine Calcium antagonist \%
Isradipine Calcium antagonist v, PO
Trimetaphan camsilate Ganglionic blocker v
Phentolamine a-Blocker \%
Urapidil a-Blocker with central serotonin v
(5-hydroxytryptamine; 5-HT) antagonist activity
Esmolol [-Blocker \Y
Labetalol a- and (-Blocker IV, PO
Captopril ACE inhibitor PO
Enalaprilat ACE inhibitor v
Fenoldopam Dopamine agonist I\
Clonidine a2-Agonist PO
Furosemide (frusemide) Loop diuretic IV, PO

IV = intravenous; SL = sublingual; PO = oral.

and should be shielded from light to prevent degside also interferes with the vasodilator action «
radation. The initial recommended infusion rate issodium nitroprusside and may eventually lead
0.25 pg/kg/min and may be increased by 0.25tachyphylaxis. Therefore, thiocyanate concentr
pg/kg/min every 5 to 10 minutes. Sodium nitro- tions should be monitored periodically and mail
prusside dilates both the arteriolar resistance anthined below 100 mg/L in patients with hepatic in
the venous capacitance vessels, thereby decreasipgirment, renal insufficiency and in those receivir
peripheral resistance without causing an increas@igh dosages of sodium nitroprussidei3kg/min)
in venous returff! The drug does not have any or a prolonged infusion (>24 to 48 hours). It shou
direct negative inotropic or chronotropic effects onbe noted that the development of thiocyanate ac
the heart. By reducing preload and afterload, somulation cannot be predicted and even a dose t
dium nitroprusside improves left ventricular func- is considered unlikely to cause adverse effects nr
tion in patients with congestive heart failure andbe toxicl®11 Patel et al*? reported a high rate of
low cardiac output and reduces myocardial oxygersodium nitroprusside toxicity when it was given t
demand in patients with ischaemic heart disease. patients with unstable post coronary artery bype
Interaction of sodium nitroprusside with sul- grafts. Symptoms of thiocyanate toxicity includ
phydryl groups in erythrocytes and tissues generfatigue, nausea, headache, disorientation, p
ates cyanide ions that are converted to thiocyanatehotic behaviour, skin rashes, anorexia, seizur
by rhodanese in the liver and then excreted by thenexplained cardiopulmonary arrest, coma, diffu
kidney. However, with prolonged administration of encephalopathy and even deldthWhen cyanide
sodium nitroprusside or administration to patientstoxicity is diagnosed it can be treated by the adm
with hepatic impairment or renal insufficiency, free istration of amyl nitrate, sodium nitrate and a st
cyanide may accumulate and interfere with aerobighydryl compound such as sodium thiosulfate.
metabolism, resulting in metabolic acidosis. Cya-Sodium thiosulfate can be used to prevent thi
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Tolerability of Hypertensive Crisis Treatments 103

cyanate toxicity!4 In case of failure to respond to intrapulmonary shunting whereas nitroglycerin de
such therapy, hyperbaric oxygen therapy, haemoereased it, thus making nitroglycerin more usef
dialysis or charcoal haemoperfusion may provefor managing patients with large intrapulmonar
beneficial, although there is limited experienceshunt or pulmonary hypertension.
with these modes of theraf¥! Fremes et d8l found that nitroglycerin caused
The advantages of sodium nitroprusside in cona greater reduction in myocardial oxygen demai
trolling hypertensive crisis in cardiac patients haveand consumption than sodium nitroprusside in h
been studied extensively. Kaplan and J&fles pertensive patients after elective coronary bypa
compared the effects of sodium nitroprusside andurgery. Therefore, if perioperative myocardie
intravenous nitroglycerin (glyceryl trinitrate) in 20 ischaemia is suspected in the setting of po:
patients during elective coronary artery surgery.operative hypertension, nitroglycerin may be a bett
Both regimens were effective in reducing intraop-antihypertensive agent.
erative BP. However, nitroglycerin improved elec- The efficacy of sodium nitroprusside was corr
trocardiographic ST segment depression in 8 of 1@ared with fenolodopak?-2% with diazoxide and
patients, whereas sodium nitroprusside made thhydralazin&! and with urapidil2-23lin hyperten-
ST segment depression more pronounced in 3 ddive crises, and was found to be effective in almc
10 patients. Decreased coronary perfusion prest00% of the cases.
sure and intracoronary steal syndrome may be in- In spite of the fact that sodium nitroprusside ce
volved in the worsening of ischaemia seen in paincrease intracranial pressuitd, the fall in sys-
tients receiving sodium nitroprusside. Flaherty ettemic pressure seems to block the rise in cereb
alll”l found that sodium nitroprusside increasedblood flow. It is therefore still recommended fo

Table Ill. Parenteral agents for treatment of hypertensive emergencies

Drug Dosage Onset of action  Duration of action Adverse effects
Sodium 0.25-10 pg/kg/min Immediate 1-2 min after Nausea, hypotension, thiocyanate and
nitroprusside infusion stopped  cyanide toxicity, methaemoglobinaemia
(rare)
Nitroglycerin 5-100 pg/kg/min 1-5 min 3-5 min Headache, nausea, tachycardia, vomiting,
(glyceryl trinitrate) tolerance with prolonged use
Diazoxide 50-150mg over 5 min or 1-5 min 4-12h Increased cardiac output and heart rate,
75-150mg every 5 min or precipitate ischaemia, sodium retention,
10-30 mg/min for 15-30 min hyperglycaemia, postural hypotension
Hydralazine 10-20mg IV, or 10-50mg IM, ~ 5-30 min 3-9h Increased cardiac output and heart rate,
repeat every 4-6h headache, angina
Nicardipine 5-15 mg/h 5-15 min 30-40 min Hypotension, tachycardia, nausea,
vomiting, flushing
Trimetaphan 1-15 mg/min 1-10 min 3-10 min after Hypotension, tachyphylaxis, orthostatic
camsilate infusion stopped effect, sympathetic blockade, respiratory
arrest
Labetalol 20-80mg every 10-15 minor ~ 5-10 min 3-6h Nausea, scalp-tingling, dizziness,
2-4 mg/min bronchospasm, bradycardia, heart block
Urapidil 12.5-25mg bolus followed by ~ 3-5 min 4-6h Hypotension, headache, dizziness
infusion of 5-40 mg/h
Phentolamine 5-10mg bolus 1-2 min 3-5 min Tachycardia, flushing, headache, angina
Esmolol 0.5-1 mg/kg followed by 1-2 min 10-20 min Hypotension, nausea
50-300 pg/kg/min
Enalaprilat 0.625-1.25mg 15 min 4-12h Hypotension, renal failure
Fenlodopam 0.1-1.6 pg/kg/min 5-40 min 60 min Headache, flushing, hypotension

IM = intramuscular; IV = intravenous.
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management of some patients with encephalopathgdverse effects are headache and hypotension.
and cerebrovascular accideRt33 Despite its ef- drug can also be used sublingually in selected |
fectiveness as antihypertensive agent, sodiuntients.

nitroprusside has not been used widely in preg-

nancy because of negative outcomes in animal ex- 3.3 Diazoxide

i 26] . S . . . :
periments: Diazoxide is a direct rapid-acting vasodilatc

_ ) o that decreases total peripheral resistance with a

3.2 Nitroglycerin (Glyceryl Trinitrate) flex increase in heart rate and cardiac output. T

: - L . compensatory increase in cardiac output and he
Nitroglycerin is an antianginal as well as anti- .

. . . rate can be blocked by concomit@riblocker ther-

hypertensive agent that dilates peripheral capaci- ) . . .

. ST apy. Since it does not cross the blood brain barri

tance and resistance vessels. By diminishing pre-: ; . .

. . . diazoxide has no direct effects on cerebral circul

load, nitroglycerin decreases left ventricular end,;

. . ; Pon, but of course cerebral blood flow will fall if
diastolic volume and pressure and myocardial wal . : .
. . . systemic pressure is reduced below the lower lir
tension, thus reducing myocardial oxygen con-

a0 i . -~
sumption. These changes favour redistribution ofOf autoregulatio??l In the past diazoxide was ini

coronary blood flow to the subendocardium, Whlchtlally given as a rap!d bolus of 300mg. Hovyeye
) X . : . the standard rapid intravenous bolus administ

is more vulnerable to ischaemia. Nitroglycerin may. . :
: . . : tion may cause profound hypotension with su
dilate epicardial coronary vessels and their collat- - .
. . . ~sequent myocardial ischaemia and cerebrovasct
erals and increase blood supply to ischaemic rex - 33 . ;
) ) . . insufficiency33 The safer course is to give the
gions. At higher doses nitroglycerin dilates arteri- . : : .
. . rug either by slow infusion of 15 to 30 mg/mi

olar smooth muscle, thereby reducing periphera

. . i over 15 to 30 minutes or by smaller bolus doses
resistance and afterload. Continuous intravenou . :
X A N . . 5 to 100mg intravenously, every 5 to 10 minute
nitroglycerin is effective in decreasing the in-

cidence of myocardial ischaemia in patients withThese methods are equally effective and are as

. . . &iated with fewer adverse effed?$l The adverse
coronary artery disease undergoing cardiac an

noncardiac surgef§?) Nitroglycerin is a better va- effects of diazoxide include fluid retention, nause

sodilator of coronary conductance arteries than Sof_lushmg, dizziness and hyperglycaeriflawhen

dium nitroprusside and for that reason is preferreéJSIng diazoxide, significant adverse effects such

in the management of hypertensive crisis associpOSturaI hypotension, maternal and fetal hyperg

ated with acute coronary insufficienl Intrave- caemia and cessation of gestational labour that

. L . . sults from relaxation of the uterine smooth musc|
nously, nitroglycerin infusion also has been used in

. . - . must be borne in mind. Diazoxide is contraind
controlling hypertensive crisis during pregnancy. X : . .
6] 7" cated in patients with severe angina, acute myoc
Snyder et a8l reported the successful use of in-

: o . dial infarction, dissecting aneurysm and conge
travenous nitroglycerin in controlling hyperten-

. . . . . tive heart failure.
sion during anaesthesia for caesarean section, with-

out neonatal respiratory depression or hypotension.
The usual initial dose is 5 to 1®/min and can be
titrated upward to a desired therapeutic endpoint. Hydralazine is a direct arteriolar vasodilato
A dose as high as 200 to 3p@/min may be re- with little effect on venous capacitance vesse
quired to achieve an adequate respdt®@nset that produces a rapid BP decrease with diastc
of action is almost immediate with a very short pressure reduced more than syst8ftlts admin-
duration of action of approximately 3 to 5 min- istration results in activation of baroreceptor re
utest3% Prolonged use of nitroglycerin is not asso-flexes leading to increases in heart rate, myocarc
ciated with toxicity, but tolerance to its haemo- contractility and cardiac output and an augmen
dynamic effects has been report#d.The main tion of renal blood flow. Hydralazine can be give

3.4 Hydralazine
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Tolerability of Hypertensive Crisis Treatments 105

intravenously or intramuscularly in initial doses of ing. Administration of 10 to 15 mg/h of nicardipine
10 to 50mg. The drug should not be diluted withdecreased BP by more than 15% within 25 minute
solutions containing dextrose or other sugarswithout a significant change in heart rate or cardic
because of its ability to form potentially toxic index. In a double blind study intravenous nicarc
hydrazone$t3! The drug reduces systemic vascu-ipine was compared with placebo in 123 patien
lar resistance and BP in severe hypertension imvith a BP of over 213/126mm H¢f! Of 73 pa-
pregnancis! without a significant change in tients who were treated with nicardipine, the the
uteroplacental blood flol! apeutic goal was achieved in 67 patients. Seve

Although hydralazine easily crosses the pla-adverse effects were reported; 30 patients h
centa, its relative safety and efficacy combinedheadache, 7 patients had hypotension and 7 |
with the extensive clinical experience have maddients experienced nausea. The pharmacodynarn
it the most widely used antihypertensive agent inof nicardipine are comparable to sodium nitrc
hypertension associated with pregnali8yThe prusside in terms of onset, duration and offset
major drawbacks of hydralazine are adverse effectaction. Halpern et a4 and David et a6l found
that include reflex tachycardia, salt and water rethat nicardipine was as effective as sodium nitr
tention, intense flushing, headache, nausea, vonprusside in patients with severe postoperative t
iting, myocardial ischaemia and increased intra-pertension. Patients receiving intravenous nicar
cranial pressure. Therefore, the use of intravenoupine can then be easily switched to oral medicatic
hydralazine is limited to patients with pre-eclampsia

or eclampsia. 3.5.2 Nimodipine
Nimodipine is a potent cerebral vasodilator th:
3.5 Calcium Antagonists has been approved for use in relieving the vas
spasm accompanying subarachnoid haemorrha
3.5.1 Nicardipine Nimodipine has improved the outcome of patien

Nicardipine is a dihydropyridine calcium antag- with aneurysmal subarachnoid haemorrhi4gé?!
onist which can be administered intravenolSly. Its beneficial effect in aneurysmal subarachno
It is an effective antihypertensive agent that de-haemorrhage seems to be unrelated to its antil
creases afterload by reducing total peripheral resigertensive effect or to its cerebral vasodilator pro
tance without reducing cardiac output. Nicardipineerties and is perhaps related to preserving functic
improves left ventricular ejection fraction and ing neurons by preventing calcium influx to the
pumping activity, both in normal and failing ischaemic cell§8!
heartd38] The drug dilates the coronary arteries
more selectively than the remainder of the arterial 3.5.3 Isradipine
tree, without changing the heart r& It may pre- Isradipine is useful in the treatment of hypertet
serve tissue perfusion, and therefore may be advasive crisis and in intraoperative and perioperati\
tageous in patients with ischaemic disorders, suchypertensio*®! In 10 symptomatic patients with
as coronary, cerebrovascular and peripheral vascurypertensive crisis, intravenous administration
lar disease. The drug is given as a continuous infuisradipine at a dose of 7|®&y/kg/h for 3 hours re-
sion at a starting dose of 5 mg/h followed by incre-duced mean arterial pressure significantly witho
ments of 2.5 mg/h every 5 minutes until either amajor adverse effect® Thus, parenteral isra-
maximal dose of 15 mg/h is reached or the desiredipine may be used in patients with hypertensi
reduction in BP is achieved. Nicardipine has beercrises.
used for the treatment of postoperative hyperten-
sion[40-46] Floyd et al2!! used intravenous nicard-  3.5.4 Verapamil and Diltiazem
ipine in the treatment of acute hypertension in 11 There is limited published experience with in
patients undergoing coronary artery bypass grafttravenous verapamil and diltiazem in the treatme
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of hypertensive crisis. These drugs therefore haveardial infarctiorl>®! in patients with acute postop:
little if any role in the treatment of this condition. erative hypertension after aortocoronary bypa
surgeryf®! or surgery requiring general anaesth

3.6 Timetaphan Camsilate sial*l in neurovascular surgical patients, in chi

Trimetaphan camsilate is a ganglionic bIockerdren with hypertensive crises and in hypertensi

g o 58] .
agent that inhibits both sympathetic and parasym-CrISIS por.npllcau.ng pr.egnan& The drug IS

. . - . ontraindicated in patients with acute left ventri
pathetic autonomic activity. It has a rapid onset and

. . i - ular failure, second or third degree atrioventricul
brief duration of action and must be administered . . .
X . . . . block and chronic obstructive pulmonary diseas
by continuous intravenous infusion with constant

monitoring of BP. The usual starting dose is 0.5 toCautlon Is needed to avoid postural hypotensior

1 mg/min titrated to obtain the desired BP Ievel.pﬁgen;‘:’ ?r::aovsvlfi?] c;l;t(;_];ﬁ) eciégl:fdevez—::rlstghé?f%c:i
One needs to titrate the drug carefully, and to ele%agbe noted. Transition o oral therapy with t;
vate the head of patient’s bed during the infusion y o e Py
: . . same drug is not difficult.
to avoid severe postural hypotension. Trimetaphan
camsilate is particularly useful in aortic dissection
because it can be titrated carefully to permit

smooth control of BP and because it decreases car-

diac output and left ventricular ejection rate.Ceptor antagonist with strong vasodilating prope
Tachyphylaxis develops frequently after 24 to 48ties. The fact that it also antagonises the pre-s

hours because of intravascular volume expansion, .. : .
. . . aptic serotonin 5Hix receptors explains the lack
and this may be attenuated by the use of diuretics, A :
. - of reflex tachycardia in response to peripheral v

Adverse effects include blurred vision, exacerba-

. : sodilatation. Urapidil has a rapid onset of actio
tion of glaucoma, dry mouth, respiratory depres- . : .
) R . . with a response rate of 81 to 100% in hypertensi
sion, nausea, constipation, fetal meconium ileus

o ; ; ie$9-61] Urapidil is given n intrave-
paralytic ileus, impairment of renal blood flow emergencied Urapidil is given as an intrave

: . . . Pous bolus at a dose of 12.5 to 25mg followed |
with azotaemia and urinary retention. Because o

: a continuous infusion at a rate of 5 to 40 mg/h.
the frequency and severity of the adverse effect:?1as no effect on coronary sinus blood flow. mve
associated with this drug and the availability of y My

. 2 . cardial oxygen consumption and myocardial la
more effective agents, it is now used only in pa- ] ; ) .
tate extraction, and it does not increase intracrar

tients with life threatening disorders such as dis- in 2% of all
secting aortic aneurysf#l pressure. Adverse effects oceur in 2% of a p
tients and include hypotension, headache, diz

ness. Urapidil is well tolerated and efficient in ir
tra-operative hypertensive crises. In a recent stu
Labetalol produces selective antagonism athe drug was given to 42 patients with intra-oper
postsynaptic-adrenoceptors and nonselective an-tive hypertensive crises. A significant reduction |
tagonism atB-adrenoceptors. The drug can be BP was observed within 10 minutes in 81% of tt
given intravenously either by repeated bolus ofpatientd®? In 2 recent studi€d?23lthe safety and
0.25 to 0.5 mg/kg every 10 to 15 minutes or by aefficacy of urapidil were compared with sodiun
continuous infusion of 2 to 4 mg/min. Alterna- nitroprusside. In 1 stud$? 81 patients with hyper-
tively, the drug can be given in a bolus injection oftensive emergency received either sodium nitr
100mg followed by an infusion of 2 to 4 mg/min. prusside or urapidil. Response to treatment (BP
The average effective total dose is 200mg. The reduction to below 180/95mm Hg within 90 minutes
sponse rate in patients with hypertensive crisis isvas similar in both treatment groups (89% for ur
about 80 to 93%1-58] The drug was found to be pidil and 97% for sodium nitroprusside). Howeve
effective and well tolerated in patients with myo- during the follow-up period, 24% of the patients i

3.8 Urapidil

Urapidil is a selective post-synaptig-adreno-

3.7 Labetalol
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Tolerability of Hypertensive Crisis Treatments 107

the sodium nitroprusside group and only 2% of thebefore esmolol can be recommended for routil
patients in the urapidil group exhibited BP re-ele-use in the treatment of hypertensive crisis.
vation. Moreover, major adverse effects were more

common in the sodium nitroprusside group. Since  3.11 Enalaprilat

urapidil is equally effective compared with sodium

nitroprusside with less adverse effects, urapidil is Enalaprilat is the only available ACE inhibitor
a reasonable alternative to sodium nitroprusside ithat can be administered intravenously, although
the treatment of hypertensive emergency, especiall§ report captopril was given intravenously to tre:

in intra-operativéhypertensive crisis. hypertensive crise8’! Enalaprilat rapidly lowers
BP within minutes in patients with severe hype
3.9 Phentolamine tension, without causing excessive hypotension

adverse reactions. The initial recommended do
Phentolamine is a parenteral nonspedifiad-  for enalaprilat is 0.625 to 1.25mg administere
renergic blocking agent with rapid onset and short-over 5 minutes. The maximal single dose shou
lasting antihypertensive effect. It is given intrave- not exceed 5mg for patients receiving diuretics al
nously in a boluses of 5 to 10mg and repeated..25mg for patients with renal impairmé?f. The
administration may be necessary. Adverse effectitial dose can be repeated after 1 hour if clinic
include tachycardia, vomiting and headache. In paresponse is inadequate. The total daily dose sho
tients with coronary artery disease phentolaminenot exceed 20mg. In patients with severe renal i
may induce angina pectoris or myocardial infarc-sufficiency the dose should be decreased beca
tion. It is specifically useful in treatment of cate- the compound is excreted primarily by the kidne:

cholamine mediated hypertensive cri§ésHow- Enalaprilat is more effective in patients witt
ever, it is not consistently effective in other typeshigh-renin forms of hypertension, and may induc
of hypertensive emergencies. a dramatic fall in BP in patients who are volum
depleted by prior dietary sodium restriction or di

3.10 Esmolol uretic usd®® African-Americans seem to responc

poorly to enalprilat, possibly because of their loy

Esmolol is an ultra-short actifiy-selective ad-  renin leveld’% Because enalprilat may induce se
renergic blocker. The duration of action is ex-vere hypotension in volume depleted patients,
tremely short, about 30 minutes, because of itshould be used with caution in patients who are
rapid metabolism by a specific plasma esteraserisk for cerebral hypotensive episode. In patien
This characteristic provides a significant advan-with hypertensive emergency the response rate
tage over similar agents such as propranolol beabout 65%. Hirschl et &1 evaluated prospec-
cause it is possible to titrate esmolol easily to thdively the efficacy and safety of various doses
desired effecl! The drug can be administered ei- parenteral enalaprilat in patients with hypertensi
ther as a bolus injection or as a continuous intraveerises. 65 consecutive patients with hypertensi
nous infusion. The recommended loading dose igrises (urgency or emergency) were randomly &
0.5to 1 mg/kg followed by an infusion of 50 to 300 located to receive different doses of enalapril:
png/kg/min. Esmolol is frequently combined with (0.625, 1.25, 2.5 and 5mg). In 41 (63%) of 65 p
direct vasodilators to provide a more desirabletients the treatment goal was achieved, with a sii
haemodynamic profile. The negative chronotropicilar response rate for all enalaprilat doses. Tht
effect produced by esmolol may be beneficial in0.625mg may be adequate as initial dose in t
patients with ischaemic heart disease. Recently edreatment of hypertensive crisis. In another stuc
molol has been used successfully with sodiumenalaprilat was compared with intravenous ur
nitroprusside in a few cases of hypertensive cripidil and sublingual nifedipine in the managemel
sesl83-66] Further prospective studies are requiredof hypertensive crisi€2 Only 70% of the patients
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in the enalaprilat group achieved goal BP (less thainfusion rate of 1.51g/kg/min for fenoldopam or 8
180/95mm Hg within 45 minutes after start of ug/kg/min for sodium nitroprusside. Both antihy
treatment) versus 96 and 71% in the urapidil andhbertensive agents successfully controlled BP in
nifedipine groups respectively. patients. The rate of adverse effects was similar
Enalaprilat may be an alternative treatment forboth groups of patients. However, in 2 patien
hypertensive crisis in patients with congestivetreated with sodium nitroprusside toxic concentr
heart failure. The most common adverse effect idgions of thiocyanate were detected. Thus, fent
hypotension. The risk for hypotension increases irdopam may be superior to sodium nitroprusside
patients with evidence of renal hypertension, vol-the control of hypertensive crisis in patients wit
ume depleted patients and patients with prior uselecreased renal function. Gretler et?8l.com-
of diuretics. Enalaprilat is contraindicated in pa-pared the ECG changes in 21 patients with hyp
tients with evidence of bilateral renal artery steno-tensive emergencies treated with either fenc
sis or in patients with unilateral stenosis of a singledopam or sodium nitroprusside. Both drug
kidney!3¥ Thus, enalaprilat is an effective antihy- reduced BP significantly in all patients. New T
pertensive agent in acute situatiéf#sand can be wave inversion occurred in 2 patients treated wi
easily replaced by oral enalapril for long term fenoldopam and in 4 patients treated with sodiu

maintenance therapy. nitroprusside. It seems that fenoldopam is comg
rable to sodium nitroprusside and can be used
3.12 Fenoldopam hypertensive emergency.

Fenoldopam is a selective post-synaptic dopa- 3.13 Diuretics and Other Agents

minergic (DA, receptor agonist with weake- In addition to an antihypertensive agent, a p

L 149] : -
antagonistic propertié&l Fenoldopam is a natri tent diuretic, usually furosemide, can be given intr

uretic agent that has a potent vasodilative action L
. S 7). venously. However, the use of diuretics is somewl
affecting, primarily, the renal vasculatut:

- . controversial since most patients with hypertensive ¢
Several clinical trials recently showed the ~. .
: ) : sis are characterised by a contracted plasrhane.
effectiveness of intravenous fenoldopam in the

treatment of severe hypertension and hypertensiVHowever, even if not given initially, a diuretic will

crisis[1920.74.75] Bodmann et afs! studied the ﬁkely br_e needed _after other a_ntlhyperte_nswes é

. . used, since reactive renal sodium retention usue
haemodynamic effects of intravenous fenoldopam ; .
. : ) : . accompanies a fall in pressure and may blunt t
in 12 patients with hypertensive crises. At a dose

of 0.2 to 0.5ug/kg/min, fenoldopam decreased BP e_fflca_cy of nondiuretic agent_s: Of no_te, i _the P
. - . . tient is volume-depleted additional diuresis cou
to desired levels within 5 to 40 minutes in all pa-

tients. Haemodynamically the drug induced a de—be harmful S
A number of other agents were tried in hype

crease in total peripheral resistance and in pulmo-_ " . . )
; i X .~ . tensive crises including methyldopa, propranolc
nary vascular resistance with a slight elevation in ; -
reserpine and guanethidine. However, those drt
heart rate. No adverse events were reported and in
) . : ave largely been replaced by newer agents ¢
none of the patients did rebound hypertension oc- .
L probably have no role in the current treatment
cur upon termination of the drug. In another open . .
. S hypertensive crises.
controlled, randomised, parallel trial, intravenous
fenoldopam was compared with sodium nitro-
prusside in 18 patients with severe hypertension
and mild renal failurét® Both antihypertensive
medications were infused at a maximal dose incre- A multiplicity of disorders or diseases accon
ment of 0.2 pg/kg/min (fenoldopam) and 1 pany the elevated BP that constitutes a hypert

pg/kg/min (sodium nitroprusside) with a maximal sive crisis and there is a broad spectrum of pharr

4. Treatment of Specific
Hypertensive Emergencies
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cological agents that may be selected for treatmerterion to confirm a diagnosis of hypertensive el
of these conditions. Some agents that are useful farephalopathy is a prompt improvement in the p
1 hypertensive emergency may actually be contratient’s condition in response to antihypertensiv
indicated for anothéf8 The recommended thera- therapyl’”! First choice drugs for this condition in-
peutic approach for specific conditions is clude intravenous sodium nitroprusside, labetalc
summarised in table IV. urapidil or nicardipine.

4.1 Hypertensive Encephalopathy 4.2 Cerebrovascular Accidents

When mean arterial pressure reaches a critical 4.2.1 Intracerebral Haemorrhage

level (around 180mm Hg) the previously con- As a result of intracerebral haemorrhage, i
stricted vessels are unable to withstand the predracerebral pressure rises and higher intra-arter
sure, counterregulation fails and generalised vasgaressure is required to perfuse the brain adequat
dilatation ensues. Such a breakthrough of cerebrah this condition, hypertension may be a result ¢
blood flow (CBF) leads to hyperperfusion of the increased intracerebral pressure and may reso
brain under high pressure and results in cerebradpontaneously within 48 houl’€] Rapid reduction

oedema and the clinical syndrome of hypertensivén BP may indeed prevent further bleeding, but .
encephalopath§f! This scenario occurs at a much the risk of cerebral hypoperfusid.Iin a recent

higher BP in patients with chronic hypertensionretrospective study, Dandapani et’8l.compared

than in previously normotensive persons. If un-the morbidity and mortality outcome of patient
treated, the clinical picture progressively worsenswith intracerebral haemorrhage according to the
culminating in coma and death. Hypertensive eninitial BP and the control of BP during the first 2
cephalopathy is often indistinguishable from otherto 6 hours of presentation. They demonstrated
acute neurological complications of hypertension,improved outcome in those patients who had
i.e. cerebral infarction, subarachnoidal bleeding oiinitial mean arterial pressure lower than 145mi
intracerebral haemorrhage. The only definite cri-Hg and in those who had their mean arterial pre

Table IV. Preferred agents for specific hypertensive emergencies

Comments

Emergency condition

Preferred agent

Hypertensive encephalopathy
Cerebrovascular accident

Dissecting aortic aneurysm

Acute left ventricular failure

Coronary insufficiency
Perioperative hypertension
Eclampsia

Catecholamine excess
Renal insufficiency

Sodium nitroprusside, labetalol, nicardipine,
urapidil

Sodium nitroprusside, labetalol, urapidil,
esmolol, nimodipine

Sodium nitroprusside with a B-blocker
(propranolol or esmolol), labetalol,
trimetaphan camsilate, urapidil

Sodium nitroprusside, nitroglycerin (glyceryl
trinitrate), enalaprilat, urapidil, furosemide
(frusemide), morphine

Nitroglycerin, sodium nitroprusside,
labetalol, nicardipine, esmolol

Sodium nitroprusside, nitroglycerin,
labetalol, isradipine, nicardipine
Hydralazine, labetalol, urapidil

Phentolamine, labetalol

Hydralazine, labetalol, fenoldopam,
nicardipine

Avoid methyldopa and diazoxide

Benefit from acute lowering of BP is
uncertain

Titrate BP to the lowest possible level. Avoid
hydralazine, diazoxide

Avoid labetalol, esmolol, diazoxide,
hydralazine

BP should be reduced gradually. Avoid
hydralazine, diazoxide

Nitroglycerin is preferred in managing
postcoronary bypass hypertension

Avoid diuretics, trimetaphan camsilate,
sodium nitroprusside, ACE inhibitors

Avoid diuretics
Avoid B-blockers

BP = blood pressure.
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sure controlled below 125mm Hg. This retrospec-is >230/120mm Hg and persists for more than '
tive study may suggest that markedly elevated BRninutes, intravenous treatment is recommende
may adversely affect the prognosis in hypertensivelhe target BP should be 160 to 170/95 to 100n
patients with intracerebral haemorrhage. NevertheHg for previously normotensive patients and 1¢
less, there is no consensus with regard to the advise 185/105 to 110mm Hg for previously hyperter
ability of reducing BP in these patief?3.In any  sive patients. Although Brott and R&®#d sug-

event, the reduction should not exceed 20% of pregested a treatment regimen in acute stroke baset
treatment BP levél?! If BP is extremely elevated level of the BP, Powelf§! pointed out that the ben-
(diastolic pressure >140mm Hg) and lasts longeefits to be derived from acutely lowering BP i
than 20 minutes, intravenous treatment is recompatients with acute stroke of any kind remain co
mended®® Preferred drugs for this condition in- jectural and unsupported by good clinical or expe
clude intravenous sodium nitroprusside, labetaloimental studies. Sodium nitroprusside and nicart
or urapidil. Recently it was reported that nimodip- pine are the agents of choice whenever the BP is
ine has improved the outcome of patients with anbe reduced for patients with acute ischaen

eurysmal subarachnoid haemorrhége. strokel®4 Nimodipine is being investigated in this
condition with equivocal results so far. Gelmers
4.2.2 Acute Ischaemic Stroke al 8% reported improved survival for men but nc

Cerebral infarction causes an impairment in thewomen, and a better neurological outcome in
autoregulation of CBF; therefore, elevated BP will tients treated with nimodipine compared with tho:
accentuate perfusion through the damaged tissugjiven a placebo. Martinez-Vila et@f! reported no
leading to oedema and compression of normabenefit on survival or neurological outcome exce
brain tissue. This provides evidence for carefullyfor those patients who had mild deficits at the o
reducing BP in hypertensive patients with str6ke. set, who did seem to achieve greater recovery
Conversely, because of local vasoconstrictionthe nimodipine group.
high arterial BP is required to perfuse jeopardised
brain tissue around the infarcted area. This pro-
vides evidence against reducing BP in acute isch-
aemic stroke. Moreover, chronic hypertension and Most patients with acute aortic dissection wk
cerebral vascular disease move the autoregulatiotio not receive treatment die within 1 year, and mc
curve of CBF to the right so that a decrease in CBFof the deaths occur within 2 week8.Once diag-
occurs at a higher BP level than in normal individ-nosis is suspected attempts should be made to
uals. Therefore, cerebral hypoperfusion may apcrease the shear stress to the aortic wall with si
pear at levels of BP that are still above the uppeable agent§’! BP should be reduced within 15 t
limit of normal. Patients with an acute ischaemic30 minutes to the lowest tolerated level that pr
stroke demonstrate elevated BP levels on admisserves adequate organ perfusidri?l It has to be
sion to the hospital. However, a spontaneous dekept in mind that the force and velocity of ventric
crease in BP is usually observed within the first 4ular contractions and pulsatile flow determine tt
days after the evefft!l Moreover, no beneficial ef- shear stress on the aortic wéfl. Drugs such as
fect has been demonstrated by short term loweringiazoxide, hydralazine and nifedipine, which re
of BP in patients with acute ischaemic stroke. Onflexively stimulate sympathetic activity and in
the contrary, Rordorf et &I recently showed that crease the shear stress on the aortic wall are c
a subset of patients, particularly those with multi-traindicated. Initial treatment should consist of
ple stenosis of cerebral arteries, may improve neueombination of intravenous sodium nitroprussic
rologically upon elevation of the BP. and an intravenouB-blocking agent, most com-

Brott and Ree@® recommended no antihyper- monly propranolol. Used alone, sodium nitrc
tensive treatment if BP is <180/105mm Hg. If BP prusside increases the velocity of ventricular co

4.3 Acute Aortic Dissection
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traction so that simultaneosblockade is oblig- tients with acute myocardial infarction is likely tc

atory/34l be beneficial. Conversely, unnecessary reducti
_ _ in BP could compromise an already unstable sit
4.4 Acute Left Ventricular Failure ation[””1 and therefore BP should be reduced gra

Severe hypertension may precipitate acute lefpially until symptoms subside or until the diastoli
ventricular failuré?” Prompt reduction of BP de- BP is approximately 100mm HY. Rapid re-
creases the work load of the failing myocardiumduction of BP with any drug may cause EC(
and improves cardiac functidfi] Immediate de- change$?*#9 These changes, observed during ir
crease of afterload with a balanced vasodilatingusion of sodium nitroprussiéé! and after oral ni-
agent such as sodium nitroprusside is indicated ifiedipinel®® are usually not accompanied by lef
this circumstanc® Nitroglycerin is a reasonable ventricular wall motion abnormalities.
alternative that has less afterload reducing capabil- Initial treatment of patients with angina pectori
ity, but may increase myocardial blood flow to is- and severe hypertension includes sublingual nitr
chaemic areas in patients with acute myocardialycerin and morphine, followed by intravenou:
ischaemia. As urapidil has no influence on heartitroglycerin if treatment is not successful. Nifed
rate and myocardial oxygen consumption, it is gjpine should not be used in this crisis, as it caus
potential alternative to sodium nitroprusside andg reflex tachycardia, increases myocardial 0xygs

nitroglycerin if BP is insufficiently reduced. 4omand and may aggravate myocardial isc
Concomitant therapy with oxygen, diuretics or OP- 4 amial90]

ioids may enhance efficacy of antihypertensive
agentd34 Although the ACE inhibitors may be
useful in this situatiof8] there is a paucity of clin-
ical experience concerning the therapeutic re-

sponse to ACE inhibition in patients with acute left :
not an emergency in the usual sense, but parent

ventricular failurd?”] Drugs causing reflex tachy- agents are frequently used to control BP beca
cardia (diazoxide, hydralazine) or decreasing myo- 9 quently u :

cardial contractility (labetalol) should be avoided patients are unable to receive medications oral

4.6 Perioperative Hypertension

Most of the time, perioperative hypertension i

in this setting4 Severe hyperte_nsion may occur in_some patients
the postoperative period, especially after ope
4.5 Ischaemic Heart Disease heart and carotid artery surgery. The aetiology

) ] ] . this severe hypertension is multifactorial — with
Reduction of systemic BP by intravenous nitro- 4 awal of antihypertensive drugs, pain, volum

glycerin dreduc%s czrg:ac \f/vorkr,] Watl)l tensm;}; agdoverload and sympathetic activati@fl.In this set-
oxygen demand and theretore has became the dr 919, hypertension, even of moderate severity, m

of choice for this crisig®! Flaherty® found that jeopardise the integrity of the fresh vascular sutu
infarct size was limited and IeftventricularejectionJ. P gnty o . .
lines. Therapy should be individualised, and i

fraction was higher in a group of patients receiving L ) ) X |
intravenous nitroglycerin shortly after the onset ofSOMe situations |mmec_i|at¢ lowering qf thg BP
myocardial infarction than in a control group. Warranted’” Hypotension is to be avoided in pa
However, there was no statistically significant dif- iénts who have fresh vascular suture lines becat
ference in 3 month mortality between the groups!he danger of thrombosi! Sodium nitroprusside
Intravenous vasodilators, mainly sodiunitro- IS usually the agent of choice, provided the patie
prusside and nitroglycerin, have been tested in 11S in an intensive care environment. Nitroglyceri
trials involving 2170 patients with acute myocar- administered intravenously may be the drug «
dial infarction and have reduced mortality by choice for managing postcoronary bypass hype
43%[88] Cautious treatment of hypertension in pa-tensionl27]
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4.7 Eclampsia 4.9 Renal Insufficiency

Pre-ec]ampsia occurring in pregnancy is a syn- Deterioration of renal function in the face of el
drome of hypertension, oedema and proteinuria€vated BP is considered a hypertensive emerge
Some of these patients may progress to eclampsi@nd requires lowering of the B®! Therapy should
which is associated with seizures and end-orgafieduce systemic vascular resistance without co
damage (cerebral haemorrhage, renal failure ang@romising the renal blood flow or glomerular filtra
microangiopathic haemolytic anaemi). tion.[!] Sodium nitroprusside is effective in thes

The important part of safe treatment is to controlc@ses, but because the risk of thiocyanate toxic
hypertension, keeping in mind the risk that reduc-s increased, dose adjustment and close monitor
ing BP may further impair placental blood flow. ~ ©Of thiocyanate levels are needed. Labetalol, ¢

Hydralazine administered intravenously hasCium antagonists and fenoldopam are effective
been the drug of choice in recent years when diasvell tolerated alternatived. p-Blockers reduce the
tolic BP is over 115mm Hg or when eclampsia su-€nal plasma flow and the gIomgruIar fiIFratign ra
pervenes; it is effective and does not decrease p@md should Fherefore be used with caution, if at e
cental blood flow. Labetalol, urapidil or calcium in these patients.
antagonists are possible alternative therapeutic ap-
proaches if hydralazine is ineffecti{?:3461 Dj- 5. Oral Agents for Hypertensive Urgency

uretics, trimetaphan camsilate, sodium nitropruss- During the last 15 years the treatment focus f

ide and ACE inhibitors should be avoided. If j,, onensive crises has moved toward the use
seizures are imminent or occur, magnesium sulfate 2 5 sents

should be administered parenterally. The ideal oral drug to treat a hypertensive cric

should be one that has a rapid and smooth onse
4.8 Excessive Circulating Catecholamines action, few adverse effects, does not cause exc

sive hypotension, is convenient to monitor and ¢

Catecholamine-induced crises are characterisege easily converted to a maintenance thef@by.
by a sudden increase in predominamnthadrener- The fifth Joint National Committee (JNC V)

gic tone. Plasma catecholamine levels are elevateﬁecommends the use of captopril, clonidine, labs
in phaeochromocytoma, in rebound hypertension, | anq nifedipine for the treatment of hyperter
following clonidine withdrawal, in hypertension ; urgency and emergeridyHowever, the use
associated with ingestion of sympathomimetics ¢ .o agents should be limited to hypertensi

(cocaine hydrochloride, amphetamines, phencyygency as clearly recommended by the Sixth Jo
clidine hydrochloride, lysergic acid diethylamide National Committee (JNC V54!

and weight-loss drugs, and in the drug interaction
of monoamine oxidase inhibitors with tyramine

rich-food (e.g. certain beers, cheese, wine and
chicken liver)®2l When this condition is sus- Captopril, an ACE inhibitor, was initially stud-
pected, then—adrenergic blocking drug phentol- ied for the treatment of hypertensive crisis in a fe
amine should be given. An alternative to phentol-small, uncontrolled studies using a dose of 25r
amine would be labetalol or sodium nitroprussidesublingually®4-96] Sublingual captopril is well tol-
with B-blockers. A3-blocking drug may be needed erated and effective in reducing BP, the onset
if the patient has a concomitant tachycardia or venaction occurs within 5 to 10 minutes, reaching
tricular ectopy. Administration @-blocking agent maximum within 30 minutes and lasting for at lea
should always be preceded tyblockade to pre- 2 hours. Following oral administration of captopr
vent unopposedi-mediated peripheral vasocon- on an empty stomach, maximal BP reduction is ¢
striction[%77] served within 30 to 90 minuté®! Di Veroli and

5.1 Captopril

00 Adis International Limited. All rights reserved. Drug Safety 1998 Aug; 19 (2)



Tolerability of Hypertensive Crisis Treatments 113

PastorellP?! compared orally sublingual captopril dilatation. Some patients may experience sym
with standard oral captopril. Patients with hyper-toms of hypotension and flushiti§4 Despite its
tensive emergency were given captopril 50mg ei-so called’ efficacy and safety, sublingual nifedi
ther sublingually (n = 26) or orally (n = 14). In the pine has not been approved by the US Food a
sublingual group BP was reduced after 60 minute®rug Administration for use in hypertensive emel
from 196/112 to 154/90mm Hg with a responsegency because lack of scientific validation of th
rate of 84%, whereas in the standard oral group BRdvantageous use of the drug in hypertensive em
was reduced from 197/110 to only 182/99mm Hggency.
with a response rate of 57%. Nifedipine also has been associated with son

The antihypertensive response is usually not exsevere adverse affects, including retinal ischaem
cessive unless the patient is volume depleted. Paerebral vascular accidents and myocardial isc
tients with renal artery stenosis may experienceaemia and infarctiol§%-155-1641|n 1 study, out of
sudden severe deterioration of renal function. Un100 patients with hypertensive crisis who wer
desirable effects are rash and precipitous fall in BRreated with sublingual nifedipine, 1 patient ha
in patients with suspected high renin levédsin  pulmonary oedema, 7 patients had transient isc
general, comparative trials have observed feweaemic attack and all had facial flushitef! Rapid
adverse effects with captopril than with nifedipine uncontrolled pressure reduction may be harmf
administration (table V). Most studies concludedbecause it precipitates acute ischaemic stroke
that captopril should be considered as a first linemyocardial infarction. This has been emphasis
therapy in the acute management of hypertensiveecently with regard to the short-acting nifedi
crisis[97.99-102,107However, as no outcome data are pinel'55 Therefore, the use of nifedipine capsule
available attesting to benefits of captopril in thisfor hypertensive crisis should be abandoned.
clinical situation.

5.2.2 Nitrendipine

5.2 Calcium Antagonists Nitrendipine is a dihydropyridine calcium an-
tagonist which differs from nifedipine by having ¢
5.2.1 Nifedipine particularly high affinity for vascular smooth mus

Nifedipine is a dihydropyridine calcium antag- cle so that at therapeutic doses it produces mar}
onist that lowers BP by peripheral vasodilatationvasodilatation with negligible negative cardiac e
with only mild negative inotropic and chronotropic fects. In its liquid form its efficacy is the same a
effects. The advantages of nifedipine use are rapidifedipinel’®! In a multicentre randomised, dou:
onset of action and lack of CNS depression. Nifedble-blind study sublingual nitrendipine 5mg wa
ipine is the most extensively studied agent for rapiccompared with nifedipine 10mg in 141 patient
control of BP and until recently was used for acutewith hypertensive crisis. BP reduction was ok
BP lowering in hospitalised patierifd.108-146]af-  served 10 minutes after nitrendipine administr:
ter sublingual administration, the onset of action istion and reached a maximum level within 45 mir
within 1 to 5 minutes with a maximal effect at 20 utes. The response rate (i.e. BP decreased to be
to 30 minuteg$!15.147-150IThe puccal absorption of 200/100mm Hg) was 75% within 45 minutes an
nifedipine is minimal51-153land faster absorption 91% 4 hours after initiating treatméft>! No se-
and higher maximum concentrations were ob-vere adverse effects were observed in this study
served following the bite and swallow method In another multicentre study, 114 patients wit
when compared with other methods of administra-hypertensive emergency were treated with 5mg s
tion.[151 The duration of action of a single dose of lution of nitrendipine. At 45 minutes, target arteria
nifedipine is about 3 to 5 houtd5 The most com- pressure of 160/100mm Hg or a reduction ¢
mon adverse effect associated with nifedipine i20/15mm Hg had been obtained in 82% of the p
reflex tachycardia secondary to pronounced vasctients. After 45 minutes, 37 patients needed a se
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Table V. Comparative studies of oral antihypertensive agents in hypertensive crisis

Reference Drug/route No. pt Age Clinical Initial dose  Time to Initial Decrease  Response  No. of patients Type of adverse effects
(y) condition (mg) response MAP in MAP (%) rate (%) experiencing an
(min) (mm Hg) adverse effect
Angeli et al.[%8] Nifedipine SL 10 53 Emerg 10 50 188 22 80 3 Headache, flushing
Captopril SL 10 61 Emerg 25 50 178 22 90 0
Pascale et al.[®% Nifedipine SL 60 64  Urg+Emerg 10 30 154 21 NA 12 Mainly headache
Captopril SL 20 64 Urg + Emerg 50 30 158 21 NA 0
Clonidine IM 20 60 Urg + Emerg 0.15 30 160 19 NA 0
Furosemide 20 75 Urg + Emerg 40 30 158 17 NA 0
(frusemide) IV
Komsuoglu et Nifedipine SL 23 62 Urg 20 45 170 30 91 14 Flushing, headache,
al.[100] palpitations, drowsiness
Captopril PO 20 62 Urg 25 60 171 30 90 2 Dry mouth, vertigo,
Nicardipine PO 22 62 Urg 20 60 168 31 95 4 Headache
Pastorelli et al.l191]  Nifedipine SL 16 71 Emerg 10 20 135 12 80 8 Flushing, headache,
hypotension
Captopril SL 27 71 Emerg 50 20 142 14 85 0
Captopril PO 14 71 Emerg 50 20 140 6 NA 0
KetanserinSL 15 71 Emerg NA 20 138 6 NA 1 Headache
Placebo PO 20 71 Emerg NA 20 137 5 0 0
Ceyhan et al.l192  Nifedipine SL 24 58 Emerg 10 45 151 27 NA 6 Flushing, headache,
tachycardia
Captopril SL 28 54 Emerg 25 45 150 17 NA 0
Just et al.[103] Nifedipine PO 35 48 Urg 10 44 151 24 100 1 Hypotension
Clonidine PO 32 54 Urg 0.1 77 149 21 100 NA
Panlilio et al.l104] Nifedipine SL 30 51 Urg 10 45 140 21 93 3 Headache
Clonidine SL 30 51 Urg 0.3 45 147 19 83 7 Drowsiness, headache,
weakness
McDonald et al.l51  Nifedipine PO 10 48 Urg 10 30 151 20 100 1 Dizziness
Labetalol PO 10 46 Urg 200 30 150 21 80 0
Bussmann et al.3% Nifedipine SL 20 70 Urg + Emerg  10-20 5 149 13 95 4 Dizziness, tachycardia,
headache
Nitroglycerin 20 70 Urg +Emerg 1.2-24 5 145 17 85 2 Headache, nausea
(glyceryl
trinitrate) SL
Rohr et al.[105] Nifedipine SL 73 60 Urg 10 45 150 21 78 4 Vomiting, palpitations,
incontinence
Nitrendipine SL 68 59 Urg 5 45 150 19 78 2 Flushing, incontinence
Savi et al.[108] Nifedipine SL 12 49 Urg 10 35 145 16 NA 5 Headache, flushing
Nicardipine SL 12 49 Urg 20 35 145 19 NA 0

Emerg = emergency; IM = intramuscular; IV = intravenous; MAP = mean arterial pressure; NA = not available; PO = oral; SL = sublingual; Urg = urgency.
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ond dose. 23 patients experienced adverse effectpatients with hypertensive crisis, isradipine we
including one with hypotension and one with ECG given sublingually at a dose of 1.25 to 5mg. Th
changes!®s Thus, it seems that like nifedipine, onset of action occurred approximately 30 minute
sublingual nitrendipine should not be used in hy-after administration and reached its maximum e
pertensive emergencies. fect within 2 hours of administration. Mean arteriz
pressure decreased from 153 4.3 to 120+

2.3mm Hg 60 minutes after administration and |
118+ 2.1mm Hg at 2 hours after administratior
There was no difference in maximal BP reductic
throughout the dosage range, although high

T . : doses produced a more rapid fall in BP than low

was compared with nifedipine in patients with hy-
. . . o dosed!68l

pertensive urgencid¥! Nicardipine appeared to
be better tolerated and produced a slower and more
prolonged decrease in BP than nifedipine. This dif-
ference in effect may have been because of incom- Clonidine is a central acting,-adrenergic re-
plete dissolution and subsequent absorption of theeptor agonist that reduces BP by decreasing ce
nicardipine tablet. In a multicentre, randomised,bral sympathetic outflow. Its onset of action is 3
double-blind, parallel, placebo-controlled trial, 53 to 60 minutes after administration and its maxim
patients with hypertensive urgency were assigne@ffect is achieved within 1 to 4 hours and lasts f
to receive orally either nicardipine 30mg or pla- 6 to 8 hours. A well accepted method of clonidin
cebo. Diastolic pressure decreased by 2.2 administration for hypertensive crisis is by an or:
11.7mm Hg in the nicardipine group and only by loading regimen involving an initial dose of 0.1 tc
8.5+ 10.9mm Hg in the placebo group (p < 0.2mg that may be repeated as needed. Howe\
0.0001). Adequate BP response was observed idoses higher than 0.4mg have little addition:
65% of the 26 patients treated with nicardipinebenefit in patients whose hypertension does n
30mg and only in 22% of the 27 patients givenrespond to lower dosé¥® Most studies report
placebo (p = 0.002). Of the 21 patients given plaan average response rate of approximate
cebo who did not have an adequate BP respons80%!103170.171IThe drug should not be used in pa
16 (76%) had adequate BP reduction after 1 opertients with altered mental status, because of |
label dose of nicardipine 30mg. Adverse eventscommon adverse effect of drowsiné$8:172.173]|n
were reported in 3 patients given nicardipine andaddition, clonidine can cause a significant decrea
4 patients given placebo. Asymptomatic hypotenin CBF[?4 One case of death from a progressiv
sion was noted in 3 patients, 2 in the nicardipinecerebral infarct following the administration of cu:
group and 1 in the placebo group and 1 patientmulative clonidine dose of 0.4mg has been r
treated with nicardipine reported anxiety, head-ported273] Other complications associated witl
ache, tachycardia and chest p&f§l During 1  clonidine include dry mouth, occasional dizzines
week of follow-up, minor adverse events were re-and the development of a hypertensive crisis up
ported in the nicardipine group. Compared withabrupt discontinuation of therapy* Because of
nifedipine, it seems that oral nicardipine is as ef-its unpleasant adverse effects and its pharmaco
fective and is safer for the initial treatment of ur- netics the popularity of this drug is declining.
gent hypertension.

5.2.3 Nicardipine

Nicardipine is a second generation dihydro-
pyridine calcium antagonist that, unlike nifedi-
pine, causes little, if any, increase in heart
rate[106.166.1671|n 1 study, sublingual nicardipine

5.3 Clonidine

5.4 Labetalol
5.2.4 Isradipine

Isradipine, which is similar in structure to nifed-  Labetalol is a unique antihypertensive agel
ipine, has been evaluated in several studies as that competitively inhibits botli- and-adrener-
treatment for hypertensive crisis. In 27 ambulatorygic receptor$34 Thea-blocking properties domi-
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nate in the treatment of patients with hypertensivesive urgency has not been well studf@tThese
crises. Labetalol reduces systemic vascular resigdrugs therefore have little if any role in the trea
tance and BP without inducing reflex tachycardiament of this condition.

or change in cardiac output. Gonzalez ef7al.

conducted a dose-response study with labetalol in g Optimal Treatment of

36 patients. The maximal BP lowering effect was  Hypertensive Urgency

seen at 2 hours and BP control was maintained for

4 hours. An oral dose of 200mg labetalol was found The optimal approach in patients with hyperte
to be the most appropriate to maximise efficacy andive urgency is to lower the BP more gradually ov
tolerability/175] However, several other investiga- 24 to 48 hours. This therapeutic approach requi
tors used total doses as high as 500 to 1200mg @ close follow-up of the patient in the first day
achieve BP contrd?1:176] The initial dose should after the acute event. When the cause of transi
be 200mg followed by hourly 200mg to a maximal BP elevations is easily identified, such as pain
total dose of 1200mg. The response rate in patien@cute anxiety (as in panic disordés}el the ap-
with hypertensive urgency is 80 to 94%52.1761  propriate therapy is analgesic or anxiolytic mec
Because of its pharmacology, labetalol should notation. When the cause of BP elevation is u
be used in patients with chronic obstructive lungknown, various oral antihypertensive agents &
disease, congestive heart failure, atrioventriculaavailable. There are some reports attesting to |
block or bradycardia. Adverse effects include hy-safety of intravenous drugs like labetalol or ur:
potension, dizziness, headache, nausea, vomitingidil in this setting>3-5%lbut this mode of treatment

and flushing®1.175.177] is not recommended. In the absence of any d
comparing long term outcome with the variou
5.5 Prazosin agents the choice of therapy should be based

o . . efficacy and safety data.

Prazosin is a peripheral;-adrenergic antago- he effi f th . | in

nist which is effective for hypertensive urgencies _. The efficacy of the various ora antihyperter
sive agents seems to be similar (tabld>%}}.98-106]

associated with increased circulating CateChOIaénd it has ranged in controlled trials from betwet

T Pt tht B nras r;%to 989% for nifedipine, 79 to 100% for clonidine
yp gency 90 to 95 % for captopril, 68 to 94 % for labetalo

duced dramatically at 3 to 4 hours following asin-eco 10 91% for nicardipine, 66% to 82%% fc

gle dose of prazosin (mean 5.4 mid]] Patients nitrendipine and 85% for nitroglycerin. Acute low
responded less dramatically to subsequent prazosg}ing of BP may compromise cardiac and cereb
doses. AQverse effec.ts mcIudgd syncope caused.bglood flow, especially in the elderly and therefor
orthostatic hypotension, palpitations, tachycardia av be associated with serious adverse .
and headache. To date, despite the lack of control- y [89,156-164] .
. : . ects! We have recently published a re
led studies that examine prazosin for treatment of . . .
; g . . view of serious adverse effects following oral c
hypertensive crisis, the drug is often listed as an

oral antihypertensive agent for treating hyperten_subllngual administration of nifedipine capsule i

. i3] hypertensive emergencies and pseudoemerge
sive urgencie&3! However, we do not recommend . [154] (> ! X

; ST ies!t>4 Given the potential seriousness of adver
its use for this indication.

events and the lack of any clinical documentatic
attesting to a benefit in rapid lowering BP, nifed
pine capsules and any drug that lower BP acuti
The efficacy of other oral agents including to unpredictable levels should not be used in
methyldopa, phenoxybenzamine, losartan potaspertensive crisis. Of note oral agents should
sium, valsartan and direct acting vasodilators suclused only in hypertensive urgency, and not em
as minoxidil and hydralazine, in treating hyperten-gency, and in hypertensive urgency a slower redt

5.6 Other Oral Agents
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tion of BP over a period of hours to several days is1ous labetalol or sodium nitroprusside. In this sul
more appropriaté] group no neurological impairments were ok
It is important not to be too aggressive in low- served?!! Unfortunately, as in adults, a precis
ering BP and to use the right agent for the rightdetermination of what approach is safest f
condition. When considering the appropriateachieving BP reduction has not been establishe
agent, the mechanism of action and the profile ointravenous treatment is often preferable becau
adverse effects should be taken into consideratiorof greater ease in titrating BP.
Nifedipine and to lesser degree captopril tend to In the absence of specific contraindications
increase heart rate and clonidine and labetalol tendontinuous infusion of nicardipine or sodiun
to decrease it. This is particularly important in pa-nitroprusside is preferable. Intravenous labetal
tients with ischaemic heart disease. Other limita-as a bolus injection followed by continuous infu
tions are the use of labetalol in patients with bron-ssion, also may be used. Oral agents should be
chospasm and bradycardia and second and thirserved for circumstances in which symptoms «
degree heart blocks. Clonidine should be avoide@nd organ toxicity are mild or absék®! Children
if mental acuity is desired. Captopril should not behave a more active renin-angiotensin system th
used in patients with bilateral renal artery stenosisdults and a higher incidence of renal artery ster
or unilateral renal artery stenosis of a solitary kid-sis as a cause of severe hypertension. Therefc
ney. All agents should be used carefully in volumeACE inhibitors should be not be used as long as't

depleted patients. underlying cause for the hypertension is unknow
7. Treatment of Specific Populations 7.2 Hypertension in the Elderly

o _ In general, older persons have a lower bloc

7.1 Hypertension in Childhood volume, lower plasma renin activity and increase

. . [ istaiiéél

Hypertensive emergencies are rare events dwgenpheral _vas_cular resistancs that aff(_act the

ing childhood. Diseases most likely to resultin h _pharmacokinetics of some antihypertensive agen
9 : y Y With age, the decrease in glomerular filtration ra

pertensive emergencies involve the kidney. EX_and blunted baroreceptor reflexes increase the r
tremely high BP levels can be seen in patients with plort . .
of overdose and orthostatic hypotension. If supit

renal artery ;_tenosis, acu_te poststreptococal g'loﬁypertension is treated too vigorously, older p
merulonephritis or systemic lupus erythematosustients may experience presyncope or ’actual 8

Extremely high BP may be seen in infants with . ) : ) |
autosomal recessive polycystic kidney disease. ExZOPE- The increase in systolic BP assomgted W
trarenal causes such as phaeochromocytoma aric?e IS actu_ally cagsed. by an.aFr_]eroscIerptlc—reI_ai
neuroblastoma are less frequent. As in adults, thgcerease in aortic distensibility. In this settin

small changes in stroke volume can result |
absolute BP values cannot be used as the only dé- 9

terminant of whether a child is experiencing a hy_greater changes in systolic BP. Rapid reduction

pertensive emergen&9 In 1 study as many as BP is especially dangerous in elderly patients a

24% of children presenting to the emergency roomc?nnacazqseog:rn dsilaelnti :ﬁ;?;?g‘qm:rt]ﬁmzshigggﬁs’
with hypertension required emergency manage—g . MYy y '

mentl2l] Of this group, 57 patients were treatedTherefore, low doses of antihypertensive ager
with intravenous hydralazine or diazoxide to re—ShOUId be used.

duce BP within the first 12 to 24 hours. This man-

agement was associated with irreversible neuro-

logical deficits in four out of the 57 patients. Ina  Hypertensive emergencies are relatively ral
second subgroup of 53 patients, BP was reducednd are said to be present only when BP elevati
more gradually over 96 hours with either intrave-confers an immediate threat to the integrity of tt

8. Conclusions
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cardiovascular system. In this setting immediate 12-

reduction in BP is required, usually by intravenous

therapy in an intensive care unit. Unlike a hyper- 13.

tensive emergency, a hypertensive urgency is said

to be present when severe BP elevation is not assor,.

ciated with end-organ injury. Outcome data attest-
ing to benefits of acutely lowering BP in this con-
dition are not available.

Clearly, patients with hypertensive crises are
not good candidates for prospective, randomised
trials. The accepted approach for patients with hy-

pertensive urgency is to lower the BP more grad-1":

ually over 24 to 48 hours with oral antihypertensive
agents. Any drug that lowers BP precipitously
should be avoided. The efficacy of nifedipine,
captopril, clonidine, labetalol, nicardipine, nitren-

dipine and nitroglycerin seems to be similar. 19

Choice of the appropriate agent should be based on

the underlying pathophysiological and clinical 2o0.

findings, mechanism of action and the potential ad-
verse effects.

21.

22.
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