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Review

Management of Hypertensive Crises:
The Scientific Basis for Treatment Decisions

Jon D. Blumenfeld and John H. Laragh

The spectrum of disorders associated with an elevated
blood pressure (BP) encompasses chronic uncomplicated
hypertension and the hypertensive crises, including hyper-
tensive urgencies and emergencies. Although these syn-
dromes vary widely in their presentations, clinical courses,
and outcomes they share pathophysiologic mechanisms
and, consequently, therapeutic responses to specifically
targeted antihypertensive drug types. Nevertheless, hyper-
tensive crises are often treated with drugs which, in that
setting are either unsafe or are of unsubstantiated efficacy.
The purpose of this review is to examine the pathophysi-
ology of commonly encountered hypertensive crises, in-
cluding stroke, hypertensive encephalopathy, aortic dis-
section, acute pulmonary edema, and preeclampsia
eclampsia and to provide a rational approach to their

treatment based upon relevant pathophysiologic and phar-
macologic principles. Measurement of plasma renin activ-
ity (PRA) level often provides insight regarding patho-
physiology and predicts efficacy of antihypertensive
treatments in the individua patient. However, in hyper-
tensive crises, drug therapy is initiated before the PRA
level is known. Neverthel ess, the renin-angiotensin depen-
dence (R-type) or volume dependence (V-type) of hyper-
tension can often be deduced by the BP response to drugs
that interrupt the renin system (R-drugs) or that decrease
body volume (V-drugs). Based upon these considerations,
a treatment algorithm is provided to guide drug selection
in patients presenting with a hypertensive crisis.  AmJ
Hypertens 2001;14:1154-1167 © 2001 American Journal
of Hypertension, Ltd.

clinical situations that have in common an ele-

vated blood pressure (BP) and ongoing or im-
pending target organ damage. Although they occur most
commonly in patients with previously untreated or inade-
quately treated high BP, hypertensive crises are not de-
fined by, nor is their clinical course predicted by the
magnitude of BP eevation.*> Furthermore, some widely
used treatments (eg, short-acting nifedipine) are unsafe
and have not been approved by the Food and Drug Ad-
ministration for thisindication.® In addition, little evidence
supports the use of nitroprusside, which is sanctioned as
first-line treatment by The Joint National Committee on
Detection, Evaluation, and Treatment of High Blood Pres-
sure (JNC) and other authorities.*

The purpose of this review is to examine the patho-
physiology of commonly encountered hypertensive crises
and to challenge some widely used, but unsubstantiated,
treatment practices. A new approach for the treatment of
hypertensive crises is discussed that incorporates these
pathophysiologic principles.

H ypertensive crises encompass a wide spectrum of

Definitions and Epidemiology of
Hypertensive Crises

The INC characterizes hypertensive crises as emergencies
or urgencies.* Accordingly, hypertensive emergencies are
those situations that require immediate BP reduction (not
necessarily to the normal range) to prevent or limit target
organ damage. Examples include hypertensive encepha
lopathy, intracranial hemorrhage, unstable angina pectoris,
acute myocardial infarction, acute left ventricular failure
with pulmonary edema, dissecting aortic aneurysm, and
preeclampsia-eclampsia. Hypertensive urgencies are those
situations in which it is desirable to reduce BP within a
few hours. Examples include upper levels of stage 3 hy-
pertension, papilledema, progressive target organ compli-
cations, and severe perioperative hypertension.

Based on these INC definitions, Zampaglione et al®
found that hypertensive crises accounted for more than
25% of all patient visits to a medical section of an emer-
gency department, with hypertensive emergencies ac-
counting for one-third of these cases. Although the BP
level is not considered a criterion for the diagnosis of a
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hypertensive emergency, al patients in that study had
diastolic BP exceeding 120 mm Hg. Central nervous sys-
tem complications were most prevalent, including cerebral
infarction (24.5%), encephalopathy (16.3%), and intrace-
rebral or subarachnoid hemorrhage (4.5%), followed by
cardiovascular (acute heart failure and pulmonary edema
[36.8%)], acute myocardia infarction or unstable angina
[12%], aortic dissection [2%)]), and eclampsia (4.5%).
Altogether, these findings indicate that hypertensive crises
are relatively common events that require rational diag-
nostic and therapeutic strategies.

Pathogenesis

Blood pressure is the product of the cardiac output (CO)
and peripheral vascular resistance (TPR):

(Equation 1)

BP=CO X TPR
= (heart rate X stroke volume) X vasoconstriction

For any increase in BP to occur, an imbaance in this
relationship is required. Thus, either a disproportionate
increase in intravascular volume or peripheral vascular
resistance, or both factors, must be present, reflecting a
disruption of the normal pressure natriuresis relationship.
These fundamental principles apply equally to uncompli-
cated chronic hypertensions and to the hypertensive cri-
SES.G_S

Under normal circumstances, the renin-angiotensin-al-
dosterone system plays a centra role in the regulation of
normal BP homeostasis.® Overproduction of renin by the
kidney stimulates the formation of angiotensin 11, a potent
vasoconstrictor. Consequently, both peripheral vascular
resistance and BP increase. These events operate in many
patients with chronic uncomplicated essential hyperten-
sion. Moreover, in the hypertensive crises, amplification of
renin system activity occurs, leading to vascular injury,
tissue ischemia, and further overproduction of renin-an-
giotensin. This vicious cycle contributes to the pathogen-
esis of hypertensive crises. The pathophysiologic link be-
tween the renin system and hypertensive crises has been
established by demonstrating that this process can be ar-
rested when the renin-angiotensin system is interrupted
either pharmacologically (ie, angiotensin converting en-
zyme [ACE] inhibitor, B-blocker, or type 1 angiotensin
receptor antagonist) or by removal of an ischemic kid-
ney.>~*! Other factorsinduced by excess renin-angiotensin
include proinflammatory cytokines and vascular cell ad-
hesion molecules, which may contribute to the vascular
sequelae and target organ damage.*?

The commonly encountered hypertensive crises can be
stratified according to these pathophysiologic consider-
ations (Table 1). At one end of the spectrum are disorders
in which renin-angiotensin plays a central role in patho-
genesis. These disorders are characterized by plasmarenin
levels (PRA) progressively =0.65 ng/mL/h and are des-
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Table 1. Hypertensive emergencies and urgencies

Disorders with high renin
Malignant hypertension
Other medium to high renin states
Unilateral renovascular hypertension
Renal vasculitis (scleroderma, lupus,
polyarteritis)
Renal trauma
Renin secreting tumors
Adrenergic crises: pheochromocytoma, cocaine
abuse, clonidine or methyl DOPA withdrawal
Probable medium to high renin states: PRA
=0.65 ng/mL/h
Hypertensive encephalopathy
Hypertension with cerebral hemorrhage
Hypertension with (impending) stroke
Hypertension with pulmonary edema
Hypertension with acute myocardial infarction or
with unstable angina
Dissecting aortic aneurysm
Perioperative hypertension
Sodium-volume overload, low renin states:
PRA levels suppressed <0.65 ng/mL/h
Acute tubular necrosis
Acute glomerulonephritis
Urinary tract obstruction
Primary aldosteronsim
Low renin essential hypertension
Preeclampsia/eclampsia (PRA values falls from 6 to
10 range of normal pregnancy, to ~1 ng/mL/h)

DOPA = 3,4-Dihydroxyphenylalanine; PRA = plasma renin activity.

ignated as renin-angiotensin or R type hypertension.*®
Accordingly, they are correctable by agents that suppress
plasma renin and hence angiotensin |1 levels (ie, B-adren-
ergic blockers), that reduce plasma angiotensin Il levels
(ie, ACE inhibitors) or that block angiotensin Il entry to
angiotensin 11 vascular receptors (ie, type 1 angiotensin Il
receptor blockers).® Collectively these are referred to as R
drugs. At the other end of the spectrum are sodium vol-
ume-dependent forms of hypertension, in which plasma
renin-angiotensin is not afactor in pathogenesis. These are
disordersin which the PRA level islow (<0.65 ng/mL/h),
and are designated as volume-dependent or V type hyper-
tension. These V forms of hypertension respond to diuret-
ics, adosterone antagonists, calcium channel blockers, or
a-adrenergic receptor blockers, which are accordingly
designated as V drugs that do not lower BP in R patients.

This classification of hypertensive patientsinto V or R
subgroups according to their plasma renin levels is useful
in the evaluation and treatment of the ambulatory patient
with uncomplicated hypertension, but is somewhat more
limited when applied to the patient with a hypertensive
crisis because the PRA value is not immediately available
to guide initial treatment, but can still be helpful when
returned 24 h later. For this interim period we devised an
algorithm in which the BP response to targeted and rapidly
acting antihypertensive drugs serves as a surrogate for
renin profiling that can be confirmed when the plasma
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FIG. 1. Cerebral autoregulation of blood flow in normotensive subjects and in hypertensive patients. Cerebral blood flow is maintained at a
constant level between mean arterial pressure 70 and 90 mm Hg and in hypertensive patients between 110 and 150 mm Hg. Neurologic
symptoms occur at higher mean arterial pressure in hypertensive patients.

renin test is returned 24 h later. Thus, the BP response, or
lack of a response, to a single drug type administered in
single file order provides immediate key information re-
garding the type (ie, V or R) and the strength of the
hypertensive pressor mechanism. This strategy also facil-
itates the diagnostic evaluation of occult secondary forms
of hypertension that are more prevalent in patients with
hypertensive crises.*

Disorders Associated
With Hypertensive Crises

The traditional strategy for managing hypertensive crises
hinges solely on the rapid reduction in BP. This approach
often fails to consider the possibly different pathophysio-
logic mechanisms and, thus, is of limited efficacy and may
even be detrimental. The following discussions of the
pathophysiology of commonly encountered hypertensive
crises focuses on the relevance of these R or V mecha-
nisms for the selection of appropriate R or V antihyper-
tensive drug treatments.*®

Stroke

Elevations in arterial pressure occur in more than 80% of
pati ents presenting with acute ischemic stroke.*® The high-
est BP levels occur in patients with preexisting hyperten-
sion, even when it has been previoudly treated. However,
the appropriate management of hypertension in the imme-
diate period after acute stroke remains controversial. This
is underscored by the fact that, in acute ischemic stroke,
BP spontaneously declines within 4 days toward prestroke
levels without antihypertensive treatment.*®

Autoregulation of Cerebral Blood Flow A brief re-
view of the autoregulation of cerebral hemodynamics pro-
vides a basis for understanding the impact of antihyper-
tensive drug treatment on the cerebral circulation during
stroke. Autoregulation of cerebral blood flow (CBF) is
governed by the relationship between cerebral perfusion
pressure (CPP) and cerebrovascular resistance (CVR;

(Equation 2)

CBF = CPP/CVR
= (mean arterial pressure [MAP] — venous)/CVR

Cerebral perfusion pressure represents the difference be-
tween arteria pressure forcing blood into the cerebral
circulation and the venous backpressure. Under conditions
of normal CPP, venous pressure is negligible so that CPP
is equal to arterial pressure and, consequently, reciprocal
changes in CBF and CVR normally occur.

Reductions in CPP may be caused by decrements in
systemic arterial pressure or increases in intracranial pres-
sure (ICP), which are transmitted locally to the venous
system. Increments in ICP can occur as a consequence of
arterial or venoocclusive disease or from an intracerebral
hemorrhage. It is evident from Equation 2 that when
venous pressure increases abnormally, then a decrease in
MAP can markedly reduce CPP and, in turn, diminish
CBF.

In normotensive human subjects, changes in CPP that
occur over awide pressure range, from 60 to 150 mm Hg,
have little effect on CBF (Fig. 1). *” Accordingly, in-
creases in CPP promote an increase in vascular resistance,
whereas decreases in CPP vasodilate the cerebral vascu-
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FIG. 2. Cerebral autoregulation is impaired during focal ischemia and infarction.*®

lature. When CPP exceeds the upper limit of autoregula-
tion, CBF increases further and cerebral edema occurs.
This “breakthrough” perfusion has been postulated as a
mechanism contributing to pathogenesis of hypertensive
encephal opathy.*” Conversely, when CPP decreases below
the lower limit of autoregulation, CBF decreases and ce-
rebral ischemia occurs because an insufficient amount of
oxygen is extracted by the cerebral tissue.

In patients with uncomplicated chronic hypertension,
the relationship between arterial pressure and CBF is al-
tered so that the lower limit of autoregulation is higher
than in normotensive subjects (Fig. 1). In untreated hyper-
tensive patients, Strandgaard'’ reported that the lower
limit of autoregulation was 113 mm Hg compared with 73
mm Hg in normotensive controls. Thus, the lower limit of
autoregulation is about 25% below the resting MAP in
both normotensive subjects and patients with uncompli-
cated essential hypertension.

This observation that the lower limit of autoregulation
is about 25% below the resting MAP in patients with
uncomplicated hypertension has been interpreted by some
authorities to indicate that MAP can safely be lowered to
this extent during hypertensive crises associated with
acute stroke.>*'21819 However, evidence from animal
models and stroke patients indicates that cerebral autoreg-
ulation is disrupted in ischemic tissue. When an intrace-
rebral artery is occluded, a central core of severe ischemia
is surrounded by less ischemic zones where perfusion is
maintained by collateral circulation (ie, penumbra).62°
Because vessels at the penumbra are maximally dilated,
further autoregulation cannot occur and blood flow
through these vessels is primarily dependent on cerebral

perfusion pressure. When CPP decreases, the autoregula-
tory curve shifts down and to the right, therefore the CBF
is lower at each CPP level. Consequently, when systemic
arterial pressure is reduced by substantially <25% below
the resting level, viable brain tissue around the ischemic
zone is jeopardized (Fig. 2). '® These observations seri-
ously challenge the widely prescribed recommendation
that, during an acute stroke, MAP can be safely reduced by
25% with antihypertensive medication.>*#18

Moreover, randomized controlled clinical trialsindicate
that antihypertensive drug treatment during an ischemic
stroke does not improve clinical outcome and in fact, may
worsen it. For example, a large (n = 624), randomized
placebo controlled tria of treatment with antihypertensive
medication (ie, labetalol, nitroprusside) and recombinant
tissue plasminogen activator (rt-PA) during ischemic
stroke evaluated the potentially greater risk of intracere-
bral hemorrhage in hypertensive stroke patients.®* The
study found that in hypertensive patients randomized to
receive treatment with rt-PA, antihypertensive treatment
after randomization was associated with a fourfold greater
risk of death and chronic neurologic impairment when
compared with patients who received rt-TPA and who did
not receive antihypertensive medication after randomiza-
tion. Furthermore, in patients who were randomized not to
receive treatment with rt-PA, antihypertensive therapy af-
ter randomization had no benefit in neurologic recovery or
death rate. The rt-PA group treated with antihypertensive
drugs was more likely to have a more abrupt decrease in
BP than those who were not treated with antihypertensive
medication. The adverse impact of antihypertensive treat-
ment could not be attributed to other patient characteristics

¥20Z Iudy 60 U0 1senb Aq 28€98L/¥S L L/L L/vL/e1oIe/yle/wod dnorolwapede//:sdiy wolj pepeojumo(d



1158 MANAGEMENT OF HYPERTENSIVE CRISES

(eg, age, stroke severity, or severity of hypertension),
which were similar in the rt-PA and non-tPA treatment
groups. In summary, this important controlled trial high-
lights that during ischemic stroke: 1) there is no demon-
strable benefit of antihypertensive treatment regardless of
whether concurrent rt-PA is used and 2) concurrent treat-
ment with rt-PA and antihypertensive medication appears
to have a detrimental effect on clinical outcomes, includ-
ing neurologic recovery and survival.?*

Other placebo-controlled studies support and extend
these observations regarding the adverse effect of antihy-
pertensive treatment during an ischemic stroke. Kaste et
al?? reported that, compared to the placebo group, patients
randomized to treatment with nimodipine, a dihydropyri-
dine calcium channel blocker (CCB), had a higher mor-
tality rate during 1-month and 3-month follow-up periods.
Although systolic BP was significantly lower in the nimo-
dipine group than the placebo group during the first week
of treatment, no association between BP levels and the
higher mortality rate was reported.

In a relatively smal (n = 16 patients), randomized
placebo-controlled trial of the dihydropyridine CCB nicar-
dipine, CBF in the infarcted area either failed to increase,
or decreased. In contrast, in those treated with either an
ACE inhibitor (captopril) or a central «,-receptor agonist
(clonidine), CBF increased significantly in the infarcted
region.?® Patients were randomized to either placebo or
active drug treatment within 72 h of onset of symptoms.
Blood pressure decreased equivalently in active treatment
and placebo groups and clinical outcomes were similar
regardless of whether or not drug treatment was used.
However, the type of antihypertensive agent used ap-
peared to influence cerebral hemodynamic patterns. These
observations suggest again that autoregulation of CBF
may be adversely influenced by CCB, but not by an ACE
inhibitor or a central sympatholytic agent. Still other stud-
ies have also reported that antihypertensive treatments
with an ACE inhibitor or «,-adrenoceptor blocker also
preserve CBF.?+2°

Subarachnoid and
Intracerebral Hemorrhage

Hypertension occurs commonly in the early period after
intracerebral hemorrhage. It ismore severe and, in contrast
to the BP elevation during ischemic stroke, islesslikely to
spontaneously improve during the first few days after
presentation.*>2°

Severe hypertension is a common feature of subarach-
noid hemorrhage.’®?” Nimodipine, a dihydropyridine
CCB, sdignificantly improves outcome in patients with
subarachnoid hemorrhage. However, transient hypoten-
sion is a relatively common side effect of nimodipine,
particularly when it is administered intravenously.?®2° Al-
though the decrease in BP usually responds to hydration,
approximately 30% of patients also require treatment with
vasoconstrictors (eg, dopamine, phenylephrine, norepi-
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nephrine) to reverse its vasodilating effect. These offset-
ting therapeutic strategies have unpredictable and unset-
tling consequences, particularly now that surgery for
ruptured aneurysmsis done in older patients with concom-
itant coronary artery disease.?®

Treatment with adihydropyridine CCB during the early
period after intracerebral or subarachnoid hemorrhage has
asignificant effect on cerebral hemodynamics.* Within 30
min after a single dose of short-acting nifedipine, MAP
decreases by 20%, mean intracerebral pressure increases
by 40%, and consequently, CPP decreases by 40%. Pa-
tients with higher pretreatment intracerebral pressures (40
mm Hg) have more marked reductions in CPP. This means
that nifedipine promotes cerebral edema, reduction in
CPP, and, hence, impairs autoregulation of CBF.*° How-
ever, the long-term clinical impact of these results cannot
be interpreted fully because the neurologic outcomes of
these patients were not reported.

However, the adverse hemodynamic responses of dihy-
dropyridine CCB may account for their limited therapeutic
efficacy reported in some treatment trials. For example,
The Cooperative Aneurysm study, a large (n = 906),
randomized controlled trial in patients with aneursymal
subarachnoid hemorrhage compared high-dose intrave-
nous nicardipine with a control group treated with volume
expansion. In that study, hypotension occurred twice as
frequently in the nicardipine group (34.5% v 17.5%).%*
Overdl, neurologic outcome and survival were similar in
these two groups at 3-month follow-up, although the in-
cidence of symptomatic vasospasm was gresater in the
control group than in the nicardipine group.

In summary, data from controlled studies of antihyper-
tensive drug therapy in acute stroke are limited but useful
when considering treatment options. The evidence indi-
cates that in ischemic stroke, BP spontaneously decreases
to prestroke levels within a few days.*® There is no evi-
dence from clinical trials to support the use of antihyper-
tensive treatment during an acute stroke in the absence of
other concurrent disorders (eg, aortic dissection or heart
failure; see below). Moreover, data from both laboratory
and clinica studies strongly suggest that antihypertensive
treatment may adversely affect cerebral autoregulation in
acute stroke. In particular, dihydropyridine CCB and other
direct vasodilators promote changes in cerebral hemody-
namics that might be detrimental. Although the favorable
effect of nimodipine in patients with acute subarachnoid
hemorrhage has been established, at the same time, treat-
ment-induced hypotension may limit its efficacy.33*

Malignant Hypertension and
Hypertensive Encephalopathy

Malignant hypertension is characterized by fibrinoid ne-
crosis in arterioles and myointimal proliferation in small
arteries, which is manifested by neuroretinopathy and re-
nal disease.®® It rarely occurs de novo and is usualy a
sequel to various forms of benign hypertension as well as
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FIG. 3. The acute and long-term effects of captopril treatment on diastolic blood pressure in patients with malignant hypertension and
malignant encephalopathy. Patients whose diastolic pressures were greater than 105 mm Hg after 7 days of treatment were given

supplemental diuretics.*!

to secondary forms including renovascular hypertension,
scleroderma, and vasculitis. Unless treated with antihyper-
tensive medication, the mortality rate in such patients
exceeds 90% within 1 year after presentation.

Hypertensive encephalopathy is characterized by gen-
eralized signs and symptoms including headache, lethargy,
seizures, and papilledema. The mechanism responsible for
the generalized neurologic findings has been attributed to
rapid elevation of cerebral perfusion pressure beyond the
upper limit of autoregulation (see above), leading to cere-
bral edema and reduced CBF. Focal neurologic findings
are not characteristic, although they may develop if cere-
bral hemorrhage or infarction occurs.'®

The rapid increase in BP is most commonly due to
massive overproduction of renin and angiotensin Il in
response to renal ischemia.’® This enhances pressure na-
triuresis, which further stimulates renin-angiotensin-aldo-
sterone release to thereby enhance renin-related metabolic
abnormalities, including hypokalemia and metabolic aka-
losis, ' and also enhance the potential for angiotensin-
induced cerebral, cardiac, and renal vasculotoxicity. The
centra role of excess renin system activity in this process
is supported by high PRA levels that occur before treat-
ment, by a marked reactive plasma renin increase during
treatment with an ACE inhibitor,** or by the marked

suppression of renin level levels by propranolol,*® and by
the dramatic clinical improvement within minutes after
initiating these antirenin therapies.**3%3*

These observations provide a pathophysiologic basis
for the treatment of malignant hypertension and hyperten-
sive encephalopathy with antihypertensive agents that tar-
get the renin-angiotensin system. For example, captopril,
an oraly active ACE inhibitor, is safe and effective in both
the acute setting and during prolonged treatment (Fig. 3).
It is administered orally and the onset of action is 30 to 60
min. Enalaprilat, an intravenously administered, rapidly
acting ACE inhibitor, is also effective in this setting.®
Furthermore, ACE inhibitors and B-adrenergic blockers,
which interrupt the renin-angiotensin system at different
sites, each favorably shifts the cerebral autoregulatory
curve, therefore CBF is maintained at baseline despite
lower arterial pressures (see above).?>243 |n contrast, the
empiric use of diuretics or direct vasodilators (eg, hydral-
azine, nitroprusside) may be less effective because they
stimulate reactive renin secretion (see below).’

Aortic Dissection

Aortic dissection is classified as type A if it involves the
ascending aorta or type B if it does not.3’ This distinction
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is based on their differing responses to treatment. In gen-
erd, type A dissections have a lower mortality rate when
treated surgically, whereas type B dissections respond
more favorably to medical therapy.3”*® Despite these dif-
ferences, the initial medical management of both types of
aortic dissection is similar and is designed to prevent its
propagation, hemorrhage, and rupture.

The rate of increase of the aortic pulse wave, dP/dt, is
the dominant force that determines the risk of aortic dis-
section and its complications.*® Factors that contribute to
dP/dt include myocardial contractility, BP, and heart rate.
Interventions that reduce myocardial contractility and the
rate of increase of the pulse wave contour will decrease the
energy absorbed by the damaged aorta and, thus, will
attenuate these risks. Accordingly, both B-adrenergic and
ganglionic blockers are the cornerstone of treatment for
aortic dissection.®®

Hypertension is nearly ubiquitous in patients with aor-
tic aneurysms. Of the more than 400 patients who have
undergone surgical repair at New Y ork Presbyterian Hos-
pital, hypertension is present in 98% of those with de-
scending thoracic or thoracoabdominal aneurysms and
89% with ascending aortic aneurysms (Leonard Girardi,
MD; personal communication). The lowest tolerated BPis
the target for treatment. However, hypertension is a het-
erogeneous disorder and, therefore, BP does not decrease
uniformly in all patients during monotherapy with a
B-blocker.®3 Therefore, although B-blockade rapidly de-
creases myocardial contractility and heart rate in al pa
tients, additional antihypertensive agents might be re-
quired.

Nitroprusside is widely recommended and commonly
used in patients with aortic dissection because it has a
rapid onset and brief duration of action and, thus, can
theoretically be titrated quickly.*® However, even when
nitroprusside is infused at a low dose, aortic dP/dt in-
creases markedly unless there is concurrent 3-blockade.**
The increase in dP/dt during nitroprusside infusion is the
conseguence of baroreflex stimulation and related activa
tion of the renin-angiotensin-aldosterone system.**%* pe-
ripheral vascular resistance and renal sodium reabsorption
are both amplified and, thus, the antihypertensive effect of
nitroprusside is attenuated—a phenomenon referred to as
nitroprusside resistance.*?

Dihydropyridine CCBs are commonly used for the
treatment of hypertension and have been advocated for use
in aortic dissection.** However, as with nitroprusside,
these agents increase heart rate, and contractility, and
plasma catecholamine levels.*® Therefore, the routine use
of dihydropyridine CCB in the absence of B-adrenergic
blockade is not justifiable.

Acute Pulmonary Edema
and Congestive Heart Failure

Heart failure is defined as the pathophysiologic state in
which the heart is unable to pump blood at a rate com-
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mensurate with the body’s metabolic requirements. This
clinical syndrome is characterized by signs and symptoms
of intravascular and interstitial volume overload or by
manifestations of inadequate tissue perfusion, such as fa-
tigue or reduced exercise tolerance.*’ In the Framingham
population, more than 90% of heart failure patients have a
history of hypertension. Moreover, it is one of the char-
acteristic presenting signs and symptoms of ischemic ne-
phropathy, defined as impaired glomerular filtration
caused by hemodynamically significant bilateral renal ar-
tery stenosis.*® Accordingly, hypertension can be both the
cause and consequence of acute pulmonary edema, reflect-
ing left ventricular systolic and diastolic dysfunction in the
setting of excess activation of the renin-angiotensin-aldo-
sterone axis and other neurohormonal systems.

Renin System Activation in the Pathogenesis of Heart
Failure Compensatory neurohormonal and hemody-
namic mechanisms maintain CO and peripheral perfusion
when cardiac function is impaired.**° Progressive dete-
rioration in cardiac performance occurs as a consequence
of the maladaptive mechanisms. The modern treatment of
heart failure is directed toward the correction of these
pathophysiologic processes.>*~5¢

The renin system plays an important role in the patho-
genesis of progressive left enlargement and dysfunction
that occur after myocardia infarction (MI). Treatment
with captopril, an ACE inhibitor, improves cardiac perfor-
mance and decreases mortality by about 20% from car-
diovascular and other causes.®” Type 1 angiotensin I
receptor blockade appears to be as effective as ACE in-
hibitors in the treatment of decompensated heart fail-
ure.>®%% Moreover, the significance of aldosterone in the
pathogenesis of heart failure is underscored by the striking
efficacy of spironolactone, a mineralocorticoid receptor
antagonist that by promoting natriuresis and diuresis with
potassium retention significantly improves survival .2%6*

The beneficial effects of ACE inhibitor treatment in
heart failure are not limited to patients with very high
pretreatment plasma renin levels. Packer and co-workers™
found that approximately 50% of patients in the low-
medium range (PRA <2 ng/mL/h) had sustained improve-
ments in left ventricular function and symptoms during
captopril treatment. These benefits were accompanied by a
15-fold increase in mean PRA level, reflecting a marked
renin response to the blockade of angiotensin |1 production
by the ACE inhibitor. In contrast, captopril was not ben-
eficial in those patients whose renin levels did not increase
during treatment. These results suggest that the plasma
renin response is heterogeneous in heart failure, just as it
is in hypertension, therefore its reactive increases are
predictive of the efficacy of ACE inhibitor treatment. Con-
versely, no reactive increases in renin levels indicate the
absence of an operating renin factor, so that the ACE
inhibitor is unlikely to be effective.

In summary, decompensated heart failure can be both a
cause and consequence of a hypertensive crisis, reflecting
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excess activation of the renin-angiotensin-aldosterone sys-
tem with an increased total body sodium content. Treat-
ment strategies include diuresis, preferably with spirono-
lactone,®*%* best combined with R drugs that reduce or
interrupt renin-angiotensin 1l release, formation, or its
binding to the type 1 receptor (ie, B-adrenergic receptor
blockers, ACE inhibitors, or angiotensin |1 receptor block-
ers).

Acute Myocardial Infarction

Acute M, like congestive heart failure, can occur in the
setting of a hypertensive crisis. Excess renin system acti-
vation commonly occurs in the earliest stages of an acute
heart attack.®? Recent studies of acute M| have stressed the
importance of neurohormonal activation (ie, renin system
activation) during acute M| as a predictor of severa clin-
ical outcomes, including functional class, ventricular an-
eurysm formation, ventricular performance, and surviv-
al.**% Thus, the pathophysiologic role of the renin-
angiotensin system is highlighted by clinical trials of ACE
inhibitor treatment during acute M|, encompassing more
than 100,000 patients, which consistently demonstrate sig-
nificant improvement in survival related to administration
of these antirenin (R) agents. Moreover, B-adrenergic re-
ceptor blockers, which attenuate the activity of both the
adrenergic and the renin-angiotensin systems, dramatically
improve survival in the post-MI patient and, therefore,
remain the cornerstone of treatment.®*®°

In contrast, there is evidence that direct arteria vaso-
dilators, such as nitroprusside and short-acting dihydro-
pyridine calcium channel antagonists, can be detrimental
during an acute M1. A crossover study of nitroprusside and
nitroglycerin in patients during an acute transmura Ml
found that the MAP decreased significantly with both
drugs when compared with pretreatment levels.®® How-
ever, unlike nitroglycerin, nitroprusside increased heart
rate and provoked ST segment elevation, whereas nitro-
glycerin decreased ST segments toward normal levels.
Studies in experimental models of acute MI found that
nitroprusside decreased transmural blood flow and pro-
voked ST segment elevation, whereas nitroglycerin in-
creased transmural blood flow and attenuated the magni-
tude of ST segment elevation. These data with nitroprusside
are consistent with redirection of coronary blood flow
away from regions of myocardial ischemia, referred to as
coronary steal.®®

Despite their potent antihypertensive actions, short-
acting CCB have been implicated in complications during
acute M| and after cardiovascular surgery.®”~"° Hence,
these agents are contraindicated for the treatment of hy-
pertensive crises, particularly when associated with car-
diovascular disease. In contrast, B-adrenergic blockers and
ACE inhibitors improve survival in the setting of acute M1
and, therefore, represent the first line of treatment.>”%°

Cocaine intoxication is associated with uncontrolled
hypertension and coronary artery vasoconstriction leading
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to angina, M1, and sudden cardiac death.”* The principal
effects are stimulated by «-adrenergic-mediated events.
Accordingly, selective a,-adrenergic receptor blockade,
combined «,3-adrenergic blockade (eg, labetalol), or non-
dihydropyridine CCB (eg, verapamil) are effective treat-
ments.”? In contrast, B-blockade, without concurrent ;-
adrenergic receptor blockade may exacerbate these
conditions.”*"3

Preeclampsia-Eclampsia

This pregnancy-specific syndrome usually occurs after 20
weeks gestation or earlier in the case of trophoblastic
diseases such as hydatidiform mole or hydrops.”* It is
characterized by gestational BP elevation and proteinuria.
Gestational BP elevation is defined as a systolic pressure
>140 mm Hg or diastolic pressure >90 mm Hg in a
woman who was normotensive before 20 weeks gesta-
tion. Proteinuria is defined as =300 mg in a 24-h speci-
men. The pathophysiologic mechanisms underlying pre-
eclampsia are not well established. Blood pressure
elevation in this syndrome is characterized by increased
responsiveness to angiotensin |1 and other vasoconstrictor
substances, as well as endothelial dysfunction character-
ized by decreased production of, or responsiveness to
endothelium-derived vasodilators.

Preeclampsia is associated with protean clinical and
laboratory manifestations including headache, visua dis-
turbance, epigastric pain, serum creatinine >1.2 mg/dL,
platelet count <<100,000 with concurrent microangiopathic
hemolytic anemia and elevated lactate dehydrogenase, and
elevated hepatic transaminase activities. Eclampsia is de-
fined as the occurrence of seizures, without an antecedent
cause, in a patient with preeclampsia.”

The clinical and laboratory manifestations of pre-
eclampsia are reversible and begin to subside after deliv-
ery. The timing of delivery is determined by the relative
risks and benefits to maternal health and fetal develop-
ment. These considerations have been summarized else-
where.”

Hogpitalization is indicated for onset preeclampsia or
severe gestational hypertension. Variable duration of an-
tepartum management with restricted activity can be ac-
complished for patients between 23 and 32 weeks gesta
tion. Intravenous magnesium sulfate reduces the frequency
of eclampsia among patients with pregnancy-induced hy-
pertension or severe preeclampsia, although its usage in
patients with milder manifestations is not well defined.”
Treatment with specific antihypertensive agents should be
initiated when diastolic pressure exceeds 105 mm Hg or
when it increases rapidly from a normal range to >100
mm Hg.

The choice of antihypertensive drug is limited by its
potential for adversely affecting fetal development. Most
notably, ACE inhibitors and angiotensin Il receptor antag-
onists are contraindicated in pregnancy because of the
associated increase in fetal and neonatal morbidity and
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death.”® a-Methyldopa is the mainstay of treatment for
gestational hypertension because of a low risk of fetal
complications.”” In patients with preeclampsia and severe
hypertension (>160/110 mm Hg), there are relatively few
antihypertensive medications that are safe and effective for
parenteral administration. Hydralazine, which can be ad-
ministered by intravenous bolus or by intramuscular in-
jection, has a rapid onset of action. Common side effects
include reflex tachycardia, hypotension, and fluid retention
caused by activation of the renin-angiotensin-aldosterone
system. Labetalol is also effective in this setting, either as
an intravenous bolus or by continuous infusion. It is con-
traindicated in patients with asthma or with decompen-
sated heart failure. Nitroprusside can cause profound re-
flex bradycardia and hypotension during treatment of
preeclampsia.”® The risks and benefits of nitroprusside and
short-acting CCB in hypertensive crises have been out-
lined elsewhere in this discussion. These agents should be
used with extreme caution in pregnancy.

Approach to the Patient
With the Hypertensive Crisis

Hypertensive crises share all the pathophysiologic mech-
anisms and target organ complications (eg, Ml, stroke,
renal failure) that operate in patients with milder forms of
high BP and, thus, together can be viewed as part of the
spectrum of human hypertension. Accordingly, BP is re-
duced, in the hypertensive crises and in the chronic forms
of hypertension, by the same specifically targeted drugs
that interrupt relevant pathophysiologic mechanisms. In
the ambulatory chronic hypertensive patient, treatment is
usually accomplished after severa office visits, alowing
for the confirmation of hypertension and assessment of
cardiovascular risk. At New York Presbyterian Hospital,
this includes an evaluation of renin system activity, which
often provides information regarding pathophysiology
and, thereby directs selection of antihypertensive drug
treatment and stratification of cardiovascular risk. On the
basis of the entry plasma renin level the primary antihy-
pertensive agent is chosen from either the R or V drug
class. If the entry PRA is =0.65 ng/mL/h, we begin with
an antirenin system R drug, either a B-blocker to lower
plasma renin levels, an ACE inhibitor to reduce angioten-
sin I formation, or an angiotensin receptor blocker (ARB)
to block the engagement of angiotensin Il at its vascular
receptor. Conversely, if the PRA is <0.65 ng/mL/h, so-
dium volume hypertension is likely and the therapy is
begun instead with an antisodium volume V drug. These
include the aldosterone antagonists (ie, spironolactone),
a-blockers, or CCBs. This approach optimizes treatment
even for refractory hypertension.”

In a hypertensive crisis, this approach is adapted to
enable the pace of diagnosis and treatment to accelerate.
The decision to promptly lower BP necessarily limits the
availability of diagnostic information (eg, PRA, plasma
catecholamines) before treatment begins. Nonetheless, the
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same concepts that are used to direct antihypertensive
treatment in the ambulatory patient can be applied to the
hypertensive crisis by evaluating the BP responses to one
agent from each drug class. Because each drug is selec-
tively targeted to a potential pathophysiologic mechanism,
a reduction in BP, or aternatively, the lack of a BP
response will provide information regarding the mecha-
nism of hypertension, to thereby indicate what additional
diagnostic evaluation is required (see below).

A thorough initial history and physical examination are
essential to guide selection of appropriate treatment. Di-
rect questioning regarding the level of compliance with
current antihypertensive medications (including prescrip-
tion, over-the-counter, and recreational drugs) may estab-
lish the basis of the hypertensive crisis'® A history of
comorbid conditions is aso central to this assessment.
Laboratory tests are obtained that can elucidate the hyper-
tensive mechanism and define the extent of target organ
damage. These testsinclude serum electrolytes, blood urea
nitrogen, creatinine, complete blood count, platelet count,
electrocardiogram, chest X-ray, and urinalysis. Plasma
renin activity and catecholamine levels are also measured,
although these results are not available when treatment of
the hypertensive crisis is initiated.

Specia attention also should be directed to whether
there is evidence for aortic dissection. If it is suspected,
initial treatment with a 3,-adrenergic blocker is indicated.
Esmolol can be administered as a continuous infusion and
is appropriate in the perioperative setting. If surgery is not
planned, but a parenteral route of drug treatment required
because the patient has an altered mental status or gastro-
intestinal absorption is impaired, then bolus intravenous
doses of metoprolol may be preferable to esmolol because
it issimpler to administer. If thereisahistory of asthmaor
if bronchospasm is present, then a ganglionic blocker or a
non-dihydropyridine CCB can be substituted. If the BP is
not controlled during B-blockade, then addition of a drug
with a complementary action, such as an «-adrenergic
blocker or diuretic is appropriate. If the patient requires
emergent surgical repair, then nitroprusside should be
infused only after adequate B-blockade is established to
blunt the undesirable effects of nitroprusside (or CCB) on
aortic dP/dt.

In the absence of an aortic dissection, one agent from
each antihypertensive drug class is administered in single
file order, first an R drug (captopril or enalapril) to assess
the renin factor, then an R + V drug, using the « and B8
blocker labetolal, to determine the likelihood of catechol-
amine involvement, and finally a primary V drug (furo-
semide) to assess the sodium volume involvement, as
indicated by the BP responses to each individual drug type
(Table 2). The specific order in which the drugs are ad-
ministered might vary depending on the history, physical
examination, and laboratory findings. In addition, for
many patients orally active agents can be used. The indi-
cations for parenteral route of administration include a-
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Table 2. Drugs for treatment of hypertensive crises

Parenteral
Drug Class Oral Drug Drug
ACE inhibitor captopril enalaprilat
ay-adrenergic terazosin, phentolamine
blocker doxazosin,
prazosin
Diuretic furosemide furosemide
B,-adrenergic metoprolol esmolol
blocker metoprolol
ay,B;-adrenergic labetalol labetalol
blocker carvedilol
Central a,-agonist clonidine clonidine

guanfacine (transdermal)

ACE = angiotensin converting enzyme.

tered mental status, gastrointestinal disorders that limit
absorption, and requirement for emergent surgery.

Treatment
Algorithm (Table 2, Fig. 4)

1

An ACE inhibitor is given first to assess the presence
and degree of arenin (R) factor in causation because
of the known vasculotoxic and pressor actions of
angiotensin. The full action of an oral dose of capto-
pril or of intravenous enalaprilat is approximately 30
to 60 min. Significant BP reduction is indicative of
renin-dependent vasoconstriction, a common feature
of malignant hypertension, regardless of whether sec-
ondary forms of hypertension are present. However,
a favorable BP response warrants further evaluation
of potentially curable forms of renin-dependent hy-
pertension. These agents should aso be selected first
in patients with decompensated heart failure, acute
pulmonary edema, or an acute coronary syndrome
(eg, acute MI, unstable angina). If the BP does not
decrease after the initial dose, then a renin-dependent
mechanism is unlikely and an alternative drug class
should be evaluated. Angiotensin converting en-
zyme inhibitors are contraindicated for use in pre-
eclampsia—eclampsia (see above).

a,-Adrenergic receptor blocker. This drug class is
effective in patients with pheochromocytoma and also
in patients with low renin forms of hypertension.®
The onset of action of terazosin, an oral agent, is
approximately 1 h. Phentolamine is an intravenous
agent in this class that has immediate onset of action.
Blood pressure reduction indicates an «-adrenergic
mechanism of vasoconstriction and directs the diag-
nostic evaluation toward pheochromocytoma. Lack
of aBP response directs treatment toward an alternate
drug.

Diuretic. Patients with sodium-sensitive, volume-de-
pendent forms of hypertension will have a reduction
in BP during treatment with adiuretic. Thisdrug class
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should be used earlier in the algorithm in patients
presenting with decompensated heart failure, rena
failure, or edema. Loop diuretics are effective within
30 to 60 min. Escalating doses should be used until a
diuresis occurs. Dialysis and ultrafiltration are re-
quired for azotemic patients who are unresponsive to
diuretic therapy.

Central «,-receptor agonist. Abrupt cessation of
clonidine, guanfacine, or a-methyldopa can cause a
withdrawal syndrome characterized by restlessness,
severe headache, excess salivation, nausea, insomnia,
and stomach pain associated with marked escalations
in BP and heart rate. These signs and symptoms are
similar to pheochromocytoma and can be alleviated
by reinstitution of the withdrawn drug or by com-
bined - and B-adrenergic receptor blockade. When a
history of treatment with this drug class is dlicited,
then restoration of the agent should be the first in the
treatment algorithm. If parenteral treatment is re-
quired, then infusions of labetalol or both phentol-
amine and esmolol are also appropriate. In addition,
transdermal clonidine, which requires several hours
to reach atherapeutic level, can be applied. However,
for the longer term, alternate treatments should be
sought in the patient who may not be compliant to
this drug class.

Combined «,-, nonselective B-adrenergic receptor
blockade. Labetalol is effective in the treatment of a
hypertensive crisis. It can be administered either
oraly or parenterally as frequent, intravenous boluses
or preferably as a continuous infusion. Oral therapy
with 200 mg, in hourly doses up to 1200 mg report-
edly controlled BP in an emergency department set-
ting.5*

Nitroprusside is frequently recommended as the first
line treatment for hypertensive crises because of its
rapid onset of action and ease of BP titration.**%8
However, several of the following factors limit its
use:

a It is common for BP to be unintentionally
reduced below a safe target level during treatment.*?
This may occur because the patient is volume de-
pleted, has a vasodepressor reflex response (Bez-
holdt-Jarisch),”® is treated simultaneously with other
antihypertensive medications, or has concurrent myo-
cardia or cerebral ischemia. Even transient hypoten-
sion in these situations can have catastrophic conse-
quences.

b. Nitroprusside promotes baroreflex activation,
causing tachycardia that can exacerbate acute coro-
nary syndromes and heart failure. Moreover, renin-
angiotensin-al dosterone system stimulation blunts the
antihypertensive efficacy because of increased vaso-
constriction and sodium retention.

¢. Nitroprusside infusion requires invasive mon-
itoring of BP in an intensive care unit setting, which
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Pathway For Hypertensive Crises
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may not otherwise be required. This adds signifi-
cantly to the cost and morbidity of treatment.

d. Unlike the specifically targeted agents used in
this treatment algorithm, empiric treatment with ni-
troprusside does not elucidate the pathophysiologic
mechanism of hypertension, and it does not provide
information that may advance the differential diagno-
sis of possible curable causes.

e. Patients must eventually be treated with ora
antihypertensive medications. Nitroprusside treat-
ment may delay the selection of appropriate oral
therapy. Moreover, concurrent use of nitroprusside
with other drugs may cause hemodynamic instability.

FIG. 4. Algorithm for the treatment of a hypertensive crisis. The blood pressure (BP) response to prototypic antihypertensive agents provides
information that may direct further evaluation and treatment. CXR = chest x-ray; EKG = electrocardiogram; EH = essential hypertension.

f. Nitroprusside can be toxic, especialy in
acutely ill patients, and its vasodilating properties
cannot be dissociated from this toxicity. Upon its
infusion, nitroprusside dissociates immediately,
forming cyanide (CN) and the vasodilator nitric oxide
(NO). Unlike the organic nitrates (eg, nitroglycerin),
which require specific thiol-containing compounds to
form NO, nitroprusside spontaneously generates this
product and, therefore, can be considered a prodrug
for NO and CN.*® Both NO and CN are cleared by
nonenzymatic routes. Five CN molecules are released
by each nitroprusside molecule. These react with
methemoglobin to produce cyanohemoglobin and the
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remaining CN radicals are converted to thiocyanatein
the liver. Cyanide toxicity can occur when sulfur
stores are reduced by malnutrition, diuretic use, or
surgery, or at high nitroprusside infusion rates (30 to
120 wpo/kg/min). Regardless of the total dose or in-
fusion rate, patients with central nervous system dys-
function, cardiovascular instability, and lactic acido-
sis should be considered to have CN toxicity.
Treatment includes hydroxycobalamin and sodium
thiosulfate infusions, which binds CN and facilitates
renal excretion.*® Thiocyanate, formed by the com-
bination of endogenous thiosulfate and CN, is elimi-
nated by the kidneys. Accumulation and toxicity may
occur within 3 to 6 days in chronic rena failure
patients. Its removal is facilitated by dialysis.

Summary

The spectrum of disorders associated with an elevated BP
encompasses chronic uncomplicated hypertension and the
hypertensive crises. Although these syndromes can vary
widely in their presentations, clinical courses, and out-
comes, they share pathophysiol ogic mechanisms and, con-
sequently, exhibit similar therapeutic responses to specif-
ically targeted antihypertensive drug types. Accordingly, a
similar conceptual framework can be applied to their anal-
ysis and treatment. The PRA measurement provides im-
portant information regarding the pathophysiology of hy-
pertension in the individual patient with hypertension and,
thus, plays an important role in the selection of effective
drug treatment by defining at the outset the presence and
degree of either sodium volume-mediated (V) hyperten-
sion (PRA <0.65 ng/mL/h) instead of renin-mediated
(R)-mediated hypertension (PRA =0.65 ng/mL/h). Be-
cause there are also two basic classes of antihypertensive
drugs, the primary correct treatment of every form differs.

Although the relatively brief period (24 to 48 h) re-
quired for reporting plasma renin measurements is appro-
priate for the patient with chronic uncomplicated hyper-
tension, it does not meet the requirement for immediate
treatment in hypertensive crises. To accommodate this
requirement for rapid treatment, we define herein a rapid
method of serially assessing drug type responsiveness in
which specifically targeted antihypertensive agents from
each drug class (ie, antirenin (R) drugs, and antisodium-
volume (V) drugs) are evaluated by being administered in
single file order. The depressor response or lack of it, to
one representative agent of each specific drug class, ad-
ministered individually over arelatively brief period in the
acute care setting, provides rapid insight into the mecha
nisms of hypertension that can facilitate further diagnostic
evaluation and targeted treatment. For example, BP reduc-
tion after a dose of an ACE inhibitor defines renin-angio-
tensin-dependent hypertension, whereas a lack of BP re-
sponse to this drug class excludes a predominant role of
this mechanism, and suggest a sodium-volume mecha-
nism. At the same time, this new strategy avoids the use of
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nitroprusside and dihydropyridine CCB, which can lower
BP but delay definitive diagnosis and treatment while
imposing added risks, especialy in certain critical situa-
tions, ie, aortic dissection, acute MI, or cerebral hemor-
rhage.
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