TABLE 298-10 Usual Intravenous Doses of Antihypertensive Agents
Used in Hypertensive Emergenciesa

Constant blood pressure monitoring is required. Start with the lowest dose. Subsequent
doses and intervals of administration should be adjusted according to the blood pressure
response and duration of action of the specific agent.

mean arterial blood pressure by no more than 25% within minutes to
2 h or to a blood pressure in the range of 160/100–110 mmHg. This
may be accomplished with IV nitroprusside, a short-acting vasodilator with a rapid onset of action that allows for minute-to-minute control of blood pressure. Parenteral labetalol and nicardipine are also
effective agents for the treatment of hypertensive encephalopathy.
In patients with malignant hypertension without encephalopathy or another catastrophic event, it is preferable to reduce blood
pressure over hours or longer rather than minutes. This goal may
effectively be achieved initially with frequent dosing of short-acting
oral agents such as captopril, clonidine, and labetalol.
Acute, transient blood pressure elevations that last days to
weeks frequently occur after thrombotic and hemorrhagic strokes.
Autoregulation of cerebral blood flow is impaired in ischemic
cerebral tissue, and higher arterial pressures may be required to
maintain cerebral blood flow. Although specific blood pressure targets have not been defined for patients with acute cerebrovascular
events, aggressive reductions of blood pressure are to be avoided.
With the increasing availability of improved methods for measuring
cerebral blood flow (using CT technology), studies are in progress
to evaluate the effects of different classes of antihypertensive
agents on both blood pressure and cerebral blood flow after an
acute stroke. Currently, in the absence of other indications for acute
therapy, for patients with cerebral infarction who are not candidates
for thrombolytic therapy, one recommended guideline is to institute antihypertensive therapy only for patients with a systolic blood
pressure >220 mmHg or a diastolic blood pressure >130 mmHg. If
thrombolytic therapy is to be used, the recommended goal blood
pressure is <185 mmHg systolic pressure and <110 mmHg diastolic
pressure. In patients with hemorrhagic stroke, suggested guidelines
for initiating antihypertensive therapy are systolic >180 mmHg
or diastolic pressure >130 mmHg. The management of hypertension after subarachnoid hemorrhage is controversial. Cautious
reduction of blood pressure is indicated if mean arterial pressure is
>130 mmHg.
In addition to pheochromocytoma, an adrenergic crisis due to
catecholamine excess may be related to cocaine or amphetamine
overdose, clonidine withdrawal, acute spinal cord injuries, and an
interaction of tyramine-containing compounds with monoamine
oxidase inhibitors. These patients may be treated with phentolamine or nitroprusside.
Treatment of hypertension in patients with acute aortic dissection is discussed in Chap. 301, and treatment of hypertension in pregnancy is discussed in Chap. 8.
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The renal vasculature is unusually complex with rich arteriolar flow
to the cortex in excess of metabolic requirements, consistent with its
primary function as a filtering organ. After delivering blood to cortical
glomeruli, the postglomerular circulation supplies deeper medullary
segments that support energy-dependent solute transport at multiple
levels of the renal tubule. These postglomerular vessels carry less blood,
and high oxygen consumption leaves the deeper medullary regions at
the margin of hypoxemia. Vascular disorders that commonly threaten
the blood supply of the kidney include large-vessel atherosclerosis,
fibromuscular diseases, and embolic disorders. Microvascular injury,
including inflammatory and primary hematologic disorders, is
described in Chap. 341.
The glomerular capillary endothelium shares susceptibility to oxidative stress, pressure injury, and inflammation with other vascular
territories. Rates of urinary albumin excretion (UAE) are predictive of
systemic atherosclerotic disease events. Increased UAE may develop
years before cardiovascular events. UAE and the risk of cardiovascular
events are both reduced with pharmacologic therapy such as statins.
Experimental studies demonstrate functional changes and rarefaction
of renal microvessels under conditions of accelerated atherosclerosis
and/or compromise of proximal perfusion pressures with large-vessel
disease (Fig. 299-1).
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CHAPTER 299

Antihypertensive Agent Intravenous Dose
Nitroprusside
Initial 0.3 (μg/kg)/min; usual 2–4 (μg/kg)/min;
maximum 10 (μg/kg)/min for 10 min
Nicardipine
Initial 5 mg/h; titrate by 2.5 mg/h at 5–15 min
intervals; max 15 mg/h
Labetalol
2 mg/min up to 300 mg or 20 mg over 2 min,
then 40–80 mg at 10-min intervals up to 300
mg total
Enalaprilat
Usual 0.625–1.25 mg over 5 min every 6–8 h;
maximum 5 mg/dose
Esmolol
Initial 80–500 μg/kg over 1 min, then
50–300 (μg/kg)/min
Phentolamine
5–15 mg bolus
Nitroglycerin
Initial 5 μg/min, then titrate by 5 μg/min at
3–5-min intervals; if no response is seen at
20 μg/min, incremental increases of
10–20 μg/min may be used
Hydralazine
10–50 mg at 30-min intervals
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MACROVASCULAR DISEASE
Large-vessel renal artery occlusive disease can result from extrinsic
compression of the vessel, fibromuscular dysplasia, or, most commonly, atherosclerotic disease. Any disorder that reduces perfusion
pressure to the kidney can activate mechanisms that tend to restore
renal pressures at the expense of developing systemic hypertension.
Because restoration of perfusion pressures can reverse these pathways,
renal artery stenosis is considered a specifically treatable “secondary”
cause of hypertension.
Renal artery stenosis is common and often has only minor hemodynamic effects. Fibromuscular dysplasia (FMD) is reported in 3–5%
of normal subjects presenting as potential kidney donors without
hypertension. It may present clinically with hypertension in younger
individuals (between age 15 and 50), most often women. FMD
does not often threaten kidney function, but sometimes produces
total occlusion and can be associated with renal artery aneurysms.
Atherosclerotic renal artery stenosis (ARAS) is common in the general
population (6.8% of a community-based sample above age 65), and
the prevalence increases with age and for patients with other vascular
conditions such as coronary artery disease (18–23%) and/or peripheral
aortic or lower extremity disease (>30%). If untreated, ARAS progresses in nearly 50% of cases over a 5-year period, sometimes to total
occlusion. Intensive treatment of arterial blood pressure and statin
therapy appear to slow these rates and improve clinical outcomes.
Critical levels of stenosis lead to a reduction in perfusion pressure
that activates the renin-angiotensin system, reduces sodium excretion,
and activates sympathetic adrenergic pathways. These events lead to
systemic hypertension characterized by angiotensin dependence in
the early stages, widely varying pressures, loss of circadian blood pressure (BP) rhythms, and accelerated target organ injury, including left
ventricular hypertrophy and renal fibrosis. Renovascular hypertension
can be treated with agents that block the renin-angiotensin system and
other drugs that modify these pressor pathways. It can also be treated
with restoration of renal blood flow by either endovascular or surgical
revascularization. Most patients require continued antihypertensive
drug therapy because revascularization alone rarely lowers BP to
normal.
ARAS and systemic hypertension tend to affect both the poststenotic and contralateral kidneys, reducing overall glomerular filtration rate (GFR) in ARAS. When kidney function is threatened by
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