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Vascular Medicine

Periprocedural Hypertension: Current Concepts 
in Management for the Vascular Surgeon
Russell H. Samson, MD, FACS, RVT, Sarasota, FL

Periprocedural hypertension is a common finding in patients undergoing vascular surgery or
endovascular procedures, and this may pose a risk for subsequent cardiovascular morbidity or
mortality. Accordingly, the vascular surgeon who wishes to improve outcomes needs to be
proficient not only in surgical technique but also in the medical management of the patient’s
associated conditions, especially hypertension. Vascular procedures need not be cancelled
unless the blood pressure (BP) is more than 180 mm Hg systolic or 110 mm Hg diastolic, but
attention should also be paid to evidence of end organ damage in making this decision. In
most cases preoperative antihypertensive medications should be continued up till the
procedure. Postoperative hypertension may require 1 of a number of intravenous medications,
which are listed. Oral nifedipine should generally be avoided for fear of inducing an uncon-
trolled hypotensive response and cardiac ischemia.

Introduction

Periprocedural hypertension is unfortunately
common and may be a significant risk factor for
postprocedural mortality, especially in the vascu-
lar patient who very often has significant cardio-
vascular pathology. In 1 study of 76 patients who

died of a cardiovascular cause within 30 days of
elective surgery, a preoperative history of hyper-
tension was 4 times more likely than among 76
matched controls.1 However, this increase in mor-
tality rate seems to occur only when the diastolic
blood pressure is >110 mm Hg2 or when hyper-
tension has caused end-organ damage.3 This mor-
bid effect was confirmed by Towne et al,4 who
demonstrated that systolic hypertension >200
mm Hg before carotid endarterectomy was asso-
ciated with an increase in postoperative cere-
brovascular complications. Furthermore, blood
pressure (BP) and heart rate can increase signifi-
cantly with surgery, and this is even more prone
to occur in hypertensive patients. Also, labile hy-
pertension with periods of hypotension is also
more commonly seen in these patients.5 Accord-
ingly, the vascular surgeon who wishes to im-
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prove outcomes needs to be proficient not only in
surgical technique but also in the medical man-
agement of the patients’ associated conditions, es-
pecially hypertension.

Preprocedural Management

Preprocedural antihypertensive medications
should be maintained until and including the day
of surgery. Since many patients will be on di-
uretics, preprocedural volume blood urea nitro-
gen, creatinine, and potassium levels should be
checked. There are some theoretical reasons to
possibly withhold angiotensin-converting enzyme
inhibitors (ACE), angiotensin receptor blockers
(ARBs), and calcium channel blockers the day be-
fore surgery, but this has not been generally ac-
cepted. The former can blunt the compensatory
activation of the renin-angiotensin system during
surgery resulting in prolonged hypotension. This
has been supported by a study of 150 patients un-
dergoing vascular surgery that showed that hy-
potension during induction was noted less fre-
quently when these medications were stopped the
evening before surgery.6 These data would sup-
port discontinuing those medications if the indi-
cation for their use is congestive heart failure and
not hypertension. Calcium channel blockers can
increase postoperative bleeding7 owing to platelet
inhibition. However, abrupt withdrawal can cause
coronary vasospasm, and so it is not recommend-
ed that they be discontinued.

Acute withdrawal is also especially dangerous
for beta-blockers and the centrally acting sympa-
tholytic drugs.8,9 Further, beta-blockers in the pe-
rioperative period decrease mortality in high-risk
cardiac patients10 and should be considered for
all patients undergoing major vascular surgery.

Postoperative and Intraprocedural
Hypertension and Its Management

Hypertension is most likely to develop during in-
duction of anesthesia and in the immediate re-
covery period. Laryngoscopy and intubation can
cause a blood pressure elevation of 30 mm Hg in
normotensive patients and 90 mm Hg in hyper-
tensive patients.4

Postoperative hypertension is more common
in patients who are hypertensive preoperatively

and is especially common in patients undergoing
vascular procedures. Goldman et al3 reported that
postoperative hypertension occurred in 57% of
abdominal aortic aneurysm resections and 29%
of other vascular procedures compared to 8% of
other nonvascular procedures. Hypertension is
also a potentially serious complication following
carotid endarterectomy.4 Paradoxically, some pa-
tients may experience normalization of their
blood pressure for many months after major
surgery, although this seldom persists.11

Before starting a patient on antihypertensive
medications, other causes of hypertension specif-
ic to the postoperative period (pain, agitation, hy-
poxia and hypercarbia, bladder distension and hy-
pervolemia) should all be addressed. Often ade-
quate analgesia may be all that is necessary. In
many patients blood pressure elevation will be
transient and accordingly they will not require ag-
gressive antihypertensive regimens that may
cause adverse side effects. If the patient remains
hypertensive and unable to take their customary
oral agents, they should be started on a parenter-
al regimen described below (sublingual nifedip-
ine should never be used since it can cause severe
hypotension and cardiac ischemia12).

There are, however, major management is-
sues that should be considered no matter what
drugs are ultimately selected; and these relate to
prior therapies, preexisting conditions and spe-
cific ailments. For example, although reducing
blood pressure is advantageous in preventing
stroke, hypertension following a thromboembol-
ic stroke, eg, after carotid endarterectomy, is
thought to be cerebro-protective by maintaining
flow to hypoperfused areas.13 In fact, elevation in
blood pressure is often noted for the first 10 days
after such a stroke. Because of these findings, it is
usually recommended that antihypertensive ther-
apy be stopped after a thrombotic stroke unless
the patient has cardiac failure, aortic dissection
or diastolic blood pressure of >120 mm Hg or
systolic pressure of >220 mm Hg13-15 Under such
circumstances, labetalol may be preferred since
it can be adjusted readily. Nitroprusside should
be carefully used since it can increase intracra-
nial pressure. Also, patients with chronic hyper-
tension often have autoregulation of blood pres-
sure shifted to a higher range, so reductions to
“normal” blood pressure may result in hypoper-
fusion. This is most commonly seen in the elder-
ly. Further, patients on longer-acting medications
may have blockade of their compensatory mech-
anisms that would normally offset excessive de-
creases in pressure.
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Medications for the Control of
Intraprocedural and Postprocedural
Hypertension
In the immediate postoperative period, especially
in patients who cannot tolerate oral intake, intra-
venous antihypertensive medications will often be
required. These may also be required during en-
dovascular procedures. Further, if malignant hy-
pertension is uncontrolled, hypertensive en-
cephalopathy and hypertensive nephrosclerosis
can result. As blood pressure rises, autoregulation
in the arteriolar bed prevents transmission of the
elevated blood pressure into the capillary bed,
thus preventing endothelial destruction. Patients
with chronic hypertension usually develop arteri-
olar hypertrophy, which minimizes pressure
transmission into the capillaries. Accordingly, ma-
lignant hypertension is seen only when diastolic
BP goes above 130 mm Hg. However, en-
cephalopathy could occur in previously normo-
tensive patients if diastolic blood pressure were
to rise suddenly above 100 mm Hg, or in patients
in whom autoregulation may be disordered, such
as diabetics.

Slow onset of action and an inability to con-
trol the degree of BP reduction have limited the
use of oral antihypertensive agents in the therapy
of hypertensive crises, in postoperative patients,
or during endovascular procedures. They may,
however, be useful when there is no rapid access
to the parenteral medications described below.
Both sublingual nifedipine (10 mg) and sublin-
gual captopril (25 mg) can substantially lower the
BP within 10 to 30 minutes in many patients.16

As mentioned, the major risk with these drugs is
ischemic symptoms (eg, angina pectoris, myocar-
dial infarction, or stroke) due to an excessive and
uncontrolled hypotensive response.12 Thus, their
use should generally be avoided in the treatment
of hypertension unless more suitable and con-
trollable agents are not available.

Because of these considerations, parenteral
medications listed below will often be necessary.
For example, patients on: diuretics can receive in-
travenous furosemide or bumetanide; beta-block-
ers: propranolol, labetalol or esmalol; ACE in-
hibitors: enalaprilat; and calcium channel block-
ers nicardipine. All have a rapid onset, although
nitroprusside is the most immediate. There is cur-
rently no scientific data to recommend resuming
the same class of drug except in the case of beta-
blockers and clonidine, which should not be
stopped acutely. Accordingly, if another class of
drugs is more suitable or if rapid action is re-

quired, another class of drugs satisfying these re-
quirements can be used.

• Nitroprusside is an arteriolar and venous dila-
tor, given as an intravenous infusion with an
initial dose of 0.25 to 0.5 mg/kg per minute
titrated every 1–2 minutes to a maximum dose
of 8 to 10 mg/kg per minute. The maximal dose
of nitroprusside should not be used for more
than 10 minutes. Nitroprusside acts within sec-
onds and has a duration of action of only 2 to 5
minutes. Accordingly, hypotension can be easi-
ly reversed by temporarily discontinuing the in-
fusion, providing an advantage over the drugs
listed below. However, prolonged use can lead
to cyanide poisoning, particularly in patients
with renal insufficiency. This is usually mani-
fested as deterioration in mental condition, al-
tered mental status, and lactic acidosis. Another
disadvantage is that the medication is light sen-
sitive. It can be used in most hypertensive emer-
gencies and is especially suited to the postop-
erative patient. However, although during anes-
thesia it does not affect cerebral perfusion, in
the unanesthetized postoperative patient it can
increase intracranial pressure, causing a drop
in cerebral perfusion. This could be a disadvan-
tage in patients who have undergone carotid
endarterectomy (CEA). It should also not be
used without a concomitant beta-blocker in pa-
tients with aortic dissection because of its re-
flex stimulation of sympathetic tone, which will
increase myocardial contractility.17

• Nitroglycerin is a coronary vasodilator and di-
rect venodilator with variable arterial effects
given as an infusion of 5–200 µg/minute. The
usual starting dose is 5 µg/kg/minute titrated
at 5 µg/kg/minute increments every 3–5 min-
utes. Once the dose exceeds 20 µg/kg/minute,
increments can increase by >20 µg/kg/minute.
There is no absolute dosing limit, but the risk of
hypotension increases with doses above 200
µg/kg/minute.17 Like Nitroprusside, it has a
short duration of action (2–5 minutes) and its
duration of action is 3–5 minutes. Unlike
Nitroprusside, prolonged use is associated with
minimal toxicity, but it can lead to methemo-
globinemia and tolerance. It is especially indi-
cated in patients with coronary ischemia and as
such is a valuable medication in vascular pa-
tients who often have coexistent cardiac ather-
osclerosis. Headache and tachycardia are not
infrequent side effects.

• Nicardipine is a short acting dihydropyridine
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calcium channel blocker and acts as an arterio-
lar dilator. It is given as an intravenous infusion
with an initial dose of 5 mg/hr and a maximum
dose of 15 mg/hr with duration of action of 1–4
hours. Titration should be in 2-mg/hr incre-
ments adjusted every 15 minutes. It should be
avoided in patients with acute heart failure. It
also can raise intracranial pressure, so the same
precautions exist for the post-CEA patient. It is
light stable but has the slowest onset of the va-
sodilators (5–10 minutes).

• Fenoldopam is a peripheral dopamine-1 recep-
tor agonist given as an intravenous infusion
with an initial dose of 0.1 µg/kg per minute.
The dose is then titrated depending upon the
blood pressure response in 0.1 µg/kg/minute
increments at 15 minute intervals up to a max-
imal dose of 1.6 µg/kg/minute.17 Its onset usu-
ally occurs within 5–15 minutes and has a short
half life of 5 minutes. Like nitroprusside it can
cause reflex tachycardia and so should be used
with caution in patients with myocardial is-
chemia. It can be used in most emergencies but
should be used with caution in patients with
glaucoma. It has the added advantage of being
somewhat renal protective and therefore may
be well suited to patients who have borderline
renal function, in patients undergoing renal an-
gioplasty and/or stent placement, or in whom
aortic cross clamp was above the renal arteries.
Currently, it is one of the more expensive
agents.

• Hydralazine is a direct arteriolar vasodilator
that causes a rapid drop in blood pressure af-
fecting diastolic more than systolic pressures. It
can cause a profound increase in reflex tachy-
cardia and therefore is not a good choice for the
patient with cardiac disease or dissecting
aneurysm. It also raises intracranial pressure.
However, it can increase renal blood flow and
so may be advantageous in patients undergo-
ing renal angioplasty, stents or those who may
have undergone aortic cross clamp. It is given
as a slow intravenous bolus of 10–20 mg or in-
tramuscular dose of 10–50 mg. Onset is the
slowest of all these agents, occurring at 10–20
minutes with the intravenous route or 20–30
minutes with the intramuscular route. Duration
of action is 3–8 hours making infusion difficult
to manage, and so it is usually given as an orig-
inal bolus and then 2–3 mg boluses as neces-
sary.17 It is one of the least expensive agents.

• Enaliprilat is an angiotensin-converting enzyme

(ACE) inhibitor given intravenously at a dose
of 1.25 mg every 6 hours. There are no studies
showing that higher doses are more effective,
but regimens as high as 5 mg every 6 hr have
been used safely. It should also be noted that
ACE inhibitors are less effective in blacks and
also are associated with an increased incidence
of angioedema. It also has a slow onset of ac-
tion at 15–30 minutes and can cause a precipi-
tous fall in BP in high-renin states. It should be
avoided in patients with an acute myocardial
infarction (MI) but may be advantageous in pa-
tients with acute left ventricular failure.18 It
does not cause reflex tachycardia and does not
result in increased intracranial pressure.17

• Labetalol is an alpha- and beta-adrenergic
blocker given as an intravenous bolus or infu-
sion with a bolus of 20 mg initially, followed by
20 to 80 mg every 10 minutes to a total dose of
300 mg. Infusion is then maintained at 0.5 to 2
mg/minute. Onset of action occurs in 5 minutes
but duration of effect can vary excessively from
20 minutes to 23 hours making it difficult to
titrate as a continuous infusion. When given in-
travenously, the beta- to alpha-blocking ratio is
7:1.17 It should be avoided in patients with
acute heart failure. This beta-blocker should be
considered in patients who were on beta-block-
ers preoperatively but cannot take oral medica-
tions in the immediate postoperative period. It
should generally be avoided, however, in pa-
tients with significant history of asthma, con-
gestive heart failure or greater than first-degree
heart block. It has a minimal effect on cerebral
perfusion. Labetalol is the first line drug for the
prophylaxis of surgical hypertension.

• Esmolol is an ultra-short acting (2 minutes)
beta-blocker given first as a loading dose of
250–500 µg/kg/minute and then at a rate of 50
µg/kg/minute for 4 minutes. It has a short half
life of 9 minutes; so if blood pressure is not ad-
equately improved, the loading dose needs to
be repeated prior to increasing the infusion
dose to 10 µg/kg/minute. The maximal dose
should not exceed 300 µg/kg/minute. It has
been recommended for use in the perioperative
setting and is the first line drug for patients
with aortic dissection.18 It has a short half-life of
about 9 minutes. Like the other beta-blockers, it
should be used with caution in patients with
asthma. It also can interact with warfarin.

• Trimethaphan is a ganglion blocker, which has
been recommended for aortic dissections asso-
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ciated with hypertension. It is given at a dose of
0.5–5 mg/minute.

• Phentolamine, an alpha-adrenergic inhibitor, is
given in an intravenous dose of 5–15 mg IV. Its
primary use is in patients with pheochromocy-
toma.

• Loop diuretics should also be considered in pa-
tients who are not volume depleted and may
add to the efficacy of the above-listed medica-
tions.

Management of Hypertension in
the Immediate Preoperative Period
Despite the fact that it is now well recognized
that preoperative blood pressure control and the
use of beta-blockers reduce mortality, many pa-
tients still enter the operating or angiography
suite without the benefit of these medications or
with BP inadequately controlled. In a recent study
of 2,500 patients having carotid duplex scans in
this vascular laboratory, only 7% were nor-
motensive (<120/80 mm Hg).19 Certainly, blood
pressure elevation in many of these patients may
have been due to “white coat syndrome,” where-
by patients are usually normotensive but exhibit
elevated blood pressure only at times of stress
such as when being examined by their physician.
However, so too will many patients exhibit such
elevations before surgery or an endovascular pro-
cedure. The question then arises as to how to
manage patients who present the morning of
their procedure with elevated blood pressure?
Fleisher,20 in a review published in 2002, sug-
gested that elective vascular procedures be post-
poned if the blood pressure is >170/110 mm Hg,
or if the procedure is emergent, then a parenter-
al medication should be chosen to reduce the
blood pressure preoperatively. However, recently
Howell et al21 performed a systematic review and
meta-analysis of 30 observational studies and
demonstrated an odds ratio for the association
between hypertensive disease and perioperative
cardiac outcomes of 1.35 (1.17–1.56). This asso-
ciation was statistically but not clinically signifi-
cant. There was little evidence for an association
between admission arterial pressures of less than
180 mm Hg systolic or 110 mm Hg diastolic and
perioperative complications. The position was less
clear in patients with admission arterial pressures
above this level. Such patients are more prone to

perioperative ischemia, arrhythmias, and cardio-
vascular lability, but those authors claim that
there is no clear evidence that deferring anesthe-
sia and surgery in such patients reduces periop-
erative risk. They recommend that anesthesia and
surgery should not be cancelled on the grounds
of elevated preoperative arterial pressure.

Based on these two seminal papers, it is sug-
gested that rather than cancel surgery solely on
the basis of preoperative blood pressure, the vas-
cular surgeon and anesthesiologist should also
take into account evidence of existing target
organ damage, such as coronary artery disease.
However, caution should be exercised when the
systolic blood pressure exceeds 180 mm Hg or
the diastolic blood pressure is greater than 110
mm Hg.
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