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Abstract

Acute Postoperative Hypertension (APH) is one of the most common complications detected after surgery. It is a
condition associated to a great number of causes and a pathophysiology still unclear which recognizes a central role
in sympathetic activation. For these reasons, an ideal agent for treating APH does not exist, but we have to choose
the most appropriate therapeutic strategy based on the individual case. We have reviewed some of the most
important available treatments.
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Introduction
High blood pressure is one of the most common diseases in the

world's wide. It is estimated that, between 2009 and 2010, the
prevalence of arterial hypertension reached about 28.6% of the US
population over 18 years old [1]. Furthermore about 25% of patients in
treatment for arterial hypertension undergoing surgery have showed
perioperative complications [2]. In 2011 an EURO-Stat study revealed,
on a sample of 791 patients (mean age 69 years, 30% women), that
about 29% had hypertensive perioperative complications and of this
percentage, about 59% had a history of hypertension. Regarding the
surgery, 40% of the patients having complications were subjected to
cardiac surgery, while the remaining 60% are most distributed between
gastrointestinal (17%), orthopedic (11%) and vascular (9.2%) surgery
[3]. Among perioperative complications, acute postoperative
hypertension (APH) is the most frequent one. This complication has
an incidence ranging between 4 and 30%, both cardiac and non-
cardiac surgery. It is defined by values of Systolic Hypertension >190
mmHg with or without a Diastolic blood pressure ≥ 100 mmHg in, at
least, two consecutive measurements, reported in the post- surgery
time. The APH that occurs is manifested in the first 20 minutes of the
postoperative period and lasts an average of 3 hours [4]. If it is left
untreated, the APH is a major risk factor for adverse events such as
postoperative bleeding, cerebrovascular damage, myocardial ischemia,
arrhythmias, myocardial failure with congestive pulmonary edema,
breakup of vascular anastomoses.

Pathophysiology
The pathophysiologic mechanism underlying APH is depending by

patient’s general condition, surgery and anesthesia. The most common
APH risk factor, is a lack of preoperative intake of antihypertensive
drugs scheduled, in patients already suffering from chronic arterial
hypertension. Additional conditions favoring the hemodynamic
instability are: massive infusion of fluids in perioperative time and all
the conditions of physical stress generating an overactive Sympathetic
system (hypoxia, anxiety, pain, etc.) [4]. It is important to check each

one ofthe agents that may determine APH before starting a specific
drug therapy but this choice is in any case necessary in the case of
hypertensive emergency (coexistence of organ damage and critical
pressure rise). In this case, the therapeutic purpose must be a
reduction of mean arterial blood pressure by no more than 25%.
Another approach is to achieve a target of 10-15% reduction in
dyastolic blood pressure or a value of 110 mmHg of this parameter to
reach in 30-60 min. Whatever the cause, it seems that a central role is
represented by the activation of the sympathetic nervous system, as
evidenced by elevated plasma catecholamine concentrations in
patients with APH [5]. Sympathetic and parasympathetic nervous
system activity and/or vasopressin release are the major mechanisms
by which the CNS influences blood pressure. In this regard, current
antihypertensive agents mayact at the sites responsible for blood
pressure control in the CNS to decrease sympathetic outflow.
Sympathetic activation may lead to renin-angiotensin system
activation with the consequentially production of angiotensin II,
proinflammatory cytokines (as interleukin-6) and sodium retention.

The final result is a peripheral vasoconstriction with an increase in
afterload, SBP and DBP with or without tachycardia [6]. A severe
elevations of the blood pressure is involved in a mechanical stress with
endothelial injury. This increases endothelial permeability, actives the
coagulation cascade, the platelets and leads to deposition of fibrin. The
final result is a fibrinoid necrosis of the arterioles ensue generating a
new production of vasoactive mediators [7].

Therapy
To solve an APH, several pharmacological solutions turned out to

be efficient.

Alfa2- agonists: The hypotensive activity of this class of drugs, of
which the most represented are the clonidine and dexmedetomidine, is
developed through a reduction in the frequency and cardiac output
due to central inhibition of sympathetic tone and increased vagal
activity. This central mechanism also appears to be mediated by
agonist activity on receptors imidazoline I1 [8,9]. Such a central
effectresults in a better cardiovascular and endocrine response to
surgical stimulation and the laryngoscopy.
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Besides hypotension, this class of drugs is able to determine a
reduction of the FC and the consumption of oxygen, thereby obtaining
a cardioprotective action. In 1997, Taittonen [10] evaluated (as
comparing with placebo) clonidine and dexmedetomidine given
intramuscularly in pre-medication; reduce the value of the SAP of
approximately 11% and the DAP one of approximately 15%. Clonidine
also showed a hypotensive activity and heart rate-preserved even in the
postoperative period (mean time to surgery: 76.5 min for the group
associated with dexmedetomidine; 60 min. For the group associated
with clonidine). This difference is due to an increased half-life of
clonidine (about 8.5 h) compared with dexmedetomidine
(approximately 4 hours). The authors found a reduction of
Perioperative Oxygen Consumption (VO2), the Carbon Dioxide
Production (VCO2) and the Energy Expenditure (EE), which ismore
evident in the preoperative time. The SpO2 value showed no change
for both types of drugs [10].

Additional effects associated with these drugs are: sedation,
anxiolysis, reduction of the need for anesthetic agents during surgery,
analgesia (if administered parenterally, epidural or intrathecal) [5,11].
The development of dexmedetomidine has been of particular interest,
as it has a greater selectivity for the α2 adrenergic receptor (8-10 times
greater than clonidine) and, consequently, a reduced activity α1-AR
mediated and a low affinity for muscarinic, dopaminergic,
serotonergic and β-adrenergic receptors. The more selective α2-AR,
resulting in increased vagal activity and vasodilatation [7]. The most
frequently observed adverse reactions were hypotension, hypertension
and bradycardia. Particular care must be observed in the
administration of dexmedetomidine in geriatric patients [12].

Clonidine
Dosage: 150 µg

Onset: 30 min.

Duration: 4-6 h

Fenoldopam

This drug acts as a dopamine receptor agonist d-1. Its hypotensive
action is determined by the vasodilatation of the renal arteries and by a
direct action on the distal tubules, with inhibition of sodium
reabsorption and an increase of its excretion [13]. Its activity on the
renal excretion, makes it particularly useful in the treatment of
patients with dysfunction of this body.

The most important adverse reactions are represented by reflex
tachycardia and increased intraocular pressure, you must therefore
avoid administration to patients suffering from myocardial ischemia,
intra cranial hypertension and glaucoma [8].

Fenoldopam
Dosage: Initially 0.1 μg/kg/min, titrate by 0.05-0.1 μg/kg/min every

15 min to maximum of 1.6 μg/kg/min.

Onset: 5 min

Duration: 30-60 min

Clevidipine
The clevidipine is a dihydropyridinic calcium channel blocker of

the acting as selective arteriolar vasodilator, consequently it has not
activity on preload. Peripheral resistances are reduced through the

block of the L-type calcium channels and the consequent relaxation of
smooth muscle cells of the arteriolar wall. Its very short half-life (about
1 minute) associated with a duration of action ranging from 5 to 15
minutes is particularly important, which allows tight control by the
operator. The clevidipine is metabolized by esterases of RBCs, allowing
safe use in patients with liver disease. Patients with a known
hypersensitivity to eggs or soya, however, cannot take this medicine
[9]. In addition to lowering blood pressure, the clevidipine increases
coronary blood flow, stroke volume and cardiac output. It turns out to
be effective in treating patients suffering from kidney disease and, at
least in animal models, to protect against the risk of myocardial
ischemia and reperfusion injury.

The study ECLIPSE, published in 2008, evaluating the outcomes of
1512 patients undergoing cardiac surgery and treated for APH;
showed a reduction in mortality in the group treated with clevidipine
than the group treated with nitroprusside. Proved a more effective
therapeutical effect than both nitroprusside that nitroglycerin [1].
Another trial published in the same year, called ESCAPE-2, showed as
Clevidipine rappresent a safe drug in treatment of acute postoperative
hypertension after cardiac surgery (91.8% of treatment success rate on
110 patients, without clinically significant increase in heart rate from
baseline neither significant complications) [14]. In the 2010 the
VELOCITY trial, a study enrolled 126 patients (of which 19 affected by
acute heart failure) with systolic blood pressure > 180 mmHg; showed
the efficacy and safely of Clevidipine in the treatment of patients with
severe hypertension and acute heart failure [15].

Clevidipine
Dosage: Initially 2 mg/h, doubled every 3 min; not to exceed 132

mg/h

Onset: 2-4 min

Duration: 5-15 min

Nicardipine
The Nicardipine is a calcium channel blocker of the second

generation of the dihydropyridinic type. It is able to reduce blood
pressure through a mechanism of peripheral, coronary and
cerebralvasodilation. In this way it is able to reduce the damage from
myocardial and cerebral ischaemia. In particular, the choice of
Nicardipine is particularly useful in the treatment of ischemic stroke
associated with a diastolic blood pressure greater than 120 mmHg
and / or a systolic blood pressure greater than 220 mmHg. It has no
effect on the frequency and determines an increase of cardiac output
[15]. The CLUE trial, a multicenter randomized clinical trial, enrolled
226 patients with systolic blood pressure of 180 mmHg or more on
two consecutive readings, Nicardipine reached more often the target
range than Labetalol (expecially within 30 minutes) with less effect on
the heart rate [12]. In a RCT study conducted on 40 patients,
published in 2015, Bebawy [2] demonstrated the superiority of
Nicardipine (success rate of 95%) compared to Esmololo (success rate
of 45%), in the management of Postcraniotomy Emergence
Hypertension (PCEH). In general, their results, agree with the
hypothesis that the nicardipine-mediated vasodilation in the cerebral
circulation, does not have a significant clinical impact reguarding
itsadvantageous effects [2]. The duration of action of Nicardipine is
initially short (10-15 min.). But its half-life increases significantly after
24h.
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Nicardipine
Dosage: Initially 5 mg/h, increase to 2.5 mg/h every 5 min to

maximum of 15 mg/h

Onset: 5-15 min

Duration: 4-6 h

Esmolol
It is a drug belonging to the class of β-blockers, and it is

characterized by its selective action on adrenergic cardiac β1. Its
duration of action is very short (<30 minutes after prolonged
continuous infusion), being determined by non-specific plasma
esterases. It can therefore be used with extreme maneuverability and it
is not contraindicated in the presence of liver or kidney diseases,
presenting instead a prolongation of action in patients with anemia.
On a clinical level, the Esmolol has a chronotropic and inotropic
negative effect, with the result of reducing the atrial pressure and
cardiac output. Its use is contraindicated in patients with chronic
obstructive pulmonary disease, asthma, bradycardia, patients taking
other β-blockers and patients with heart failure.

Esmolol
Dosage: 500-1,000 μg/kg loading bolus within 1 min, infusion at 50

μg/kg/min, increasing by 25 μg/kg/min every 10-20 min to maximum
of 300 μg/kg/min

Onset: 60 s

Duration: 10-20 min

Labetalol
It is a selective α1- and a non-selective β-adrenergic blocker at the

same time. It is metabolized by the liver and it has a duration of action
of up to four hours that justifies the difficulty to titrate labetalol as a
continuous infusion. However, bolus injections of 1–2 mg/kg should
be avoided as they produce sharp decreases in blood pressure [13,15].
Labetalol reduces systemic vascular resistance maintaining cerebral,
renal, and coronary blood flow and the cardiac output, but heart rate
may decrease due to its β-blocking effects. Labetalol should not be
used in patients with severe sinus bradycardia, asthma, and heart
blocks, but it is reported safely for patients undergoing to vascular,
cardiac and intracranial surgical procedures [4]. In addition, labetalol
can be safely administered during pregnancy [9].

Labetalol
Dosage: 20-mg initial bolus, 20–80-mg repeat boluses

Onset: 2-5 min

Duration: 6 h

Nitroglycerin
It is a potent venodilator that determines a hypotensive effect

through the reduction in preload and cardiac output.  An arterial effect
is possible only at high doses. For this, nitroglycerin causes a reduction
in left ventricular end-diastolic volume and pressure and reduces
myocardial oxygen demand. Therefore, also thanks to an effect of
coronary arteries dilatation, it is recommended for patients affected by
hypertension associated with acute coronary insuficiency and it is not

recommended for use in volume-depleted patients, or in those in
whom cardiac output is preload dependent. It is also very useful in
case of acute pulmonary oedema, but, in other conditions it is not
recommended as a single primary blood pressure control agent due to
its unpredictability to reduce blood pressure, the induction of a reflex
tachycardia exacerbated by volume depletion, the early onset of
tachyphylaxis (about 4 hours) and the formation of
methemoglobinaemia after a prolonged use [6,16].

Nitroglycerin
Dosage: 5 μg/min, titrated by 5 μg/min every 5-10 min to maximum

of 60 μg/min

Onset: 2-5 min

Duration: 3-5 min

Conclusion
The postoperative hypertension is a frequent complication that

recognizes a multifactorialgenesis. Precisely for this reason, there is
not a drug able to ensure all the features necessary to treat quickly and
safely all forms of hypertension on any type of patient. Each drug
should be chosen as close as possible to the patient characteristics, pre-
existing pathology and surgery.
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