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Abstract: To investigate the efficiency and safety of (β+α)-adrenoblocker esmolol for postoperative arterial hypertention (PAH) in 
patients with ischemic heart disease. The study included 25 patients (45-65 years, mean age 51.5 ± 7.3) who underwent coronary 
artery bypass grafting surgery with continuous blood purification (CPB). PAH developed during first post-op hours, all patients were 
ventilated with 2-4 scale sedation by RASS. All patients had arterial hypertension and were on constant therapy. Esmolol was 
administered IV push 20 mg within a minute. When required, injection was repeated in 5 min until full required effect. Maximum 
dose was 100 mg. For intraoperative treatment of hypertension 80 mg bolus within 30 sec was injected followed by 150 mg/kg/min 
infusion when required. Post-op dosage was administered similarly. Esmolol treatment was efficient in 82.6% of cases. Most 
frequent target AH was achieved using up to 40 and 60 mg in 20% and 36.9% of cases accordingly. Antihypertension effect 
maintained within 24 hours after injection. Esmolol cause moderate reduction of heart rate (4-7%), making it possible to use in case 
of hypertension without tachycardia. It is well tolerated and safe as no side effects were observed. The study showed high efficiency 
and safety of using esmolol to manage post-op arterial hypertension in cardiac surgery patients. 
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1. Introduction 

Post-op arterial hypertension (PAH) patients in ICU 

are a serious challenge, leading to different, including 

fatal complications. The ECLIPSE study showed that 

the level of arterial blood pressure elevation and the 

duration of post-op hypertension (AH) in cardiac 

surgery patients are closely related to hospital 

mortality [1]. The Eurostat study of 2011 with 790 

patients after different surgical interventions showed 

that in average 29% had PAH, at that, 59% had 

hypertonic disease. Most frequently this complication 

(up to 40%) was noted after cardiac surgery 

procedures, while remaining 60% are distributed 

among abdominal, orthopedic and vascular surgeries 

[2]. According to literature [3], 25% patients with AH 

showed elevated AH after surgery. It is proven, that 

even in patients with normal arterial pressure, during 

anesthesia BP may raise up to 20-40 mmHg and heart 
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rate may raise (HR) up to 15-25 bpm. Patients with 

untreated AH anesthesia causes even more apparent 

BP elevation. High and non-manage able AH during 

surgery and/or post-op leads to the danger of severe 

cardio-vascular complication and lethal out comes [4, 

5]. Mostly elevation of BP is observed in aorta, 

carotid or peripheric arteries, abdominal or thoracal 

surgeries. According to Guidelines of European 

Arterial Hypertension Society and European Society 

of Cardiologists, post-op hypertension management 

principles in most cases are the same as those 

recommended in management of hypertensive 

emergency [6, 7]. Given this, the main requirement 

with regards to hypertension medications are the fast 

action and manifestation of maximal therapeutic effect 

(preferably short-term action medications), possibility 

for dose titration, and low level of side effects [8]. As 

in most cases patients on ventilation, preference is 

given to IV medications. Currently anesthesiologists 

have a wide range of hypotensive medications, 

however, most of them, besides the main actions, have 
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a number of side effects or do not provide for optimal 

level of BP reduction. 

Objective of the study: To investigate the efficiency 

and safety of (β+α)-adrenoblocker Esmolol in post-op 

arterial hypertension (PAH) in cardiac surgery 

patients. 

Goals of the study: 1. Clinical assessment of 

anti-hypertensive effect of Esmolol based on: — 

reduction of BP in absolute terms — need or not in 

administration of additional hypotensive medications. 

2. Assessment of safety of usage of Esmolol based 

onfrequency of side effects of cardio-vascular system 

(hypotonia, bradycardia, AV block, Hiss bundle block, 

supraventricular and ventricular arrhythmias, 

myocardia contraction disorder); prevalence of 

allergic reaction and bronchial spasms; prevalence of 

other side effects. 

2. Methods 

The study enrolled 30 patients of 45-78 years of age 

(mean age 60.5 ± 7.3 years) after cardiac surgery with 

and without CPB. Patient distribution was based on 

surgery, sex, age and efficiency of different doses of 

the medication, as shown in Table 1. 

PAH developed in early post-op hours and all 

patients were on ventilation with RASS sedation score 

2-4. All patients had hypertension in history and were 

on constant hypertensive therapy before surgery. 

Volumetric status was adequately managed before 

surgery. Esmolol was administered Ivbolus at 20 mg 

(2 ml of 1% solution, containing 10 mg/ml) within a 

minute. When needed, reinjection was made every 5 

min. until complete effect. Maximal used dose was100 

mg (10 ml of 1% solution). Hemodynamic parameters 

were registered by CARESCAPE Monitor B650 bed 

side monitors. BP was taken by direct method via 

radial artery catheter. BP and HR were recorded 

before administration and every 5 min after the 

injection during first 60 min and then further in 12 and 

24 hours. ECG in 12 standard leads was recorded at 

the beginning, in 30 min, 1, 12 and 24 hours after 

therapy.  

Statistical analysis of data was made using 

Statistica 6.0 for Windows software. Results are 

presented as mean value and standard deviation of 

mean value. While reviewing data fluctuation for 

analyzed parameters the criteria was applied for 

dependable samples. Changes were considered 

significant when comparison was comparable with BP 

and HR parameters. 

Inclusion criteria: Patients with post-op arterial 

hypertension; age of patients older 18 years; male and 

non-pregnant women (non breastfeeding). Exclusion 

criteria: hypersensitivity to Esmolol; bradycardia, AV 

block I—III degree, decompensated chronic cardiac 

failure, cardiogenic shock, chronic pulmonary 

obstructive disease (CPOD), bronchial asthma, 

parallel MAO administration; continued post-op 

bleeding (hemorrhagic fluid drained more than 1.5 

ml/kg/min); hypovolemia. 

3. Results and Discussion 

Picture reflects the distribution of patients depending 

on Esmolol effect. To reach the target BP level 
 

Table 1  BP and HR dynamics during first post-op day. 

Parameter Number of patients (n = 30) 

Age (years) 60.5 ± 7.3 

Weight (kg) 65.9 ± 11.8 

Arterial hypertension, abs. (%) 29 (96.7) 

Myocardial revascularization, abs. (%) 10 (33.3) 

Concomitant valvular surgery, abs. (%) 6 (20) 

Aorta and its brunches surgery, abs. (%) 3 (10) 

Complex surgeries, abs. (%) 11 (36.7) 

Ischemic time, min  93 ± 61.9 
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administration of medication was as follows: 20 mg 

— 2 (6.7%) patients; 40 mg — 6 (20%); 60 mg — 11 

(36.7%); 80 mg — 3 (10%); 100 mg — 3 (10%). In 5 

(16.6%) cases the maximum dose of 100 mg had no 

effect, leading to the need of administration of 

medications of other groups, namely, calcium channel 

blocker Niphedipine was administered at 0.3-0.5 mg/h. 

Starting level of BP in patients was 169 ± 2 mmHg, 

diastolic BP (DBP) — 94 ± 2 mmHg. Maximum 

hypotensive effect was noted in 60 min after 

administration, when SBP was 135±3 mmHg, which 

is 21% lower than the initial level. For DBP it was 78 

± 2 mmHg and 17%. SBP and DBP reduction was 

significant in 1 hour, as well as in 12 and 24 hours 

since first injection. By the end of first day SBP and 

DBP reduced by 28 and 25% respectively from initial 

level (Table 2). Reduction of HR in early post-op 

period was in significant (76.1 ± 1.7 bpm in 60 min 

after first injection compare to initial value 79.3 ± 1.7 

bpm), however, statistically significant (p = 0.0187). 

In 12 and 24 hours after the last injection the HR was 

73.9 ± 1.9 and 73.5 ± 1.7 bpm accordingly, which also 

manifested statistically significant different with 

initial values (p = 0.002 and p = 0.0009 accordingly) 

(see table 2). 

After injection of the medication SBP went down 

21%, DBP (17%), HR (4%). In 12 hours these 

parameters were below initial by 27, 24 and 7% 

accordingly, in 24 hours by 28, 25 and 7% 

accordingly (see table 2). Thus, after administration of 

titrated and adjusted effective dose after 

administration of an effective titrated dose, the drug 

ensured a persistent BP reduction for 24 h with a 

moderate negative chronotropic effect. No adverse 

events associated with the drug administration were 

reported in any patient. 

Postoperative arterial hypertension is an acute, 

temporary increase in BP that develops within 30-90 

min after surgery, usually lasts from 4 to 8 h after 

surgery and is characterized by an increase in BP over 

160 mmHg or BP over 90 mmHg. [9]. PAH can be 

due to anxiety (especially at the end of general 

anesthesia), pain syndrome, bladder distension, 

postoperative tremor or increased sympathetic tone 

due to the use of artificial circulation, which in turn 

leads to neuroendocrine system activation, increased 

plasma levels of noradrenaline, adrenaline, 

angiotensin II and vasopressin [10]. Intra- and 

extravascular fluid volume abnormalities arising 

during and after surgery create additional conditions 

that aggravate and maintain PAH. Also during 

surgical interventions an imbalance between 

fibrinolytic and prothrombotic factors can occur, in 

particular, the increase of fibrinogen and other 

procoagulants. This contributes to platelet activation 

and aggregation and can initiate thrombosis with 

probable thrombosis of coronary artery shunts, 

development of myocardial infarction and heart failure 

[11]. Postoperative arterial hypertension increases pre- 

and post- cardiac workload and increases the risk of 

bleeding from vascular anastomoses. Such bleeding 

can cause blood loss incompatible with life [12, 13]. 

To control arterial hypertension in patients undergoing 

cardiac surgery, the following drugs are most 

commonly used: nitrates (nitroglycerin and sodium 

nitroprusside), calcium antagonists (nifedipine, 

nicardipine and clavidipine), β-adrenoblockers 

(esmolol or betaloc), α- and β-adrenoblocker labetalol, 

and selective α1 -adrenoblocker urapidil. 

Sodium nitroprusside, which is an active arterial 

and venous vasodilator, remains one of the main drugs 

for relief of complicated hypertensive crises. When 
 

Table 2  BP and HR dynamics during first post-op day. 

Parameter Starting In 1 h In 12 h In 24 h 

SBP, mmHg 169.2 ± 2 134.2 ± 2.7 (21%) 123.9 ± 1.8 (27%) 121.8 ± 1.9 (28%) 

DBP, mmHg 93.6 ± 2.5 77.7 ± 2.1 (17%) 71.2 ± 1.6 (24%) 69.9 ± 2.3 (25%) 

HR, mmHg 79.3 ± 1.7 76.1 ± 1.7 (4%) 73.9 ± 1.8 (7%) 73.6 ± 1.7 (7%) 
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administered intravenously, the effect occurs in a few 

seconds and disappears within 3-5 min after stopping 

the infusion, which allows for good control of BP and 

the risk of hypertension. The main undesirable effects 

of sodium nitroprusside include recurrent AH after 

discontinuation of the infusion and cyanide formation 

on its catabolic pathway.  

In patients with arterial hypertension and coronary 

heart disease (unstable angina, coronary artery bypass 

grafting, myocardial infarction) nitroglycerin is 

preferable to sodium nitroprusside due to the fact that 

along with antihypertensive effect it also has a 

pronounced antianginal action. However, in patients 

with coronary heart disease (CHD) a more careful 

monitoring of BP is necessary, because a significant 

decrease of BP can increase the degree of myocardial 

ischemia. The drug causes dilatation of the venous bed 

and the development of nitroglycerin tolerance is 

possible with prolonged continuous infusion (more 

than 24-48 h). The β-adrenoblocker esmolol is 

convenient for PAH management in cardiac surgery 

patients due to its high controllability. It has fast 

(within 60-120 s) and short (10-20 min) effect, and 

can be used as a continuous infusion [14, 15]. The 

drug can be used in liver or kidney diseases. Esmolol 

has negative inotropic and chronotropic effects, which 

leads to decreased cardiac output. Its use is 

contraindicated in patients with chronic obstructive 

pulmonary disease, bronchial asthma, bradycardia, 

while taking other β-blockers and in patients with 

heart failure. The cardioselective β1-adrenoblocker 

metoprolol has antihypertensive, antianginal, and 

antiarrhythmic effects. Antihypertensive efficacy and 

safety of metoprolol have also been studied in a 

number of Russian studies [16], where the 

antihypertensive effect of metoprolol was evaluated in 

patients with AH of the 2-3rd degree with true 

polycythemia. Treatment with metoprolol reduced 

mean daily SBP and DBP by 17.4 and 13.2%, 

respectively (with good tolerability of the drug). It 

should be noted that isolated blockade of 

β1-adrenoreceptors is often insufficient to treat PAH. 

The β-adrenoreceptor agonist clonidine has not been 

widely used to stop PAH in cardiac surgery patients 

due to the unpredictability of its hypotensive effect 

and the possibility of developing a withdrawal 

syndrome with arterial hypertension that is difficult to 

control. The main indication for α2 -agonist 

dexmedetomidine is sedation, and therefore it is the 

drug of choice for AH arising against the background 

of emotional reactions, agitation and delirium [16]. 

Hypotensive effect is also provided by decreased heart 

rate and cardiac output due to central inhibition of 

sympathetic tone and increased vagus activity. This 

central mechanism also appears to be mediated by 

agonist activity at imidazoline I1 receptors [16, 17]. 

The most frequently observed adverse reactions are 

hypotension and bradycardia. Particular caution 

should be exercised when administering 

dexmedetomidine in geriatric patients [18]. Urapidil is 

a peripheral postsynaptic α1-adrenoreceptor 

antagonist with a central agonist effect on serotonin 

5-HT1A receptors. In a study conducted by J. van der 

Stroom et al. [5, 19], urapidil was effective in 

controlling AH after myocardial revascularization, but 

1/3 patients who received urapidil developed 

hypotension after 60 min of continuous infusion. 

Nifedipine has proven to be an effective treatment for 

angina and arterial hypertension. It has vasodilatory, 

antianginal and hypotensive effects [12]. However, its 

use is limited by side effects: tachycardia, arrhythmias, 

excessive blood pressure decrease, cerebral 

hypoperfusion, hepatic and renal dysfunction, 

deterioration of peripheral blood flow parameters, etc. 

The intravenous form of nifedipine contains ethanol, 

which requires special caution when using it [20]. 

Previously, we conducted a comparative study of 

calcium antagonists isradipine and nifedipine, which 

demonstrated the benefits of isradipine in patients 

with PAH after myocardial revascularization [20]. The 

drug has a rapid effect (in 5-10 min), is easily 

manageable and does not lead to repeated episodes of 
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hypertension. Hypotensive effect of nifedipine with its 

continuous infusion in most patients was observed 

only after 30 min, and its achievement required doses 

5-7 times higher than recommended (on average, 19.8 

mg/3 h), which was accompanied by marked side 

effects in the form of heart rhythm and conduction 

disorders. The therapeutic effect decreased sharply 

when switching to maintenance doses, and in 50% of 

cases there were repeated episodes of hypertension. 

Labetalol, similar to esmolol in mechanism of action, 

is both a selective α1- and a nonselective β-adrenergic 

blocker. It is metabolized by the liver and has duration 

of action of up to 4 h, so the drug is used as a 

continuous infusion. Bolus injections of 1-2 mg/kg 

can lead to a rapid decrease in BP [14, 15]. Labetalol 

should not be used in patients with sinus bradycardia, 

bronchial asthma and heart rhythm disturbances [21]. 

Our study showed that esmolol, which has combined 

β- and α-adrenoblocking effects, can effectively 

control arterial hypertension in the postoperative 

period in cardiac surgery patients. The doses of 40 and 

60 mg proved to be the most effective as the target BP 

level was reached in 20 and 36.7% of patients, 

respectively. After administration of 20 mg the effect 

was obtained in 6.7% of patients, 80 mg - in 10%, and 

100 mg - in 10% of patients, respectively. Treatment 

with esmolol was effective in 83.4% of cases. In case 

of insufficient BP reduction after the maximum dose 

of 100 mg, in 5 (16.6%) patients the AH was stopped 

by additional nifedipine administration, and its dose 

was significantly lower compared to that used for 

monotherapy with this drug [22]. The antihypertensive 

effect of esmolol persisted for 24 h after its 

administration. In the study series, good tolerability of 

the drug was noted, as evidenced by the absence of 

side effects, which is a confirmation of its safety. It is 

important to note that when prescribing esmolol we 

excluded patients with hypovolemia, bradycardia and 

cardiac conduction disturbances. These results are 

confirmed by numerous domestic studies of the drug. 

For example, the first open randomized multicenter 

comparative study ALBATROS evaluated the efficacy 

of IV administration of esmolol and enalapril in 

patients with uncomplicated hypertensive crisis [23, 

24]. Eleven clinical centers in the Russian Federation 

participated in the study. It was demonstrated that 

both drugs significantly reduced systolic and diastolic 

BP. In addition, the method of titrating the dose of 

esmolol from 10 to 70 mg was found to effectively 

stop uncomplicated hypertensive episodes in 90% of 

patients [22, 23]. In a similar study of 83 patients with 

hypertensive crisis treated by Moscow ambulance 

crews, esmolol was proven effective both in 

uncomplicated hypertensive crisis and in the most 

frequent complications of the crisis, such as acute 

cerebral circulation disorder, acute coronary syndrome, 

and various tachyarrhythmias [24]. 

4. Conclusions 

The use of (β+α)-adrenoblocker esmolol for relief 

of postoperative arterial hypertension in cardiac 

surgery patients provides a significant decrease of 

SBP (by 22%) and DBP (by 17%). The target BP level 

is maintained for 24 hours. Esmolol has a moderate 

negative chronotropic effect (4-7% decrease of HR), 

which allows using it in therapy of patients with 

arterial hypertension not accompanied by tachycardia. 

When administering esmolol intravenously to patients 

with arterial hypertension, it is important to adhere to 

the principle of titration, which allows selecting an 

effective and safe individual dose of the drug. The 

most effective doses are 40 and 60 mg, allowing 

reaching the target BP level in 20 and 36.7%, 

respectively. After administering 20 mg the effect was 

obtained in 6.7% of patients, 80 mg in 10% and 100 

mg in 10% of patients. In case of insufficient BP 

reduction after administration of 100 mg esmolol, 

which was observed in 16.6% of patients, the target 

BP level can be achieved by using other hypertensive 

drugs. Dynamic control of ECG and basic 

hemodynamic parameters during the use of 

intravenous form of esmolol allows optimal and 
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smooth reduction of BP, preventing the development 

of undesirable effects. The drug is well tolerated by 

patients, characterized by the absence of side effects, 

which indicates its safety. 
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