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Use of esmolol to treat postoperative arterial
hypertension in patients with ischemic heart disease

S. Musayev
EGE Hospital, Baku, Azerbaijan

The objective: to evaluation of the efficacy and safety of B-adrenoblocker esmolol to treat postoperative arterial hyperten-
sion (PAH) in patients with ischemic heart disease.

Materials and methods. The study included 30 patients (45—78 years, mean age — 60.5 + 17.3 years) who underwent coro-
nary artery bypass grafting surgery with continuous blood purification. PAH developed during the first post-operative
hours, and all patients were ventilated under sedation with a RASS (Richmond Agitation-Sedation Scale) score 2—4. All
patients had arterial hypertension and were on constant antihypertensive therapy. Esmolol was administered intravenous-
ly as a bolus push 20 mg within a minute. When required, injection was repeated in 5 minutes until full required effect.
For intraoperative treatment of hypertension 80 mg bolus within 30 seconds was injected followed by 150 mg/kg/min
infusion when required. Postoperative dosage was administered similarly.

Results. Esmolol treatment was efficient in 82.6% of cases. Most often, the target level of arterial pressure was
achieved at doses of 40 and 60 mg in 20% and 36.7% of cases, respectively. Antihypertensive effect maintained within
24 hours after injection. Esmolol caused moderate reduction of heart rate (by 4—7%), making it possible to use in case
of hypertension without tachycardia. The drug was well tolerated and demonstrated a favorable safety profile with no
side observed effects.

Conclusions. Use of esmolol demonstrated high efficacy and safety in management of PAH in cardiac surgery patients.
Keywords: postoperative arterial hypertension, ischemic heart disease, esmolol.

3acTocyBaHHSl ecMOonony AJif liKkyBaHHSA nicnsonepauinHoi apTepianbHOI rinepTeH3ii y nawieHTiB
3 ilmemMivyHol0 XBOpOOOIO cepus
S. Musayev

Mema docnidscenns: olinuTH eDEeKTUBHICTH 1 Ge3nedHicTh B-aapeHobI0KaTOpa €CMOJIONY ISt JIIKYBAHHST THCsIonepartiitHol
aprepianbHoi rineprensii (ITAT) y namientis 3 imeMiuHo0 XBOPoOOIO ceplis.

Mamepiaau ma memoou. Y nocripxenns priaodeno 30 naiienris (Bikom 45—78 pokis, cepenniii Bik — 60,5 = 17,3 poky),
SIKMM GYJIO TIPOBEIEHO a0PTO-KOPOHAPHE MIYHTYBAHHS 3 BUKOPHCTAHHSIM INTYYHOTO KpoBooOiry. I[TAT posBumysacst B mepiiri
TOJIMHM TTiCIst onepaltii. Yei narientn nepefyBajin Ha IITYYHIT BEeHTUIIAIT Jlerenb 13 ceparieio 3a mkanoio RASS (Richmond
Agitation-Sedation Scale) Ha piBHi 2—4. Y BCiX HAII€HTIB IaTHOCTOBAHO apTepPiaibHy IilePTEH3II0, | BOHU OTPUMYBAJIM TIOCTIli-
Hy aHTUTINepPTEeH3UBHY Tepariio. EcMosIos yBoanam BHYTPIIIHBOBEHHO 60JI0cHO 1Mo 20 MT mpoTsarom 1 xB. Y pasi HeoOXigHoCTI
iH €KI1i10 TOBTOPIOBAIN Yepes3 5 XB J10 IOCATHEHHS HeoOXiaHoro edexTy. Jlyist iHTpaoiepaiiiiHoro KOHTPOJIO apTepiaibHOTO THUC-
Ky BBOAMIIM Gosmtoc 80 Mr mporsirom 30 ¢; Tmic/ist 1bOro, KO0 BUHUKaKA noTpeba, iHdysiiino npusnadamu 1o3y 150 mr/Kr/xs.
[Ticastonepartitine 103yBanHs 3/IICHIOBATN 32 AHAJIOTIYHOIO CXEMOIO.

Pesyavmamu. JlikyBaHHst ecMOJIOJIOM BusiBUJIocst eekTuBHNM Y 82,6% Bunaskis. Haituacriiie 11iib0OBOTO PiBHS apTepiasib-
HOTO TUCKY jocsirainu 1pu po3ax 40 ta 60 mry 20% ta 36,7% Bunajaxis BiamnoBigHo. AHTurinepreHsuBHuil eexr 36epiraBest
npoTsAroM 24 To micas in’ekiii. EcMoon cripudnHsB moMipHe 3HIDKEHHST YaCTOTH CepIieBUX CKopoueHb (Ha 4—7%), 1o 10-
3BOJISLIIO 3aCTOCOBYBATU MOro TIpu TinepreHsii 6e3 cyryTHboi Taxikapzuii. IIpenapar mobpe 1epeHocuBest, 100iuHUX eheKTiB
He 3agikcoBaHo.

Bucnogxu. 3acTocyBaHHS CMOJIOJY MOKA3aI0 BUCOKY e(eKTUBHICTD i 6esmeunicTs y jikyBanmi ITAT y mamienTiB Kapaioxi-
pypriunoro mpodiso.

Knmouosi caosa: nicisonepayiiing apmepianrvia 2inepmensis, emiuna x6opooa cepuys, eCMOoJO.L.

Postoperative arterial hypertension (PAH) remains
a major problem after cardiac surgery, particularly
among patients with coronary artery disease. PAH signifi-
cantly increases the risk of life-threatening complications,
including mortality. The results of the ECLIPSE study
demonstrated a strong correlation between the severity
and duration of elevated blood pressure (BP) following
cardiac surgery with the likelihood of in-hospital morta-
lity [1]. A 2011 Eurostat analysis involving 790 patients
undergoing various surgical procedures found that ap-
proximately 29% developed PAH in the postoperative pe-

riod. Of these patients, with 59% of those patients having
a previous history of chronic hypertension. Notably, PAH
was most commonly observed after cardiac surgery (up
to 40% of cases), while the remaining cases were reported
after abdominal, orthopedic and vascular surgeries [2].
According to the results of a number of studies published
in the available literature [3], approximately one-quarter
of patients with previous arterial hypertension experi-
ence a postoperative increase in BP. Moreover, even in
people with previously normal BP, intraoperative cardiac
changes in the form of an increase in systolic pressure
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by 20-40 mmHg and an increase in heart rate (HR) by
15-25 beats per minute (bpm) may be observed during
anesthesia. These changes are even more pronounced in
patients with untreated uncontrolled hypertension in the
preoperative period. It is obvious that uncontrolled hy-
pertensive episodes occurring during or after surgical pro-
cedures significantly increase the risk of cardiovascular
complications and mortality [4, 5]. According to the cur-
rent guidelines of the European Society of Hypertension
and the European Society of Cardiology, the therapeu-
tic approach to the treatment of PAH largely reflects the
strategies for the treatment of hypertensive crises [6, 7].
Given that a significant proportion of postoperative pa-
tients are on mechanical ventilation, intravenous drugs
are generally preferred over other routes of administra-
tion. From this perspective, antihypertensive agents
should ideally act and provide maximum effect within a
short period of time. In addition, it is important to pro-
vide rapid dose titration with minimal side effects [8]. Al-
though modern anesthesiology has at its disposal various
pharmacological options for controlling elevated posto-
perative BP, it cannot be emphasized enough that many
drugs have limitations due to lack of sufficient effective-
ness or occurrence of undesirable side effects.

In light of these issues, our study aimed to evaluate the
efficacy and safety of esmolol, a short-acting f1-adrenergic
receptor blocker, for the control of PAH in patients after
cardiac surgery.

The objective of the study was to evaluate the clini-
cal efficacy of esmolol in reducing systolic and diastolic
BP and in minimizing the need for additional antihy-
pertensive therapy, and to evaluate the safety profile of
esmolol, paying particular attention to the incidence of
cardiovascular adverse events (including hypotension,
bradycardia, atrioventricular conduction abnormalities,
bundle branch block, supraventricular and ventricular
arrhythmias, and myocardial contractility disorders), al-
lergic reactions, bronchospasm, and other non-cardiac
adverse events.

MATERIALS AND METHODS

The study included 30 patients (age range 45—78 years;
mean age 60.5 = 17.3 years) in the postoperative period
after cardiac surgery with and without artificial circula-
tion. Patients distribution depending on the type of sur-
gery, gender, age, and the effectiveness of different doses of
esmolol, is shown in Table 1.

According to our observations, all patients developed
hypertension in the early post-op period while they re-
mained on mechanical ventilation and sedation, with a
Richmond Agitation-Sedation Scale (RASS) score of 2
to 4. Each patient had a documented history of chronic
hypertension and had been receiving continuous anti-
hypertensive treatment before surgery, which included
ACE (Angiotensin-converting enzyme) inhibitors, diu-
retics, and calcium channel blockers. Preoperative fluid
balance was adequately optimized to ensure adequate
intravascular volume status. Esmolol was administered
intravenously in an initial bolus dose of 20 mg (equiva-
lent to 2 mL of a 1% solution with a concentration of
10 mg/mL) over one minute. If necessary, repeated bo-
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Table 1
Patient distribution by type of surgery and ischemic time

Number of patients

Parameters (n=30)
Age, years 60.5+17.3
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 93.0+61.9

lus injections were administered at five-minute intervals
until a satisfactory therapeutic effect was achieved. The
maximum cumulative administered dose did not exceed
100 mg (10 mL of a 1% solution).

Hemodynamic monitoring was performed using bed-
side CARESCAPE Monitor B650 systems (GE Health-
care, USA). BP measurements were taken invasively via
radial artery catheter. The parameters required for the
study: BP, as well as HR were documented before and
after esmolol administration at five-minute intervals for
the first 60 minutes. Additional measurements were taken
at 12 and 24 hours after the first dose. The target BP, with
minimal risk of complications development was defined in
our study as 140/90 mmHg. The effective dose of esmolol
was defined as the dose that achieved the target BP as
quickly as possible in the early postoperative period and
maintained it stable for 12 and 24 hours.

A 12-lead electrocardiogram was performed at base-
line (before the start of drug administration) and then at
30 minutes, 1, 12 and 24 hours after the start of therapy.
Statistical processing of the obtained data was performed
using the Statistica 6.0 software package for Windows.
Mean values with standard deviations (SD) were de-
termined. When assessing the dynamics of the control-
led parameters, statistical analysis was used for depen-
dent (paired) samples. Changes were considered statisti-
cally significant when the corresponding changes in BP
and HR demonstrated reliable differences.

Inclusion criteria:

— adult patients (age > 18 years) presenting with

PAH,;

— male and non-pregnant, non-lactating female par-

ticipants.

Exclusion criteria:

— known hypersensitivity or intolerance to esmolol;

— concurrent use of monoamine oxidase inhibitors;

— evidence of hypovolemia;

— diagnosed bronchial asthma or chronic obstructive

pulmonary disease (COPD);

— presence of bradycardia or atrioventricular block of

[-TIT degree;

— ongoing postoperative hemorrhage (defined as drai-

nage exceeding 1.5 mL/kg/min);

— decompensated chronic heart failure or cardiogenic

shock.

89



KAPAOIONOTIA

RESULTS AND DISCUSSION

To achieve the target BP, the following cumulative
doses of esmolol were required: 20 mg in 2 patients (6.7%),
40 mg in 6 patients (20%), 60 mg in 11 patients (36.7%),
80 mg in 3 patients (10%), and the maximum dose of
100 mg in another 3 patients (10%). In 5 cases (16.7%),
esmolol administration at the maximum tolerated do-
se (100 mg) did not produce a sufficient response, which
required the use of antihypertensive agents of other phar-
macological classes. In these cases, nifedipine (a calcium
channel blocker) was administered at a continuous infu-
sion rate of 0.3—0.5 mg/h.

The baseline systolic BP (SBP) for all patients avera-
ged 169 = 2 mmHg, while the mean diastolic BP (DBP)
was 94 + 2 mmHg. The most significant antihypertensive
effect was recorded at 60 minutes after the initiation of
therapy, with SBP decreased to 135 = 3 mmHg, corre-
sponding with a 21% reduction from baseline. Similarly,
DBP decreased to 78 + 2 mmHg, representing a 17% drop.
Statistically significant reductions in both SBP and DBP
were maintained at 1 hour, and further observed at the 12-
and 24-hour marks following initial administration. By the
end of the first postoperative day, systolic and diastolic
pressures had decreased by 28% and 25%, respectively,
compared to initial values (refer to Table 2).

Regarding the HR, the early postoperative reduction was
modest but reached statistical significance. At 60 minutes
post-administration, HR decreased from 79.3 = 1.7 bpm to
76.1 £ 1.7 bpm (p = 0.0187). Further reductions were ob-
served at 12 and 24 hours, with HR 739 + 1.9 bpm and
73.5 £ 1.7 bpm, respectively. These differences were statisti-
cally significant when compared to baseline (p = 0.002 and
p = 0.0009, respectively) (see Table 2).

After the drug administration, SBP decreased by
21%, DBP by 17%, HR by 4%. Taking into account that
esmolol has a moderate negative chronotropic effect (in
most cases manifested by decrease in HR by 4-7%), it is
believed that it expands the possibilities of its use. Thus,
this property supports its use in the treatment of patients
with arterial hypertension not accompanied by tachycar-
dia. During dynamic observation, it was noted that after
12 hours these indicators were lower than the initial ones
by 27, 24 and 7%, respectively. Monitoring of the indica-
tors showed that after 24 hours the decrease was by 28,
25 and 7%, respectively.

Thus, our results demonstrated that administration of
a titrated and adjusted effective doses of the esmolol, it
provided a stable decrease in BP for 24 hours, which was
accompanied by a moderate negative chronotropic effect.
It should be noted that no adverse events associated with
the drug were reported in any patient.

Postoperative hypertension refers to a transient, acute
increase in BP that typically occurs within 30-90 minutes
after surgery. It is diagnosed when SBP exceeds 160 mmHg
or diastolic pressure increases above 90 mmHg, PAH typi-
cally persists for 4-8 hours [9]. Several factors are thought
to be responsible for PAH, including arousal (common
during recovery from general anesthesia), pain, postopera-
tive shivering, and increased sympathetic nervous system
activity due to cardiopulmonary bypass. The increase in
BP may result from increased plasma concentrations of
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Table 2
BP and HR dynamics during first post-operative day
Parameters Starting 1h 12h 24 h
134.2+27(123.9+1.8(121.8+1.9
SBP, mmHg | 169.2+2.0 (-=21%) (=27%) (-28%)
77.7+21 | 71.2+1.6 | 69.9+2.3
DBP, mmHg | 93.6 +2.5 (—17%) (—24%) (~25%)
76.1+1.7 | 73.9+1.8 | 73.6+1.7
HR, bpm [79.3+1.7 (_4%) (7%) 7%)

catecholamines (epinephrine and norepinephrine), angio-
tensin II, and vasopressin due to stimulation of the neu-
roendocrine system by the above-mentioned factors [10].
Fluid imbalance, both within and outside the vascular
compartment, commonly occur during and after surgery,
further exacerbate PAH. It should not be forgotten that
hemostatic balance can also be altered by surgical stress.
The latter promotes prothrombotic activity and increases
fibrinogen and other coagulation factors. This results in
platelet activation and aggregation, which can lead to
thrombotic events such as graft thrombosis, myocardial in-
farction, and heart failure [11]. Increased BP after surgery
creates additional stress on the heart, which significantly
increases the likelihood of bleeding from vascular anasto-
moses. In some cases, such bleeding can be life-threate-
ning, as it is accompanied by critical blood loss [12, 13].

Various drugs are used for the pharmacological treat-
ment of PAH in patients recovering from cardiac surgery.
These include nitrates such as nitroglycerin and sodium
nitroprusside, calcium channel blockers (nifedipine, nica-
rdipine, clevidipine), B-blockers (such as esmolol and me-
toprolol), the combined a- and B-blocker labetalol, and
the selective a1-blocker urapidil.

Sodium nitroprusside, a potent vasodilator that affects
both the arterial and venous systems. The drug is often
used in hypertensive crises, and the fact that its action be-
gins almost immediately after intravenous administration
allows its use for precise control of BP. Importantly, its
effects disappear within minutes of stopping the infusion,
which is also an advantage for precise control. However,
this drug has limitations, such as the risk of rebound hy-
pertension upon discontinuation and potential cyanide
toxicity due to its metabolic breakdown.

In some cases, such as in patients with hypertension
and ischemic heart disease, such as unstable angina, post-
coronary artery bypass grafting, or recent myocardial
infarction, nitroglycerin is often preferred to sodium ni-
troprusside. It has a vasodilatory effect, which is accom-
panied by a marked antianginal effect. However, given
that excessive reduction in BP can impair coronary per-
fusion and worsen myocardial ischemia, it is necessary
to carefully monitor BP. In addition, the drug tolerance
development should be taken into account, which can
occur with prolonged nitroglycerin infusion (more than
24—48 hours), which is accompanied by a decrease in the
therapeutic response. Esmolol, a short-acting p1-selective
adrenergic blocker, has several advantages in the treat-
ment of PAH, especially in patients who have undergone
cardiac surgery. First of all, this is due to the fact that
its onset of action occurs within 60—120 seconds and its
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period of action is limited to approximately 10—20 minu-
tes, which allows precise titration and rapid discontinu-
ation in case of adverse effects. The main mechanism of
action of esmolol includes negative inotropic and chrono-
tropic effects, which leads to a decrease in cardiac out-
put. In addition, this drug is suitable for use in patients
with impaired liver or kidney function. However, there
are contraindications: in patients with COPD, bronchial
asthma, severe bradycardia, decompensated heart failu-
re. Caution is required when used in combination with
other B-blockers [14]. Metoprolol is a cardioselective B1-
adrenergic receptor blocker; in addition to antihyperten-
sive properties, it also has antianginal and antiarrhythmic
properties, sufficient efficacy and a safety profile, which
have been confirmed in various clinical studies [14, 15].
Thus, in patients with stage 2—3 hypertension combined
with true polycythemia, treatment with metoprolol led to
a significant decrease in average daily systolic and DBP —
by 17.4% and 13.2%, respectively — with good tolerabili-
ty. However, selective B1-blockade is often insufficient to
achieve optimal control of postoperative hypertension.
Clonidine, a centrally acting a2-adrenergic agonist, is not
commonly used to treat PAH in cardiac surgery patients
because of its variable hypotensive response and the
risk of rebound hypertension upon withdrawal. Another
a2-agonist (dexmedetomidine) has been shown to be ef-
fective in controlling hypertension associated with emo-
tional arousal, anxiety, or delirium [16]. Its antihyperten-
sive action is based on a decrease in sympathetic outflow,
resulting in a decrease in HR and cardiac output, and
an increase in parasympathetic (vagal) tone. The central
mechanism of action of this drug also involves stimula-
tion of imidazoline I1 receptors [17]. However, the drug
requires special caution in elderly patients [18]. This is
because it can cause bradycardia and hypotension as the
most common side effects.

One of the drugs with antihypertensive action — urapi-
dil — combines peripheral a1-adrenergic antagonism with
central agonist activity on serotonin 5-HT1A receptors.
In the study by W. Yang et al. [19], urapidil demonstrated
effectiveness in reducing postoperative hypertension after
myocardial revascularization. However, there is a dange-
rous hypotensive effect, which was recorded in a third of
patients after one hour of continuous infusion. Nifedipine,
a calcium channel blocker, has vasodilatory, antianginal,
and hypotensive properties. Despite its effectiveness in
the treatment of hypertension and angina, its use is limi-
ted by the high incidence of side effects, including reflex
tachycardia, arrhythmia, excessive hypotension, cerebral
hypoperfusion, hepatic and renal dysfunction, and periphe-
ral circulatory disorders. In addition, its intravenous for-
mula contains ethanol, which requires careful administra-
tion [20]. There are comparative studies that evaluated
isradipine and nifedipine in patients with PAH after myo-
cardial revascularization. In this case, nifedipine caused a
delayed hypotensive response (usually after 30 minutes)
and required dosages 5—7 times higher than standard re-
commendations (on average 19.8 mg over 3 hours), which
often led to arrhythmias and conduction disturbances,
while isradipine has a more favorable profile: rapid on-
set (within 5-10 minutes), good dose control and mini-
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mal risk of hypertension recurrence. Moreover, there is
another danger with nifedipine: the therapeutic effect of
nifedipine often decreased when switching to a mainte-
nance dose, and recurrent episodes of hypertension were
observed in about half of the patients [21]. Labetalol,
with its dual action as an a1-adrenergic blocker and non-
selective B-blocker, is also used in the treatment of PAH.
The drug is metabolized in the liver and exerts effects
lasting up to 4 hours, making it suitable for continuous
infusion. Bolus doses of 1-2 mg/kg can rapidly decrease
BP. However, labetalol is contraindicated in individuals
with sinus bradycardia, bronchial asthma, or conduction
disorders [22, 23]. Our findings suggest that esmolol, a
B1-selective adrenergic blocker, is an effective option for
controlling postoperative hypertension in patients after
cardiac surgery, which supports the above findings. In
our study, the most effective therapeutic responses were
observed at doses of 40 mg and 60 mg, which norma-
lized BP in 20% and 36.7% of patients, respectively. Lo-
wer (20 mg) and higher (80 mg and 100 mg) doses were
effective in 6.7%, 10% and 10% of cases, respectively.
The positive effect was also in the fact that BP control
was achieved in 83.4% of patients with esmolol mono-
therapy. In the remaining 16.6%, the target pressure
was achieved with the addition of nifedipine. However,
the required dose of nifedipine was significantly lower
than used for monotherapy [15, 24]. Another positive
result of our study is that the antihypertensive effect of
esmolol remained stable for 24 hours after administra-
tion. Patients with pre-existing hypovolemia, bradycar-
dia, or cardiac conduction disturbances were excluded
from esmolol therapy, which probably contributed to
the absence of complications and side effects. It should
be noted that the drug demonstrated excellent tolerabi-
lity, which serves as an indicator of its favorable safe-
ty profile. These findings are in line with the results of
multiple clinical investigations conducted within the
russian federation. Notably, the ALBATROS study, an
open-label, randomized, multicenter trial, assessed the ef-
ficacy of intravenous esmolol versus enalapril in mana-
ging uncomplicated hypertensive crises [25]. The study
included participation from eleven clinical centers across
russia. Both treatment arms showed significant reduc-
tions in SBP and DBP. Esmolol, when titrated in doses
ranging from 10 to 70 mg, achieved BP stabilization in
90% of patients experiencing hypertensive episodes. Si-
milar results were obtained in another clinical study.
That study evaluated the parameters of 83 patients trea-
ted for hypertensive crises by moscow emergency medical
teams. Among the patients examined, esmolol not only
proved effective in uncomplicated hypertensive episodes,
but also demonstrated clinical utility in the treatment
of crisis-related complications, including acute cerebro-
vascular events, acute coronary syndrome, and various
tachyarrhythmias [25]. In one of our previous studies,
we obtained similar results, which confirms our tactics in
relation to patients with PAH [26].

CONCLUSIONS

1. In cardiac surgery patients, the use of the B-blocker
esmolol to relieve PAH provides a reliable reduction in
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SBP (by 22%) and DBP (by 17%). The period of main-
taining the target BP level is 24 hours. The most effec-
tive doses are 40 and 60 mg, allowing to achieve the
target BP level in the largest number of patients — 20%

and 36.7%, respectively.

2. The drug is characterized by good tolerability and
a safety profile in this cohort of patients (absence of

side effects).

KAPAOIONOTIA

Thus, clinical evaluation of the antihypertensive effect
of esmolol in reducing BP has shown that it is effective
in stabilizing BP in patients with postoperative hyperten-
sion. The titration principle is recommended, which al-

lows selecting an effective and safe individual dose of the

Information about the author

drug, ensures safety and efficacy for intravenous adminis-
tration of esmolol in patients with post-operative arterial
hypertension.
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