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The most important risk factor in ischaemic stroke patients is hypertension (HT). Blood pressure
regulation has an important role in hypertensive acute ischaemic stroke patients (AIS). In this study,
we planned to compare the efficacy of nicardipine and esmolol infusion on blood pressure control and
clinical outcome in hypertensive AIS patients. The study is a retrospective, cross-sectional study. It
includes hypertensive AlS patients admitted to the emergency department. Target blood pressure,
time to reach target blood pressure, discharge modified Rankin Scale (mRS), intracranial haemorrhage
according to The European Cooperative Acute Stroke Study (ECASS Il) and 30-day mortality of patients
who were started Nicardipine or Esmolol within the indication were determined and mortality and
morbidity of the two groups were compared. The study included 82 acute ischaemic stroke patients
who were hypertensive at presentation. The mean age of the patients was 72 years (39-93). No
difference was observed between the Nicardipine (n=40) and Esmolol (n=42) groups in terms of
sociodemographic data, vital functions and clinical status (National Institutes of Health Stroke Scale

- NIHSS) at admission. The target blood pressure levels were reached faster and more effectively in
the Nicardipine group than in the Esmolol group (p<0.001). No difference was observed between the
two groups in terms of mRS, ECASS Il scores and 30-day mortality. Nicardipine is more effective than
Esmolol in blood pressure control in AIS patients who are candidates for invasive procedures such

as thrombolysis and thrombectomy. The fact that there is no difference in mortality and morbidity
between the two drugs suggests that Esmolol can also be used in selected patients.
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Although the prevalence and mortality rate of stroke have decreased in recent years due to improved diagnostic
and therapeutic methods, stroke remains one of the main causes of death and disability in adults'. Stroke is a
clinical syndrome that causes sudden, focal or global impairment of the central nervous system due to vascular
causes. Ischemic stroke is responsible for 70-85% of all stroke cases. Stroke is the second leading cause of death
in the world after ischemic heart disease. More than 13 million new stroke cases are observed every year>.

Hemodynamic disturbances are common in acute stroke and management of blood pressure, particularly
the acute hypertensive response that accompanies most stroke presentations, is often seen as a target for early
intervention. Current resources available to guide emergency physicians on the optimal approach to high blood
pressure in acute stroke are limited but evolving®.

The consensus is that blood pressure should only be lowered if the systolic pressure exceeds 220 mm Hg or
the diastolic pressure exceeds 120 mm Hg. However, systolic blood pressure (SBP) greater than 185 mm Hg
or diastolic blood pressure (DBP) greater than 110 mm Hg is a contraindication to the use of thrombolytics.
Therefore, treatment of high blood pressure in acute ischemic stroke may vary depending on whether the patient
is a candidate for invasive treatment such as thrombolytics or thrombectomy®.

There is currently no consensus on the best agents for lowering blood pressure in ischemic stroke. However,
some principles should be considered in their selection. First, short-acting, titratable antihypertensives are most
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appropriate in the emergency department setting. Second, rapidly acting agents that maintain stable cerebral
blood flow are preferred. Many agents have been clinically studied for blood pressure regulation in acute
ischemic stroke. In the light of these studies, fast-acting, rapid reversal agents are recommended. Oral agents are
not recommended due to the associated risk of aspiration and slow onset of effects. Recommended treatments
include labetalol, nicardipine, clevidipine and sodium nitroprusside®. Since esmolol is a short and fast-acting
betal selective blocker, it is one of the agents that can be used IV (intravenously) in patients with acute ischemic
stroke when indicated.

In our emergency department, the two drug groups that meet these characteristics and are frequently
used are beta antogonists (Esmolol) and calcium channel blockers (Nicardipine). Esmolol is the shortest-
acting cardioselective beta 1 adrenergic receptor blocker. It is administered as a continuous infusion titrated
after a loading dose (Loading: 0.25-0.5 mg/kg IVP 1 min, Infusion: 0.05-0.3 mg/kg/minute IV). Nicardipine
is a second generation dihydropyridine calcium antagonist that selectively inhibits vascular smooth muscle
contraction. There is no loading dose and it is administered as a continuous infusion by titration (5 mg/h IV
infusion, increasing by 2.5 mg/h every 5-10 min). Although the duration of action of both drug groups is short,
their mechanisms of action are different.

There are no studies in the literature comparing these two drugs in hypertensive acute ischemic stroke
patients. In this study, we aimed to retrospectively investigate the effects of these two drugs on prognosis in
ischemic stroke patients who were started for hypertension control within the indication.

Materials and methods

Type and ethical aspects of the research

Our study is a retrospective study in which hypertensive patients diagnosed with acute ischemic stroke admitted
to the emergency department of the University of Health Sciences Sisli Hamidiye Etfal Training and Research
Hospital were examined. The approval of the University of Health Sciences $isli Hamidiye Etfal Training and
Research Hospital Health Practice and Research Center Clinical Research Ethics Committee dated 24/10/2023
and decision number 4137 was obtained.

Research sample and population

This study includes hypertensive acute ischemic stroke patients admitted to the emergency department of Health
Sciences University $isli Hamidiye Etfal Training and Research Hospital between January 01, 2020 and October
01, 2023. It includes the group of patients who received esmolol or nicardipine treatment protocols for blood
pressure control, followed by thrombectomy and thrombolytic (IV alteplase) treatment, and whose follow-up
treatment was complete in the data recording system. 448 hypertensive AIS patients were evaluated for eligibility.
The study included 82 patients receiving only Nicardipine (#=40) or only Esmolol (n=42) for blood pressure
regulation (Fig. 1). This number was obtained randomly after exclusion criteria and no bias was applied. Only
these drug infusions were given in the treatment of malignant hypertension before-after invasive procedures.

Drugs used and dosage

Hypertensive emergencies require immediate reduction of blood pressure with intravenous (i.v.) drug therapy.
Two of the antihypertensive agents recommended by the Turkish Neurology Association in the Acute Ischemic
Stroke Diagnosis and Treatment Guidelines, as well as in other countries, are Esmolol and Nicardipine. Esmolol
(0.5-1 mg/kg as i.v. bolus; 50-300 mcg/kg/min as i.v. infusion) can be started if patients do not have pathologies
such as second or third-degree AV block, systolic heart failure, asthma, bradycardia7’8. Nicardipine infusion
(5 mg/h IV infusion, increasing by 2.5 mg/h every 5-10 min) is indicated in hypertensive (SBP>185 mm Hg or
DBP>110 mm Hg) acute ischaemic stroke patients with indication for thrombolytic therapy. Contraindicated
in liver failure’*.

In hypertensive acute stroke patients, antihypertensive agents are initiated to achieve a 15% reduction in
blood pressure within one hour. The target blood pressure for treatment with antihypertensive agents in patients
who are candidates for invasive treatment in our emergency department is SBP <185 mm Hg DBP <105 mm
Hg. When the pressure drops below these values, invasive treatments are initiated and deeper blood pressure
drops (SBP <140 mm/hg) are prevented because cerebral perfusion will be impaired. Antihypertensive agents
are titrated according to pressure changes and stopped if necessary®®.

Data collection

Patient Information Management System (PANATES) of Health Sciences University, $isli Hamidiye Etfal
Training and Research Hospital was used for data collection. Demographic characteristics of the patients such
as age and gender, complaints at emergency room admission, duration of emergency room admission after
the onset of symptoms, vital parameters such as systolic blood pressure, diastolic blood pressure, pulse rate,
respiratory rate, oxygen saturation, history of previous or known chronic diseases, time taken for thrombolytics
after blood pressure regulation, and follow-up treatment processes after hospitalization were accessed from the
electronic files of the patients. The National Institutes of Health Stroke Scale (NIHSS) was used to measure stroke
severity at admission!?. The classification in the Second European-Australasian Acute Stroke Study (ECASS
IT) was used to define intracranial hemorrhagic transformation by Cranial CT at 24 h after thrombolytic and
thrombectomy'!. The modified Rankin Scale (mRS) was used to classify the mortality-morbidity of patients after
treatment!.

Statistical analysis
Mean, standard deviation, median, percentile (25-75) minimum, maximum, frequency and ratio values were
used in descriptive statistics of the data. The distribution of variables was measured with the Kolmogorov
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Flow Diagram of the study

Assessed for eligibility hypertensive AIS

(n=448)
Excluded (n=366)

e Patients receiving different
antihypertensive treatment (Different
groups of agents or in combination
with both groups) (n=171)

e Patients not receiving thrombolytic
or thrombectomy (n=103)

e Patients referred to different centers
after invasive treatments (n=54)

e Missing data (n=38)

Analyzed (n=82)

Nicardipine (1=40) | ey | Esmolol (n=42)

Fig. 1. Flowchart of patient data.

Simirnov test. Independent sample t test, mann-whitney u test were used to analyze quantitative independent
data. Chi-square test was used in the analysis of qualitative independent data and Fisher’s exact test was used
when chi-square test conditions were not met. p < 0.05 was considered statistically significant. SPSS 28.0 program
was used in the analysis.

Findings

The study included 82 ischemic stroke patients who were hypertensive (systolic BP >184 mm Hg, diastolic
BP>110 mm Hg) at presentation. The mean age of the patients was 72 years (39-93). The number of men and
women was equal (n=41). All patients received thrombolytics and thrombectomy. Patients were divided into
two groups as nicardipine (n=40) and esmolol (n=42) treatment groups for blood pressure regulation before
lytic and thrombectomy procedures. There was no difference in sociodemographic data between the two groups.
The history of HT was higher in the nicardipine group compared to the esmolol group and there was a statistical
difference (Table 1).

We evaluated the two groups in terms of vital functions and clinical status at the time of emergency admission.
In the Nicardipine group, the last systolic and diastolic blood pressures measured before thrombolytic therapy
and the time taken for blood pressure regulation were lower and statistically significant than Esmolol group
(p<0.001) (Fig. 2). Pulse rate was higher in the Esmolol group compared to the other group, and the time
between symptom onset and presentation to the emergency department was longer. Although the mortality rate
was higher in the group started on nicardipine, there was no statistical difference (Table 2). Among patients on
medication for hypertension, blood pressure control was achieved faster in the Nicardipine group (n=37) than
in the Esmolol group (n=30) (p<0.001) (not shown on the table).

We compared the groups in terms of hematologic parameters. Hgb and Hct levels were higher in the group
receiving esmolol. MPV, HCO3, BE, Urea, Glucose and Triglyceride levels were higher and statistically significant
in the group receiving Nicardipine (Table 3).

There was no statistical difference between the two groups in terms of intracranial haemorrhage 24 h after the
procedure. Bleeding after thrombectomy and thrombolysis was observed in 14 patients in the group receiving
nicardipine and in 12 patients in the group receiving esmolol (Table 4).
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Total
(a) Min-max Mean +ss (n)
Age 39-93 71.5+£13.3 82
Total

n % (n)

Gender Male 4 >0 82
Female 41 50

Thrombolytic + 82 100 82
Thrombectomy + 82 100 82

Nicardipine (n=40) | Esmolol (n=42)
(b) Mean +sd/n (%) Meantsdn (%) |p
Age 71.6+11.9 71.4+14.7 0.928+
Gender Male 18 (45%) 23 (54.8%) 05070

Female 22 (55%) 19 (45.2%)

Smoking + 8(20%) 12 (28.6%) 0.518 X
Antiaggregant use | + 20 (50%) 13 (31%) 0.125 %2
Antiacoagulant use | + 2 (5%) 3(9.5%) 0.361%
Chronic diseases
AF + 16 (40%) 15 (35.7%) 0.8632
Stroke history + 11 (27.5%) 10 (23.8%) 0.897%
CAD + 13 (32.5%) 12 (28.6%) 0.884%
HT + 37 (92.5%) 30 (71.4%) 0.013%
CHF + 9 (22.5%) 9 (21.4%) 0.907X
HL + 8 (20%) 6 (14.3%) 0.347%
DM + 18 (45%) 10 (23.8%) 0.073%*

Table 1. Socio-demographic data analysed in (a) all patients and (b) between groups. Significant values are
given in bold. AF atrial fibrillation, CAD coronary artery disease, HT hyper tension, CHF congestive heart
failure, HL hyper lipidaemia, DM diabetes mellitus. 1Independent T test. ¥*Chi-square test.
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Fig. 2. Before and after treatment of blood pressures.

Discussion

We found no difference in mortality and morbidity in the two drug groups we used as infusion for blood pressure
regulation in hypertensive acute ischemic patients. We found that Nicardipine showed faster efficacy in blood
pressure regulation than Esmolol. There was no difference in clinical outcome between the groups treated with

Nicardipine or Esmolol in blood pressure control of hypertensive acute ischaemic stroke patients.

Hypertension is one of the most important risk factors in acute ischemic stroke patients and is one of the most
frequently detected metabolic disorders in this patient group presenting to the emergency department. Although
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Nicardipine (n=40) Esmolol (n=42)

Mean +sd/median (25-75) | Mean + sd/median (25-75) | p
Systolic BP (mmHg) 188 (182-199) 190 (185-200) 0.321™
Diastolic BP (mmHg) 109 (100-110) 105 (100-115) 0.765™
End systolic BP 157.0+£9.8 170.6+6.7 <0.0017
End diastolic BP 83.7+5.2 91.5+£5.3 <0.0017
BP control time (min) 19.0+6.35 25.4+8.7 <0.001"
Pulse 80 (76-90) 87 (80-97) 0.047™
Tempereture ( C) 36.7 (36.7-36.9) 36.8 (36.7-36.9) 0.418™
Breathing (/min) 14 (13-16) 15 (14-18) 0.157™
Saturation 98 (96-99) 96 (96-99) 0.256™
NIHSS at admission 10.5+5.9 12.8+7.5 0.1317
Symptom door duration (min) | 63.1+37.1 79.2+42.0 0.070"
Symptom needle Dur. (min) 160.5+58.1 174.8+48.2 0.228"
Door needle duration (min) 97.4+56.2 95.6+41.04 0.866"
Hospitalisation (day) 11 (7-21) 10 (7-16) 0.375™
mRS 3(1-6) 3(1-6) 0.691™
ICH (+) n(%) 14 (35%) 12 (28.6%) 0.698 ¥
Mortality (+) n(%) 13 (32.5%) 12 (28.6%) 0.699 ¥

Table 2. Analysis of vitals and clinical data between groups. Significant values are given in bold. BP
blood pressure, mRS modified Rankin scale, ICH intracerebral haemorrhage, Dur duration, Min minute.
tIndependent T test. "Mann Whitney U. ¥Chi-square test.

controversy continues about blood pressure management in acute stroke patients, impaired brain perfusion due
to sudden drop in blood pressure in ischemic stroke patients may worsen the ischemic condition. However, there
is a consensus on blood pressure control before invasive procedures such as thrombectemy and thrombolytics'>.
In our study, we found that there was a greater decrease in blood pressure in the Nicardipine group compared
to the Esmolol group. In the patient group receiving Nicardipine infusion, the mean systolic blood pressure was
found to be 157 mmhg, which is above the normohypotensive values that may cause impaired brain perfusion.

Time is very important especially in the treatment of patients who are thrombolytic candidates, because
failure to control blood pressure smoothly and rapidly may eliminate the opportunity for thrombectomy
or thrombolytic administration'?. We noted faster blood pressure control in the group in which we started
Nicardipine infusion as a superiority of Nicardipine over Esmolol. One of the most important contraindications
for thrombolytics is a duration of more than 4.5 h between the onset of symptoms and initiation of treatment.
This period is 6 h in thrombectomy candidates and may extend up to 24 h in some patients'®. The time between
the onset of symptoms and presentation to the emergency department may decrease the time required to start
thrombolytic treatment. In this limited time, Nicardipine infusion should be started to rapidly regulate blood
pressure in patients presenting with high blood pressure that is contraindicated for thrombolytic therapy.

In addition to arterial thrombosis, many secondary metabolic disorders can be seen in acute ischemic stroke.
Hypertension, hypotension, hyperglycemia, hypoxia are some of the common abnormal clinical conditions. In
addition to being one of the most important risk factors of ischemic stroke, HT may also have an impact on the
functional outcomes of patients. Ischemic stroke is a consequence of a variety of pathological conditions arising
from systemic cardiovascular disease or primary cerebrovascular disease, the vast majority of which are thought
to be related to hypertension. Therefore, the majority of AIS is a consequence of chronic hypertension (HT)'.
In our study, hypertension was found to be the most common risk factor in accordance with the literature. In
addition, a history of chronic hypertension was recorded more frequently in the group started on nicardipine,
but other risk factors did not differ between the groups. We found that blood pressure regulation was faster
in this group compared to the Esmolol group. However, it remains unclear whether different blood pressure
management strategies are necessary in acute ischemic stroke patients with a history of hypertension before
stroke onset'®.

In a study conducted for the control of hypertension occurring after craniotomy, Nicardipine and Esmolol
were compared and it was found that Niacardipine was more effective in blood pressure control'®. In other
studies, conducted outside acute ischemic stroke, Nicardipine was found to be more effective than Esmolol in
blood pressure control'”!%. In our study, we found that Nicardipine was faster and more effective than Esmolol
in blood pressure control in acute ischemic stroke patients.

Nicardipine is a second class dihydropyridine (DHP) group calcium channel blocker. It has high specificity
for L-type calcium channels (LTCCs). It shows activity through the al subunit found in vascular smooth muscle
cells and cardiomyocytes'®. Esmolol is a selective Beta-1 receptor blocker. Beta-1 receptors are primarily found in
cardiac nodal tissue, cardiac myocytes, other cardiac conduction pathway tissues and kidneys. Esmolol shows its
effect by selectively binding to beta-1 receptor sites and inhibiting the effects of epinephrine and norepinephrine
on these sites?>?!, The fact that Nicardipine is faster and more effective than Esmolol in blood pressure control
may be related with its multiple effects.
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Nicardipine (n=40) Esmolol (n=42)
Mean +sd/median (25-75) | Mean +sd/median (25-75) | p
Hgb 11.6+2.3 129+2.1 0.008"
Het 349+6.4 38.9+5.9 0.004"
MPV 11.2+14 9.9+1.3 0.000"
RDW 149+1.6 145£1.5 0.155"
PLT 255+68.5 232+88.7 0.201%
NLR 4.8 (2.6-8.3) 3.7 (2.5-7.5) 0.562™
Ph 7.41+0.05 7.39+0.07 0.300"
HCO3 25.8+3.8 242429 0.036
BE 1.09+3.5 -0.7+2.7 0.021%
Lactate 2.1+0.8 1.8+0.7 0.094*
Urea 50 (36-72) 40 (28-52) 0.006™
Cre 0.94 (0.75-1.4) 0.88 (0.7-1.2) 0.222™
Na 138+4.1 138+3.5 0.831%
K 42408 4.1+0.5 0.699"
Glucose 145 (120-204) 124 (109-157) 0.011™
AST 20 (17-27) 19 (16-25) 0.707™
ALT 15 (12-27) 13 (10-20) 0.155™
Albumin 35.8+6.9 35.5+4.5 0.818"
CRP 21.3 (5-61) 12.3 (3.2-56) 0.285™
HDL 47.7+16.7 414497 0.107*
LDL 120.8+48.7 111.4+38.1 0.412%
Triglyceride | 142.7 +58.6 114.2+31.5 0.0381
Cholesterol | 197.1+54.3 175.8+42.9 o0.101%

Table 3. Analysis of haematological data between groups. Significant values are given in bold. Hgb
hemoglobin, Hct hematocrit, MPV mean platelet volume, RDW red blood cell distribution width, PLT platelet,
NLR neutrophil lymphocyte ratio, Cre creatine, Na sodium, K potassium, AST aspartate transaminase, ALT
alanine transaminase, CRP C reactive protein, HDL high density lipoprotein, LDL low density lipoprotein, BE
base Deficit, HCO; bicarbonate. tIndependent T test. "Mann Whitney U Test.

ECASS2
No hemorrhage | HI1 |HI2 |PH1 |PH2 |Total |p
n | 26° A 7? A 32 40
Nicardipine
% | 65.0% 5.0% | 17.5% | 5.0% | 7.5% | 100.0%
0.452¢
n |30* 28 22 3 5% 42
Esmolol
% | 71.4% 4.8% | 4.8% |7.1% | 11.9% | 100.0%

Table 4. Comparison of haemorrhage between groups according to ECASS 2. HI1: Hemorrhagic infarction
Type 1 HI2: Hemorrhagic infarction Type 2. PH1: Paranchymal Hematoma Type 1 PH2: Paranchymal
Hematoma Type 2. ECASS 2: European-Australasian Acute Stroke Study II. X*Chi-square test. *Bonferroni
method.

Although Nicardipine was more effective than Esmolol in blood pressure control in ischemic stroke patients,
we found no difference between the two groups in terms of intracranial bleeding after invasive procedures,
length of stay, discharge mRS and mortality. In hypertensive ischemic stroke patients, current guidelines suggest
that patients eligible for intravenous thrombolysis should have their blood pressure carefully lowered to systolic
blood pressure < 185 mmHg and diastolic blood pressure <110 mmHg before initiation of IVT and controlled
to <180/105 mmHg within the first 24 h after treatment. It is emphasized that blood pressure reduction
should be careful and individualized, as an exaggerated drop in blood pressure can lead to complications such
as stroke progression or acute kidney injury. To date, no blood pressure reduction strategy has been shown
to be superior®?2. The fact that there was no difference between the two groups we compared in terms of
sociodemographic, vital parameters and clinical status at presentation standardized the two groups. The fact
that Nicardipine did not differ from Esmolol in terms of clinical outcome between the two groups is evidence
that Esmolol is also a preferable antihypertensive agent in patients with acute ischemic stroke. We think that this
situation is due to the pre-infusion loading dose in the treatment protocol.

A review article by Bath et al. indicated that the use of beta-blockers for blood pressure regulation in patients
with AIS may be harmful. They based this conclusion on the BEST (B-Blocker Stroke Trial) study, which
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suggested that reduced cardiac output may impair cerebral perfusion. The drugs tested in this study were atenolol
and propranolol. The half-life of these drugs (6-7 h) is much longer than the half-life of Esmolol, which was
limited to minutes, used in our study?. In our study, blood pressure reduction was slower in the group receiving
Esmolol than in the group receiving Nicardipine, but the outcomes in the two groups were similar. Esmolol’s
rapid onset of action, rapid clearance from the kidneys, and a half-life measured in minutes when stopped
(9 min) differentiate it positively from long-acting beta-blocker drugs and explain successful results similar
to Nicardipine. In the same review, Bath et al. cited the results of the ATACH-2 (Antihypertensive Treatment
of Acute Cerebral Hemorrhage-2) study and stated that intravenous calcium channel blockers (nicardipine or
nimodipine) may be neuroprotective in patients with ischemic stroke and intracerebral hemorrhage, but are
neutral in terms of clinical outcome?*. In our study that included only AIS patients, we found that the blood
pressure of patients receiving nicardipine infusion was regulated faster, and there was no difference in terms of
clinical outcome compared to the group receiving esmolol.

In our small sample size study, we can say that the patient group in which we used Nicardipine was superior to
the group in which we used Esmolol in controlling hypertensive AIS patients rapidly and effectively. In addition,
the final blood pressure levels lowered for thrombolytic initiation in the group in which we used Nicardipine
were determined to be above the values warned for brain perfusion disorder in the literature.

Limitations

The single center, retrospective and small number of patients are some of the important limitations of our study.
Primarily the retrospective design and relatively low sample size may have introduced selection bias, and limit
the generalizability of the findings. Apart from these, only the time until the target blood pressure was achieved
and the target blood pressures of both drug groups were compared. Patients with a history of hypertension were
excluded if they were taking antihypertensive agents before presentation to the emergency department. Since the
times in the follow-up charts for target blood pressure could not be standardized, only the times when they were
controlled could be included in the study.

Conclusion

We would like to state that there was no difference between the two drugs in terms of clinical outcomes in acute
ischemic stroke patients. Esmolol is an agent that can be used for blood pressure control in hypertensive acute
ischemic stroke patients admitted to the emergency department. In patients who are candidates for invasive
procedures such as thrombolytics and thrombectomy, starting Nicardipine may provide an advantage over
Esmolol, considering the time limitations. However, it should be kept in mind that Nicardipine may worsen
ischemia by impairing cerebral perfusion due to its greater blood pressure lowering effect and by reducing
pneumbra nutrition. Since Nicardipine has different side effects such as reflex tachycardia and Esmolol has
different side effects such as bradycardia, it is useful to individualize hypertension treatment in stroke patients.
The findings need to be supported by randomized controlled, large-scale studies.

Data availability
The datasets used and/or analyzed during the current study are available for sharing by the corresponding author
upon request.
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