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Abstract

Abbreviations: ICH: Intracerebral Hemorrhage; IS:
Ischemic Stroke; Gl: Gastrointestinal hemorrhage;
RCT: Randomized Controlled Trial; CT: Computed
Tomography; MRI: Magnetic Resonance Imaging;
GCS: Glasgow Coma Scale; NIHSS: National
Institute of Health Stroke Scale; mRS: modified
Rankin Scale; SIRS: Systemic Inflammation
Response Syndrome; ASPECTS: Alberta Stroke
Program Early CT score

Stress in acute stroke may increase mortality and complications, but there is a
paucity of information on the efficacy of beta blockers over other anti-hypertensive.
To report efficacy of metoprolol over amlodipine in reducing mortality, disability and
infections in acute stroke. CT/MRI confirmed stroke patients within 3 days of onset
were included whose age was 18 to 75 years. Patients with secondary intracerebral
hemorrhage, organ failure, pregnancy, malignancy, and immunosuppressant or on
beta-blocker/amlodipine were excluded. Stroke risk factors, Glasgow Coma Scale (GCS)
score, National Institute of Health Stroke Scale (NIHSS) score and CT/MRI findings were
noted. Patients with a blood pressure of > 160/90 mm of Hg were randomized using 11
randomization to metoprolol (25 mg on day 1,50 mg if BP is not controlled) or amlodipine
(25 mg on day 1, then 5 mg then 10 mg on, subsequent days if BP is not controlled).
Other standard treatment was continued. The primary outcome was mortality at 1
month; secondary outcomes included were in-hospital gastrointestinal hemorrhage,
pneumonia, sepsis and 3 months functional outcome based on modified Rankin Scale
(mRS). side effects were noted. 18 (14.4%) patients died; 6 (9.7%) in metoprolol and 12
(19%) in amlodipine (p = 0.20) group. At 3-months, 66 patients had good outcome; 45
(80.4%) in metoprolol and 21(43.3%) in amlodipine group (p < 0.001). The other secondary
outcomes were comparable between the two groups. Metoprolol was withdrawn in 6
patients due to bradycardia, and amlodipine in 5 due to hypotension and in 1 due to
allergic reaction. Metoprolol is associated with improved functional outcomes in acute
stroke compared to amlodipine.
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[4,5]. Animal and human studies have shown increased
sympathetic activity during acute stage leading to reactive
hypertension and cardiac arrhythmia [6]. Autonomic
dysfunction and sympathetic overstimulation may have a

Introduction

Stroke is the second leading cause of death and the third
leading cause of death and disability combined in 2019 [1].

Hypertension, diabetes, hyperlipidemia, obesity, sedentary
life style and smoking are modifiable risk factors of stroke
[2,3]. About 90% of stroke can be attributed to these
modifiable risk factors, and 80% of recurrent stroke can be
prevented by optimal control of these risk factors [1]. The
mortality of stroke can be reduced by optimal management
of blood pressure, raised intracranial pressure, blood
glucose, electrolytes, temperature and preventing infection
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role in stroke induced immuno-suppression, making the
patient susceptible for infection [7,8]. The pathological
sympathetic activation with a surge of catecholamines
occurs in acute phase of stroke that is the initial stage, that
leads to oxidative stress expression of pro-inflammatory
cytokines and apoptotic markers resulting in increased brain
edema and neuronal death [9]. Hypothetically, sympathetic
blockers may reduce some of these biomarkers, and
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may have a mortality and disability benefits. Metoprolol
reduces neuro-excitotoxicity, has anti-apoptotic actions,
maintains blood-brain barrier integrity, and modulates
neuroinflammation. In animal model of stroke, beta-blocker
has resulted in reversal of catecholamine induced immune-
suppression as evidence by reduction of oxidative stress and
inflammatory cytokines [10,11]. In National Acute Stroke
Israeli Study (NASIS) registry, patients on beta-blocker
developing stroke had a better outcome, compared to those
without beta blocker [12]. A randomized controlled study
has also reported similar results [13]. In the retrospective
data analysis, few studies have shown reduction in mortality
[14], infection and pneumonia [15], and others did not find
significant benefit [16]. There is no head on RCT comparing
the effect of metoprolol and amlodipine on mortality and
disability of stroke. In this randomized controlled trial, we
compare the effect of metoprolol and amlodipine in reducing
mortality and disability in acute stroke. We also compare
in-hospital gastro-intestinal hemorrhage, pneumonia and
sepsis between the two groups.

Methods

This is an investigator-initiated trial, open-labelled
randomized control trial. The study protocol was designed
by the lead author (JK). The protocol was approved by the
Institute Ethics Committee (Ethics No: 2022-20-IMP-125
08/07/2022), SGPGI, Lucknow, and registered in Clinical
Trial Registry-India (CTRI link: 2022/07/043879). Consent
was obtained from patients or their first-degree relatives.

Inclusion criteria

Consecutive CT/MRI proven stroke (ischemic and
hemorrhagic) patients admitted to our hospital within 3 days
of ictus were screened for possible inclusion in the trial.

Exclusion criteria

Patients with stroke due to arteriovenous malformation,
aneurysm, coagulopathy, bleeding disorders, tumor, trauma
or vasculitis were excluded. Patients with cardiac, hepatic or
renal failure, pregnancy, malignancy, immune-suppression,
organ transplantation, malignancy, intracranial or systemic
infection, prior use of  and a-blockers, and those below 18
years and above 75 years were excluded. Patients with a
history of allergy to amlodipine and metoprolol, and those
with bradyarrhythmia and hypotension were also excluded.
Stroke patients with history of hypertension but normal
blood pressure at presentation were also excluded.

Evaluation

A detailed clinical history including stroke risk factors was
enquired, and clinical examination was done. Consciousness
was assessed by Glasgow Coma Scale (GCS) and severity of
stroke by National Institute of Health Stroke Scale (NIHSS).
Clinical evidences of raised intracranial pressure and
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herniation such as hyperventilation, pupillary asymmetry
and extensor posturing were noted. Cranial nerve palsy,
muscle tone, power and tendon reflexes were recorded.
Sensations and co-ordination were tested only in conscious,
co-operative patients. Patients with infections were treated
with antibiotics, and those with seizure received anti-
seizure medications. All the patients received treatment of
underlying stroke risk factors along with supportive care.

Investigations

Hemoglobin, blood counts, blood glucose, serum
creatinine, electrolytes and lipid profile were measured.
Activated partial thromboplastin time, chest radiograph,
and electrocardiogram were done. The markers of systemic
inflammation response syndrome (SIRS) were noted [17],
cranial CT scan and or MRI were done at admission and the
nature of stroke (intracerebral hemorrhage or infarction)
was noted. The size of ICH volume was assessed by A x B
x C x1/2 (A is the largest diameter of hematoma, B is the
diameter perpendicular to A, and C in the number slices of
hematoma multiplied by slice thickness). The hematoma size
was calculated as small (< 20 ml), medium (20 - 40 ml) and
Large (> 40 ml) [18]. The infarct size was calculated using
Alberta Stroke Program Early CT score (ASPECTS) [19].
Midline shift was measured.

Treatment

Ischemic stroke patients within 4.5 hours with a NIHSS
score of 6-25 were thrombolyzed using Tenecteplase (0.25
mg/kg 1V) followed by standard treatment. All the patients
received supportive care.

Randomization

The patients with a blood pressure of = 160/100 mm
Hg were randomized to metoprolol or amlodipine using
computer based 1:1 randomization method. The starting
dose of metoprolol was 25 mg, which increased to 50 mg
depending on the blood pressure and heart rate. Similarly,
amlodipine 2.5 mg was prescribed, which increased to 5
mg, then to 10 mg. The time period for each arm for dose
escalation was done at 24 hours interval. Patients were
managed in intensive care with regular monitoring of blood
pressure, ECG, and oxygen saturation at 4-hour interval or
earlier if patient was unstable. The target blood pressure
was < 160/90 in the initial 4 weeks, and < 140/90 after 4
weeks. Hydrochlorothiazide was added, if blood pressure is
not controlled.

The patients with thrombotic stroke received dual
antiplatelets (aspirin 150 mg and clopidogrel 75 mg daily)
and embolic stroke patients received anticoagulant. Anti-
edema treatment (100 ml of 20% mannitol) was prescribed
depending on the clinical evidence of raised intracranial
pressure.
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Outcome measures

In-hospital death and outcomes at 3 months were
assessed using modified Rankin Scale (mRS). Occurrence of
pneumonia, septicemia and SIRS during hospital stay was
noted.

Primary outcome: Death at one month

Secondary outcomes: The secondary outcomes included
gastric hemorrhage, SIRS, pneumonia and septicemia within
hospital stay, and 3 months functional outcome. We have used
standard laid down criteria for defining SIRS, pneumonia and
septicemia [17,20-22]. The functional outcome was assessed
using mRS as good (mRS 0-2) and poor (mRS 3-5) [23].

Sample size calculation: In an earlier report, the
mortality of stroke patient in beta blocker group was 11.4%
and non- beta blocker 37.3% [24]. At a minimum two-sided
95% confidence interval (CI) and 90% power of study,
the estimated sample in each group was 56. A total of 120
patients were expected to randomize considering 5% loss
to follow up. The sample size was calculated using G* power
version 3.1.9.7.

Statistical analysis

Thedistributionofcontinuousvariablewasevaluated using
Wilk-Shapiro test. The baseline categorical characteristics
of clinical, radiological and laboratory were compared by
chi square test, continuous normally distributed data using
independent-t test and skewed continuous variables using
Mann-Whitney U test. Intention to treat analysis of primary
outcome was done. Both primary and secondary outcomes
between the two treatment arms were compared using chi-
square test. Kaplan-Meier analysis was used to evaluate
the effect of the two treatments on mortality. Predictors of
death and 3-months functional outcome were evaluated
using univariate followed by multivariate analysis adjusting
the variables significantly associated with death and good
outcome on univariate analysis. Statistical analysis was
done using SPSS software, and a variable with a two-sided
p - value of <0.05 in the statistical analysis was considered
significance.

Results

182 patients with stroke were admitted within 3 days of
their illness; 57 patients were excluded due to associated
liver, kidney or heart failure, arteriovenous malformation
or coagulopathy related bleeding, vasculitis, pregnancy and
malignancy. Therefore, this study is based on 125 patients
(Figure 1). Their median age was 62 (range 29-88) years, and
47 (31%) were females. 119 patients had stroke risk factors.
62 patients were randomized to metoprolol and 63 to
amlodipine. Their baseline characteristics were comparable
except medium size stroke was more frequent in metoprolol
group. The details are presented in Table 1.
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125 patients
randomized

[ 182 patients were assessed |

5,

Excluded- 57 patients:
Liver failure 8, kidney failure 14,
heart failure 5, two of these
factors 8, AVM 3, vasculitis 4,

pregnancy 5, coagulopathy
related bleed 5, lack of consent 5

[ Metoprolol = 62 patients|

6 died within 1 mo l

[ 56 patients at 1mo

|

i
Amlodepine =63
atients

12 died within 1 mo

51 Qatienls at 1mo

|

56 patients completed 3mo ‘

follow up

51 patients completed 3 mo

follow up

AVM: Arteriovenous Malformation.

Figure 1: Flow chart showing the number patients at different phases.

Parameters

Total
(n=125)

Amlodipine
(n=63)

Metoprolol
(n=62)

Table 1: Baseline characteristics of patients in amlodipine and metoprolol groups.

p - value

Age (years) 60.89 +11.22 59.2 +£11.40 62.5+10.8 0.10
Gender (Male) 78(62.4%) 42(66.7%) 36(58.1%) 0.36
Hypertension 109(87.2%) 51(80.90%) 58(93.54%) 0.27

Diabetes mellitus 33(26.4%) 13 (20.6%) 20(32.3%) 0.13
Heart disease:
CAD 27(21.6%) 12(19%) 15(24.2%)
RHD 3(2.4%) 2(3.2%) 1(4%) 091

Non Val. AF 8(6.4%) 4(6.3%) 4(6.5%)

Smoking 21(16.8%) 11(17.5%) 10(16.1%) 0.84

LDL (mg/dI) 104.57 +49.70 = 107.04 +52.16 |102.06 +47.36  0.58

NIHSS score 17.14 £ 7.47 16.8+8.1 17.5+6.8 0.64

GCS score 11.38+3.15 13.1+1.7 13+2 0.68
Seizure 21(16.8%) 12(19%) 9(14.5%) 0.50
Type of stroke
Ischemic 42(33.6%) 17(26.98%) 25(40.32%) 0.13
ICH 83(66.4%) 46(73.01%) 37(59.68%)
Size of stroke
Large 35(28%) 20(31.7%) 15(24.2%) 0.02
Medium 49(39.2%) 17(27%) 32(51.6%)
Small 41(32.8%) 26(41.3%) 15(24.2%)
ML shift (cm) 0.42 +0.52 0.48 + 0.58 0.57 +1.79 0.71
Sr. Creatinine (mg/dl)| 1.37+0.83 14+0.8 1.3+09 0.78
Sodium (mmol/L) 13832 £6.99 1388+ 7.7 137.7+6.3 0.37
Potassium (mmol/L) 3.9+0.53 39+0.6 39+0.5 0.42
SIRS at admission 92(73.6%) 48(76.2%) 44(71.0%) 0.55
CAD: Coronary Artery Disease; RHD: Rheumatic Heart Disease; Non val. AF: Non
Valvular Atrial Fibrillations; LDL: Low Density Lipoprotein; NIHSS: National Institute
of Health Stroke Scale; GCS: Glasgow Coma Scale; ICH: Intracranial Hemorrhage; ML
shift: Midline shift; SIRS: Systemic Inflammatory Response Syndrome

Primary outcome: 18 (14.4%) patients died at one
month; 6 (9.7%) in metoprolol and 12 (19%) in amlodipine
group (p = 0.20). Ten patients died within 2 weeks of
admission, and eight died between weeks 2-4. On Kaplan-
Meier analysis, the occurrence of death was not significantly
different between metoprolol and amlodipine (log rank 0.94,
chi square p = 0.33; Figure 2). In subgroup analysis, mortality
in ischemic stroke (2 vs. 3, p = 0.64) and ICH (4 vs. 9 p = 0.36)
were not significantly different between metoprolol and
amlodipine group.
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Figure 2: Kaplan-Meier survival analysis showing day of death within one

months in amlodipine (Amlo) and metoprolol (Meto) groups.

Secondary outcome: None of the patients died between
one and 3 months of follow up. In metoprolol group, 45
(80.4%) patients had good outcome at 3 months, whereas
only 21 (43.3%) patients in amlodipine group had good
outcome (p < 0.001; Figure 3).

The other secondary outcome measures including GI
hemorrhage, pneumonia and sepsis were not significantly
different in metoprolol and amlodipine group (Table 2).
These outcome measures in ICH and IS were also
comparable between the metoprolol and amlodipine groups
(Supplementary Tables).

Adverse events: 13 patients had adverse events; 6 in
metoprolol and 7 in amlodipine group (p = 1.00). 6 patients
were withdrawn from metoprolol because of bradycardia,
and 5 due to hypotension and one due to drug allergy from
amlodipine. The details are presented in (Table 3).

Predictors of death and good outcome

On univariate analysis, death was associated with GCS at
admission (p < 0.001), midline shift (p = 0.02), raised Trop
I at admission (p = 0.04), size of stroke (p < 0.001), NIHSS
(p <0.001) and SIRS at admission (p = 0.04) (Supplementary
table 2). On multivariate analysis after adjusting these
variables, the independent predictor of death was GCS score
at admission (Adjusted Odds ratio 0.67; 95% confidence
interval 0.49 - 0.90; p = 0.008).

Predictors of good outcome on univariate analysis were
use of beta blocker (p < 0.001), SIRSatday 7 (p = 0.01) and at
day 15 (p < 0.001) (Supplementary table 3). On multivariate
analysis, the independent predictors of good outcome are use
of beta blocker (AOR 13.37, 95% CI 3.97 - 45.00, p < 0.001)
and SIRS at day 15 (AOR 0.14, 0.03 - 0.55, p = 0.005).
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Figure 3: Bar diagram shows modified Rankin Scale (mRS) score at

one month and 3-months in amlodipine (Amlo) and metoprolol (Meto)
groups.

Table 2: Outcome of stroke patients in amlodipine and metoprolol groups.

Outcome Total Amlodipine | Metoprolol
parameters (n=125) (n=63) (n=62) p-value
g:l::inr}; Death at 1 month | 18(14.4%) | 12(19%) 6(9.7%) 0.20
Pneumonia | 32(25.6%) | 16(25.4%) = 16(25.8%) 1.00
Sepsis 10(8%) 6(9.5%) 4(6.5%) 0.74
SIRSonday7 | 74(59.2%) | 34(59.6%) = 40(65.6%) 0.57

SIRSonday 15 | 35(28.0%) 17(32.1%)
Secondary | Gl Hemorrhage | 20(16.0%)  10(15.9%)

18(29.5%) 0.84
10(16.1%) 1.00

outcomes Outcome at
3-months
Good 66(52.8%) 21(41.2%) | 45(80.4%)  <0.001
Poor 41(32.8%) 30(588%)  11(19.6%)
Death 18(14.4%) | 12(19%) 6(9.7%)

GI: Gastrointestinal; SIRS: Systemic Inflammatory Response syndrome.

Table 3: Adverse events.

Adverse effects Amlodipine (n = 63) Metoprolol (n = 62) p - value
Total 7(11.1%) 6(9.7%) 1.00
Bradycardia 1(1.6%) 6(9.7%) <0.05
Allergy 1(1.6%) 0(0%) 1.00
Hypotension 5(7.9%) 0(0%) <0.05

Discussion

In this study, the patients on metoprolol had insignificant
mortality benefit at 1 month and surviving patients more
frequently achieved good functional recovery at 3 months.
Pneumonia, SIRS, sepsis and Gl hemorrhage were comparable
between the two treatmentarms. This randomized controlled
trial has comprehensively evaluated the effect of metoprolol
in mortality and functional outcome compared to amlodipine.
Only 2 RCTs evaluated the role of beta blocker in acute stroke
[13,25]. Barer, et al,, included 302 conscious hemispheric
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stroke patients and randomized to atenolol, propranolol or
placebo for 3 weeks. Deaths occurred more frequently in the
beta-blocker group, and the 6-month functional outcome was
not significantly different. 60 patients received beta blocker
prior to stroke, and their outcome was however better [13].
In Controlling Hypertension and Hypotension Immediately
Post-Stroke (CHHIPS) study, 179 patients were randomized
to lisinopril, labetalol or placebo. At 2 weeks, there was no
difference in mortality and dependency. At 3 months, active
treatment group had lower mortality than placebo. 96
patients had severe adverse effect, which were comparable
between the groups. Six patients required withdrawal from
labetalol, 8 from lisinopril and 4 from placebo group (CHHIPS
study) [25]. In aretrospective analysis of 841 patients, 10.6%
patients received beta blocker during hospitalization. Death
occurred less frequently in beta blocker group compared
to non-beta blocker group (6.8% versus 19%; p<0.01). Use
of beta-blocker predicted survival (AHR 0.37, 95% CI 0-16-
0.84) after adjustment of age, stroke severity, fasting blood
sugar, cholesterol and pneumonia [14]. Retrospective studies
have shown conflicting results, some have shown outcome
benefit [15,26], and others did not [27-29]. Balla, et al., have
done a meta-analysis to evaluate effect of beta- blocker on
stroke outcome including 20 studies; of which only 2 were
randomized trials. Beta blocker did not reveal benefit in
mortality, functional outcome and infection prevention.
These studies were heterogeneous and had moderate
bias [16]. Our study did not show a statistically significant
mortality benefit, although the 3 months functional outcome
was better in metoprolol group.

We have found comparable frequency of pneumonia and
sepsis in both the treatment arm. A meta-analysis of 6 studies
also have shown lack of association of beta blocker with
infection, pneumonia and sepsis [30]. Three of these studies
favored benefit of beta-blocker in preventing pneumonia
and stroke associated infection [14,15,24], 2 studies have
reported increased risk [31,32], and one did not find
increased risk of infection [33]. The benefit of beta blocker
in stroke has been attributed to reduced sympathetic drive,
myocardial arrhythmia, oxygen demand, heart failure, sepsis
and acute respiratory distress syndrome [34-37]. Increased
adrenaline impairs Th1 cell differentiation but not Th2 cells
resulting in imbalance between Th1 and Th2 cell population.
Adrenalines also suppress bone marrow and thymus;
thereby, stroke-associated infections [11]. Beta blocker in
recommended dose may not be sufficient to suppress the
amount of catecholamine released in stroke, more so in
moderate to large strokes.

In our study, GCS score was associated with mortality,
and beta blocker and SIRS at 15 days were associated
with functional outcome. Multiple studies have reported
GCS score, volume of stroke, NIHSS score, mid-line shift,
herniation, SIRS, oxidative stress markers and catecholamine
as predictors of death and disability [24,38-45]. Glasgow
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Coma Scale is an age old robust clinical scale for evaluation of
unconscious [46], and has been a predictor of not only stroke
but also for multiple causes of acute brain insult such as head
injury [47], subarachnoid hemorrhage [48], cerebral venous
sinus thrombosis, acute encephalitis ad meningitis [49,50].
SIRS at 15 days may suggest infection or ongoing immune-
mediated delayed brain edema [51].

Limitations

This study includes both infarctions and ICH which have
different pathophysiology. Moreover, the severity of stroke is
also different. Smaller sample size makes sub-analysis under-
powered. We did not consider reduction in blood pressure
as an outcome measure. Biomarkers of stress were also not
evaluated.

Highlights

1. Metoprolol in acute stroke has a disability benefit at 3
months

2. Death is similar between metoprolol and amlodipine
group.

3. Stroke associated infections are similar between the
two treatment arms.

4. Depth of coma predicted mortality.

5. 3-month outcome was associated with use of
metoprolol, and SIRS at 7% and 15% day.

Conclusion

Metoprolol is associated with good recovery of surviving
patients at 3 months compared to amlodipine. However, they
should be closely monitored for bradycardia. A large multi-
centric, double-blind, randomized controlled trial is needed
to validate these observations. Future studies including
biomarkers of stress may help clarify the mechanisms
underlying beta-blocker benefits in stroke.
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