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ABSTRACT

Background: Septic shock, particularly due to ventilator-associated pneumonia (VAP), is a
significant cause of mortality in critically ill patients. Traditional treatments include antimicrobial therapy,
fluid resuscitation, and vasopressors. However, recent interest has emerged in using (-blockers to
modulate the hyperadrenergic state seen in sepsis. [3-blockers, like metoprolol, may improve cardiac
efficiency, reduce myocardial oxygen demand, and ultimately enhance patient outcomes.

Objective: This study aimed to assess the impact of administering intravenous metoprolol
tartrate on the mortality rates of patients with septic shock due to VAP.

Methods: This study employed a randomized clinical trial design within the Intensive Care
Units of Alexandria Main University Hospital. A cohort of 100 patients diagnosed with septic
shock due to ventilator-associated pneumonia (VAP) patrticipated in the trial. Upon achieving
hemodynamic stabilization, participants were randomly assigned to either receive standard care
alone or standard care supplemented with intravenous metoprolol. Variables of interest included
assessing 28-day mortality rates, duration of ICU stay and mechanical ventilation, reliance on
intravenous fluids and vasopressors, acid-base balance, lactate levels, inflammatory markers, and
mean arterial pressure (MAP). This comprehensive approach aimed to evaluate the impact of
metoprolol on critical outcomes in this patient population.

Results: The administration of intravenous metoprolol tartrate resulted in significant clinical
benefits, including lower 28-day mortality rates (P = 0.013), shortened durations of ICU stay
(P < 0.001), and reduced mechanical ventilation periods (P < 0.001). These outcomes were
explained by the observed decreased reliance on intravenous fluids and vasopressors (P <
0.001), improved acid-base balance and lactate levels. The rapid reduction of inflammatory
markers (P < 0.001) and the sustained improvement of MAP in the metoprolol group compared
to the control group further contributed to the explication of these findings.

Conclusion: Intravenous metoprolol tartrate effectively controlled inflammation, optimized
hemodynamics, and improved patient outcomes compared to standard care, suggesting it as a
beneficial adjunct in the management of septic shock.

Trial registration: PACTR202404531355476.
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INTRODUCTION

Sepsis and septic shock are significant challenges
in global healthcare, annually impacting millions and
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causing considerable mortality." The sepsis term
indicates life-threatening organ dysfunction arising
from the body’s dysregulated response to infection;
septic shock represents a severe state character-
ized by circulatory and cellular irregularities, signifi-
cantly increasing mortality risks.>® Pneumonia not
only leads to most sepsis cases in ICU patients, but it
also complicates ventilator management. Ventilator-
associated pneumonia (VAP) affects approximately
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one third of mechanically ventilated patients and has
a 4.6% mortality rate.*®

Symptoms of septic shock start with fever, rapid
heart rate, and decreased alertness, progressing to low
blood pressure, cool extremities, and organ-specific
dysfunction.® Managing septic shock involves prompt
resuscitation, the initiation of antimicrobials within one
hour of recognition, hemodynamic stabilization, venti-
lation strategies, and judicious use of additional thera-
pies.2” Excessive adrenergic response in septic shock
causes a cascade of physiological changes, which
impact immune function,® thrombogenicity,® metabolic
efficiency,’® and cardiac function.”"® High plasma cat-
echolamine levels correlate with poor outcomes.™

Beta-blockers like metoprolol,'™ despite concerns,'®
offer potential benefits in managing septic shock by
mitigating the adrenergic surge,’”'® improving cardiac
and pulmonary function,®? and modulating the inflam-
matory response.?! It was hypothesized that achieving
heart rate control to a specified limit using intravenous
metoprolol tartrate in patients with septic shock due to
VAP would confer significant clinical benefits. Reducing
heart rate should increase diastolic filling time, thereby
increasing cardiac diastolic filling and overall hemo-
dynamic stability. This improvement was expected to
positively affect patient outcomes, including 28-day mor-
tality rates. In addition, the study monitored duration of
mechanical ventilation, length of ICU stays, and perfu-
sion parameters to evaluate the overall impact of meto-
prolol administration.

METHODS

This randomized clinical trial was conducted in
the 122-bed general Intensive Care Unit (ICU) at
Alexandria Main University Hospital, Alexandria,
Egypt. Inclusion criteria included patients with septic
shock from VAP, maintaining hemodynamic stability
(consistent mean arterial pressure [MAP] = 65 mmHg
and unchanged vasopressor dosages for =3 hours),
preserved left ventricular ejection function (LVEF >
45% without significant valvular abnormalities), ade-
quate sedation (Richmond Agitation—Sedation Scale
score 0 to —3), and heart rate >100 beats per min-
ute. Ventilator-associated pneumonia was identified

using guidelines provided by the American Thoracic
Society and Infectious Diseases Society of America.?
Exclusion criteria included pregnancy, chronic beta-
blocker use, and beta-blocker contraindications.

Patients were randomized to receive either con-
ventional management or conventional management
plus intravenous metoprolol tartrate (Metopronad, Inad
Pharma, Giza, Egypt). Metoprolol was not adminis-
tered as a continuous maintenance dose; instead, it
was given on an as-needed basis in response to ele-
vated heart rates. When a patient’s heart rate exceeded
80 beats per minute, metoprolol tartrate was adminis-
tered in increments of 2.5-5 mg intravenously with
doses repeated every 2—-5 minutes as necessary. The
total cumulative dose was limited to a maximum of
15 mg over 10-15 minutes. The goal of this dosing reg-
imen was to achieve a target heart rate of 70-80 beats
per minute. No routine or maintenance dosing was pro-
vided; metoprolol was administered only in response to
heart rate elevations above the specified threshold. The
administration was discontinued if mean arterial pres-
sure fell below 65 mmHg, heart rate deviated from the
target range, or severe arrhythmias developed.

Standard treatment protocols followed surviving
sepsis guidelines, with antibiotic administration guided
by treating clinicians. Arterial and central venous blood
samples were analyzed for blood gas parameters, lac-
tate levels, haematology, biochemistry, kidney and liver
function, coagulation profile, and inflammatory markers,
such as procalcitonin and C-reactive protein. Baseline
and post-randomization data included hemodynamic
measurements, laboratory variables, blood gas anal-
yses, and norepinephrine requirements, and adverse
events.

STATISTICAL ANALYSIS

Statistical analyses were conducted using Stata®
software version 16 (StataCorp LLC, Texas, USA), with
all hypotheses constructed as two-tailed tests and sig-
nificance set at p < 0.05. The Shapiro—Wilk test was
used to assess the normality of data, revealing a non-
parametric distribution. Continuous variables were
reported as medians with interquartile ranges (IQR),
while categorical variables were reported as frequencies
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and percentages. Comparisons of categorical variables
were performed using the Chi-square test or Fisher
exact test as appropriate. Pairwise comparisons of
continuous variables were conducted using the Mann-
Whitney test. The Friedman test, serving as a non-par-
ametric alternative to repeated measures analyses of
variance (ANOVA), was employed for comparisons
involving multiple measurements.

REsuLTS

Patient Recruitment: After achieving hemodynamic
optimization, 100 patients were included in the study
for primary analysis after exclusion and randomization
(Figure 1).

Demographic data: Parameters, including age, sex,
APACHE Il score, SOFA score, hypoxic index, comor-
bidities, and pathogen spectrum, demonstrated harmo-
nious distribution among the study groups, ensuring a
robust foundation for comparative analysis. The time
from shock onset to randomization was similar between
groups, indicating no significant timing bias (Table 1).

Study drug dosage stability: Intravenous metoprolol
tartrate maintained a stable dosage over time, with a
median of 15 mg (IQR, 12.5-20); this did not exceed
the specified maximum daily dosage of 15 mg. The sta-
bility observed in metoprolol dosage establishes a foun-
dation for its controlled administration, ensuring safety
while exploring its therapeutic potential.

Hemodynamic variables and therapies: In adher-
ence to a target heart rate range of 70/min to 80/min,
the metoprolol group exhibited consistently lower heart
rates throughout the intervention period compared to
the control group. The median AUC substantiated this
difference, underscoring 76/min (IQR, 75 to 80) for the
metoprolol group versus 90/min (IQR, 110 to 125) for
the control group (P < .001) (Figures 2, 3).

Intravenous fluid: Beyond heart rate modulation,
the metoprolol group had reduced intravenous fluid
requirements with a median of 12.8 L (IQR, 11-14.25)
versus 16.7 L (IQR, 16-17.9). The metoprolol group
had decreased vasopressor requirement recording a
median of 88.6 mg (IQR, 83-97.5) vs 126.5 mg (IQR,
112.8-147.1) for the control group, and it had superior
maintenance of MAP.

1175 ICU patients with septic shock due to VAP
assessed for eligibility

B3 Excluded:

- 30 Heart rate < 100 bpm

- 3 Consent denied

- 17 previous B-blockers therapy
- 13 with heart disease

|||I] Randomized |

[ |
95 Randomized to recieve 95 Randomized to recieve
usual care IV metopralol tartrate

I 93 recieved usual care I | 55 recieved IV metoprolul tartrate |

3 Excluded:

- 2 persistent hypotension
- 2 Bradycardia
- | Bronchospasm

| 90 Included in the primary analysis " 90 Included in the primary analysis

Figure 1. Patients’ enrolment in the study.

175 patients were screened initially for eligibility,
excluding 47 with heart rates below the target or prior
B-blocker therapy, three due to unattainable informed
consent, and 15 with valvular heart diseases. This left
110 patients, randomly assigned to the study groups in a
1:1 ratio. Five patients from the metoprolol group were
excluded due to complications, resulting in 100 patients
for primary analysis.

Inflammatory markers: The control group and the
metoprolol group both had significant reductions in C
reactive protein levels during follow-up compared to
their admission levels. In the control group the median
CRP level decreased from 225.5 mg/dl on admission
to 79 mg/dl on follow-up; in the metoprolol group CRP
decreased from 243.5 mg/dl to 61 mg/dl. The metopr-
olol group showed a significantly greater decrease in
CRP levels compared to the control group at the final
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Table 1. Patients’ Baseline Characteristics
| Control Group | Metoprolol Group | P
A. Demographics
Age, years 61 (55-66.7) 60 (55-65) 0.607
Males, (No.), % 25 (51.1%) 25 (50%) 0.841
Females, (No.), % 24 (48.9%) 25 (50%)
B. Disease Severity
APACHE II score 22 (19-24) 22.5(20-24) 0.100
SOFA score 15 (13-16.5) 14 (13-17) 0.633
Time since the onset of shock state to 24 (24-306) 25 (20-306) 0.843
randomization (hours)
C. Associated co-morbidities, No. (%)
Hypertension 35 (70%) 29 (58%) 0.265
Diabetes mellitus 20 (40%) 30 (60%) 0.063
Cerebrovascular events 0 3 (6%) 0.186
Chronic kidney disease 3 (6%) 5 (10%) 0.413
Chronic obstructive pulmonary disease 6 (12%) 9 (18%) 0.420
Endocrinal diseases 1 (2%) 4 (8%) 0.338
Others 5(10%) 8 (16%) 0.776
D. Pathogens, No. (%)
Pseudomonas spp 15 (30%) 11 (22%) 0.912
Klebsiella spp 10 (20%) 14 (28.5%) 0.795
Acinetobacter spp 13 (26%) 16 (32.6%) 0.863
Escherichia Coli 3 (6%) 2 (4%) 0.607
Staphylococcus aureus 4 (8%) 5 (10%) 0.728
Others 12 (24%) 7 (14%) 0.677
E. Vital signs
Heart Rate 133 (113-141.5) 130.5 (117.5-138.2) 0.939
Mean arterial pressure (mmHg) 67 (65-69) 65.5 (65-68) 0.509
Respiratory rate 24 (20-27) 24 (21-26) 0.868
Temperature (°C) 38.5(37.8-39.3) 38.5(37.8-39.2) 0.771
F. Hematological data
Hemoglobin (g/dl) 11.3 (10.5-11.9) 11.4 (10.6-12.4) 0.359
WBCs (X 10*/cmm) 23.5(21-23.5) 22.7 (21-28.7) 0.143
G. Kidney functions & Electrolytes
Urea (mg/dl) 124.5 (114-132) 124.5 (113.7-137.7) 0.091
Creatinine (mg/dl) 2.5(1.2-5.6) 2.4 (1.6-5.3) 0.964
Sodium (mmol/1) 136 (134-139) 136 (133.7-139) 0.806
Potassium (mmol/I) 4(3.94.3) 4.1(3.84.3) 0.862
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Table 1. Patients’ Baseline Characteristics (Continued)

| Control Group | Metoprolol Group | P
H. Arterial blood gases
pH 7.3 (7.29-7.34) 7.3 (7.29-7.33) 0.106
PaCo, (mmHg) 36.9 (31.7-39.5) 38.8 (34.542.3) 0.068
PaO, (mmHg) 74.04 (70-77.9) 75.07 (70.5-81) 0.49
HCO; (mmHg) 17.6 (14-19) 16.9 (15.4-19.8) 0.912
Hypoxic index 176.5 (150-200) 175 (155-200) 0.893
Lactate (mmol/I) 10.1 (8.3-12.1) 10.2 (8.7-12.7) 0.296
I. Inflammatory Markers
C-reactive protein (mg/dl) 225.5 (198-256.7) 243.5 (215-265) 0.0721
Procalcitonin (ng/dl) 33 (29.15-35.8) 32.9(27.82-38.4) 0.134

All values are presented as median (interquartile range)
P: Comparing both groups
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Figure 2. Line graph for the changes of heart rate over

time in both groups.
This figure illustrates the temporal changes in HR and

MAP in both groups over 120 hours post-randomization.

HR in the control group gradually declined from

133 bpm to 90 bpm till reaching a plateau indicating
a steady physiological response with improvement

in hemodynamics, while metoprolol rapidly reduced
HR from 130.5 bpm to around 77 bpm in an average
of 36 hours. MAP in controls increased slightly from
67 mmHg to 76 mmHg, contrasting with metoprolol’s
marked rise to 92 mmHg.
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Figure 3. Line graph for the changes of mean arterial
pressure over time in both groups.

This figure illustrates the temporal changes in HR

and MAP in both groups over 120 hours post-
randomization. HR in the control group gradually
declined from 133 bpm to 90 bpm till reaching a
plateau indicating a steady physiological response
with improvement in hemodynamics, while metoprolol
rapidly reduced HR from 130.5 bpm to around 77 bpm
in an average of 36 hours. MAP in controls increased
slightly from 67 mmHg to 76 mmHg, contrasting with
metoprolol’s marked rise to 92 mmHg.
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Table 2. Laboratory Data After Resolution of Shock

Control Group Metoprolol Group P
Hemoglobin (g/dl) 11.1(10.3-12.2) 11.5(10.7-12.6) 0.488
WBCs (X 10*/cmm) 8.4 (7.6-9.7) 8.7 (7.5-9.7) 0.942
Urea (mg/dl) 42.4 (32.6-47.6) 43.4 (34.5-51.2) 0.436
Creatinine (mg/dl) 1.7 (1.3-2) 1.6 (1.2-1.8) 0.385
Sodium (mmol/1) 138.5 (135.7-141) 138.5 (135-141) 0.763
Potassium (mmol/I) 4.1 (3.9-4.5) 4.2 (3.9-4.5) 0.283
Arterial blood gases
PH 7.39 (7.37-7.42) 7.40 (7.38-7.45) 0.009%*
PaCo, (mmHg) 41.3 (37.7-43.8) 43 (40.5-45.3) 0.025*
HCO; (mmHg) 23.7 (22.5-24.9) 26 (24.7-27.4) <0.001***
PaO, (mmHg) 93.7 (90.7-96.5) 92.8 (90-95) 0.316
Lactate (mmol/l) 1.8 (1.6-1.9) 1.3 (0.9-1.7) <0.001%**
Hypoxic index (PaO,/FiO, ratio) 209 (192-208) 207.8 (195.5-211) 0.786
Inflammatory Markers
C-reactive protein (mg/dl) 79 (74-84.2) 61 (54.7-67.2) <0.001%***
Procalcitonin (ng/dl) 2.3(1.9-2.7) 1.6 (1.1-1.9) <0.001***

All values are presented as median (interquartile range).

The hypoxic index (PaO,/FiO, ratio) is the ratio of arterial oxygen partial pressure (PaO,) to the fraction of inspired oxygen (FiO,), used to assess the
severity of hypoxemia. Lower PaO,/FiO, values indicate more severe oxygenation impairment.

P: comparing both groups

assessment (p < 0.001) (Table 2). Both groups had sig-
nificant reductions in procalcitonin levels after the res-
olution of the shock state. The control group’s median
procalcitonin level decreased from 33 ng/dl initially to
2.3 ng/dl on follow-up, while the metoprolol group’s
decreased from 36.2 ng/dl to 1.6 ng/dl. The improve-
ment in procalcitonin levels was significantly better in
the metoprolol group compared to the control group
(P < 0.001) (Table 2).

Acid-base and metabolic dynamics. Metoprolol
administration had notable effects on acid-base balance
and metabolic parameters. There were higher median
areas under the curve observed for arterial pH and HCO,
and lower median AUC for serum lactate concentration
compared to the control group. However, it is important to
note that while these differences reached statistical sig-
nificance, their clinical relevance may be limited, as met-
abolic variables remained within normal ranges in both
groups. Hypoxic index and oxygen saturation remained
similar between the two groups (Table 2).

Ventilator parameters: On comparing ventilator
parameters on randomization and before weaning,
a significant improvement in both control and meto-
prolol groups was noted (P, < 0.001). However, this
improvement couldn’t have been attributed to metopr-
olol administration, as there were no significant differ-
ences between the groups. The observed improvement
is likely due to standard management protocols during
treatment (Table 3).

Organ function and injury markers: Metoprolol tar-
trate administration did not have a significant impact on
kidney or liver functions, as indicated by the lack of sig-
nificant differences between the two groups.

Outcome data: The metoprolol group had a 28-day
mortality rate of 49.4%, significantly lower than the con-
trol group of 80.5% (P < 0.001). The survival trajectory
exhibited by the metoprolol group included a reduction
in both the duration of mechanical ventilation and ICU
stay. It is noteworthy that metoprolol administration did
not reduce in hospital mortality (Figure 4).
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Table 3. Ventilator Settings of Patients at Randomization and at weaning

Control Group Metoprolol Group P
Mode of ventilation PA-C PA-C
Tidal volume (VT) (ml)
At randomization 520 [498.5-550] 520 [500-540] 0.609
At weaning 560 [543-584] 572 [553.5-594] 0.104
P, <0.001%** <0.001%*%*
Respiratory Rate (breaths/minute)
At randomization 24 [20-27] 24 [21-26] 0.868
At weaning 15[14-16] 15[12-16] 0.336
P, <0.001%** <0.001%**
Positive End-Expiratory pressure (PEEP) (¢cmH,0)
At randomization 9 [8-10] 9 [8-9] 0.216
At weaning 5 [5-6] 5 [5-6] 0.667
P, <0.001%*** <0.001***
Peak inspiratory pressure (PIP) (cmH,0)
At randomization 29 [26.5-30.5] 29 [28-30] 0.606
At weaning 23 [22.5-26] 25 [23-27] 0.119
P, <0.001%*** <0.001***

All values are presented as median (interquartile range)

P: compares the control and metoprolol groups at the same time point (either at randomization or at weaning).
P,: compares values within the same group between randomization and weaning.

Discussion

The management of septic shock, a life-threaten-
ing condition, has improved due to advances in medical
care. Early detection and prompt initiation of antimicro-
bial therapy alongside advanced life support measures
have notably improved patient outcomes during the
initial resuscitation phase.? However, patients remain
susceptible to infections within the ICU following suc-
cessful resuscitation, and VAP is a significant concern.®
Ventilator-associated pneumonia is closely linked to
prolonged mechanical ventilation and extended ICU
stays. The diagnosis relies on a triad of clinical, micro-
biological, and radiological criteria.?>?* Prompt adminis-
tration of appropriate antimicrobial therapy is crucial for
limiting its impact on patient outcomes.

The use of B-blockers has received attention in the
management of various critical illnesses, including sep-
sis.'®'® Prior observational studies have suggested a

correlation between f-blocker therapy and improved
survival rates in critically ill patients.?%" In addition,
early administration of short-acting p-blockers has
shown promise in reducing sepsis mortality rates within
28 days."

The rationale for using p-blockers in septic patients
stems from the intricate dynamics of the sympathetic
nervous system and the baroreflex responses in sep-
sis. Initially, during sepsis, the sympathetic nervous
system maintains cardiac output and blood pressure by
modulating heart rate, contractility, and vascular tone.
This compensatory mechanism is reflected in early
sepsis-induced tachycardia, which serves to offset
decreased stroke volume, indicative of effective barore-
flex activity. Moreover, adequate volume resuscitation
typically leads to a reduction in heart rate because of
the compensatory nature of tachycardia.?®?°

However, in septic shock, this delicate balance is
oftendisrupted. Elevated catecholamine levels contribute
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Figure 4. Summary of the study outcomes.

Figure 4 shows the Kaplan-Meier survival curves for
patients in the Metoprolol and Control groups over a
30-day period. The survival rate for both groups starts
at 100% and declines over time. Notably, the Control
group demonstrates a more rapid decline in survival
compared to the Metoprolol group, particularly after
day 10, which suggests a potential survival benefit for
patients receiving metoprolol.

to a hyperadrenergic state, which can compromise the
baroreflex response. This manifests as sustained tach-
ycardia, persisting despite sufficient fluid resuscitation
and analgesia, signifying excessive sympathetic stim-
ulation. Notably, persistent tachycardia, even following
norepinephrine infusion, is associated with a signifi-
cantly elevated mortality risk due to depleted compen-
satory mechanisms. Prolonged tachycardia imposes
strain on the heart by increasing oxygen demand, limit-
ing diastolic filling, and eliciting direct cardiotoxic effects,
and this underscores the critical need for effective man-
agement strategies in septic patients.>°

Hence, there is a growing interest in exploring inter-
ventions to address tachycardia in septic patients, given
its implications for patient outcomes. Our randomized
controlled trial involving 100 patients with ventilator-
associated pneumonia-induced septic shock and high
mortality risk aimed to study thisissue. However, address-
ing tachycardia in septic shock remains complex, while
reducing heart rate may interfere with compensatory

metoprolol group 16 days vs 19 days in the control
group. Patients in the metoprolol group were liberated
earlier from mechanical ventilation.

mechanisms, maintaining excessive tachycardia may
compromise organ perfusion.®' Moreover, the optimal
timing for intervention and heart rate threshold remains
undefined. In our study, we proposed a heart rate range
of 70/min to 80/min as a suitable compromise between
enhancing cardiac performance and maintaining sys-
temic hemodynamics and limiting excess sympathetic
activity, which was safely achieved within the initial
48 hours of treatment.

This study not only revealed promising outcomes
but also helps explain the underlying mechanisms con-
tributing to its potential clinical benefits. The precise
modulation of heart rate dynamics by metoprolol was
translated into tangible improvements in tissue perfu-
sion, as evidenced by lower intravenous fluid require-
ments and reduced vasopressor consumption. The
metoprolol group demonstrated superior MAP main-
tenance, indicating a positive influence on systemic
vascular resistance and cardiac output. The observed
anti-inflammatory effect, characterized by reduced pro-
calcitonin and CRP levels, suggests a potential modu-
lation of the immune response, further contributing to
hemodynamic stability.

The differences in metabolic variables were sta-
tistically significant between the groups and included
higher arterial pH and HCO; levels and a lower serum
lactate concentration in the metoprolol group. Notably,
despite these observed differences, both groups had
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values within normal clinical ranges, indicating poten-
tial limitations in their clinical relevance.

The substantial clinical impact became evident in
the outcome data, with the metoprolol group having a
significantly lower 28-day mortality rate than the control
group. This enhanced survival was accompanied by a
shorter duration of mechanical ventilation and ICU stay,
pointing toward a potential role of metoprolol in improv-
ing recovery. These findings contribute to the growing
discourse on the potential clinical advantages of meto-
prolol intervention in the context of septic shock, offering
a multifaceted perspective on its impact across various
physiological parameters and clinical outcomes. Our
findings agree with previous literature supporting the
use of B-blockers in septic shock management. Studies
have consistently demonstrated benefits in hemody-
namics,*?3® fluid requirements,'?%* and mortality rates
associated with B-blocker therapy.***¢ For instance,
Morelli et al." found that esmolol significantly improved
hemodynamic stability and reduced mortality in patients
with septic shock. Similarly, our findings support the
outcomes observed in the study by Fuchs et al.,? which
explored the continuation of chronic beta-blocker ther-
apy in patients with septic shock, highlighting potential
benefits in maintaining beta-blocker therapy during
acute illness, including improvements in hemodynamic
stability and possibly mortality outcomes. Another study
by Macchia et al.>* demonstrated a significant reduction
in mortality rates with p-blocker use in septic patients.

LIMITATIONS

The study has some limitations. The sample size of
patients may not be adequate to generalize the findings
to the broader population of patients. The single-center
design restricts the applicability to different clinical set-
tings. Measurement timing may have missed dynamic
changes, affecting accuracy. Excluding patients with
adverse events may underestimate risks. These limita-
tions highlight the need for larger, multi-center trials and
comprehensive follow-up.

CONCLUSION

In conclusion, our results suggest that the admin-
istration of metoprolol in septic shock secondary to

VAP significantly improves hemodynamics, enhances
tissue perfusion, and contributes to favourable clini-
cal outcomes. The observed modulation of heart rate
dynamics and the associated anti-inflammatory effects
underscore the potential therapeutic benefits of metopr-
olol in the intricate landscape of septic shock manage-
ment. Further exploration through larger-scale trials is
warranted to validate and refine our observations and
perhaps identify precision interventions in critical care.
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