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ABSTRACT 

Acute care environments, including emergency departments, intensive care units, and 
postoperative settings, require rapid, precise, and evidence-based pharmacological decision-
making. Patients in these settings often experience hemodynamic instability, multi-organ 
dysfunction, and complex polypharmacy, which can significantly alter drug pharmacokinetics 
and pharmacodynamics. Understanding these alterations is essential for optimizing therapeutic 
efficacy and minimizing adverse effects. Drugs with high hepatic metabolism, such as phenytoin 
and propofol, may accumulate in patients with liver impairment, whereas renally excreted 
agents, including aminoglycosides, require careful dose adjustment in patients with acute kidney 
injury. Polypharmacy further complicates the management of these patients, increasing the risk 
of drug–drug interactions and iatrogenic complications. Critical interventions, such as 
vasopressor administration in septic shock or antiarrhythmic therapy for acute arrhythmias, 
require the integration of pharmacological knowledge with real-time clinical assessment to 
achieve safe and effective outcomes. Tables summarizing pharmacokinetic considerations and 
high-risk drug interactions provide concise reference tools for clinicians in acute care settings. 
Emerging fields, including pharmacogenetics and precision medicine, offer the potential to 
individualize therapy based on genetic profiles and dynamic patient status, thereby enhancing 
safety and therapeutic accuracy. This commentary emphasizes that success in acute care 
pharmacology depends not only on understanding drug mechanisms but also on rapid and 
informed clinical decision-making. Integrating pharmacological expertise with acute care 
practice represents a vital convergence of science and clinical art that directly influences patient 
survival and recovery outcomes. 
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   Introduction 

 Acute care environments, including emergency 
departments, intensive care units (ICUs), and 
postoperative care settings, require rapid and precise 
medication-related decision-making [1]. Critically ill 
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patients often require complex drug therapies, making 
careful medication management crucial for ensuring 
both safety and effective treatment [2]. In such 
contexts, pharmacology extends beyond 
understanding drug mechanisms to include the ability 
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to predict individual responses, manage drug 
interactions, and promptly identify adverse effects [3].  

Pharmacokinetics and Pharmacodynamics in 
Acute Patients 

In ICU patients, rapid changes in hemodynamic 
status, liver and kidney function, and blood volume 
can alter drug distribution and metabolism 
unpredictably [4]. For example, drugs extensively 
metabolized by the liver, including phenytoin, 
propofol, and fospropofol, may have reduced 
clearance and increased toxicity in patients with 
hepatic impairment [5, 6]. Similarly, renally excreted 
drugs, such as aminoglycosides, require careful 
monitoring in patients with acute kidney injury [7]. A 
precise understanding of pharmacokinetic parameters, 
such as the volume of distribution, half-life, and 
metabolic pathways, combined with clinical data, 
forms the foundation for therapeutic decision-making 
in critically ill patients (Table 1). 

Management of Polypharmacy and Drug 
Interactions 

Critically ill patients are often administered multiple 
concurrent therapies, increasing the risk of drug 

interactions and adverse effects [8]. For example, 
concurrent administration of vasopressors and 
antiarrhythmic drugs may have additive effects on 
blood pressure and cardiac rhythm. Regular 
medication review, along with the use of updated 
pharmacologic databases and clinical guidelines, is 
essential for reducing medication errors and 
improving patient safety (Table 2). 

Clinical Examples and Practical Applications 

I n septic shock, the appropriate selection of 
vasopressors and dosing of broad-spectrum 
antibiotics requires rapid assessment of hemodynamic 
status, renal and hepatic function, and drug 
pharmacokinetics. In the management of acute 
arrhythmias, careful drug selection is essential to 
maintain therapeutic efficacy while minimizing the risk 
of QT prolongation and secondary arrhythmias. These 
examples underscore the need to integrate 
pharmacological knowledge with clinical expertise to 
deliver safe and effective care in acute settings. Clinical 
monitoring of the QT interval is essential in patients 
receiving QT-prolonging agents, such as amiodarone. 
Baseline and serial ECG assessments are 
recommended, particularly in critically ill patients with 
fluctuating metabolic and hemodynamic statuses. 

Table 1.  Pharmacokinetic and pharmacodynamic changes of drugs in acute care patients 

Drug Metabolism 
Pathway 

Effect of  Renal 
Impairment 

Effect of  Hepatic 
Impairment 

Key Clinical 
Considerations 

Phenytoin Hepatic 
(CYP2C9/19) 

Generally stable, but 
serum levels may 

fluctuate 

Reduced metabolism 
→ drug accumulation 

Monitor serum levels; adjust 
dose in severe liver 
impairment 

Propofol Hepatic and 
biliary 

excretion* 

Generally unchanged Reduced metabolism 
→ prolonged effect 

Requires close monitoring 
of  sedation depth and blood 
pressure 

Aminoglycosides 
(Gentamicin) 

Renal Rapid accumulation → 
nephro- and ototoxicity 

Minimal effect Requires precise dosing and 
serum level monitoring 

Vasopressors Variable Hemodynamic effect 
may increase 

Drug-dependent Continuous monitoring of  
blood pressure and heart 
rate 

* Note: Pulmonary uptake, redistribution, and extrahepatic clearance (including lung metabolism and tissue sequestration) 
contribute to propofol elimination, particularly during prolonged infusion in critically ill patients. 

Table 2.  Common Acute Care Drugs and Risk of Drug Interactions 

Drug Drug Class High-Risk 
Interactions 

Clinical Risk Management 
Considerations 

Norepinephrine Vasopressor Antiarrhythmics, 
diuretics 

Hypertension/hypotension, 
arrhythmia 

Continuous hemodynamic 
monitoring 

Broad-Spectrum 
Antibiotics 

Antibiotic Anticoagulants, 
NSAIDs 

Increased risk of  bleeding 
or nephrotoxicity 

Assess interactions; adjust 
dose 

Amiodarone Antiarrhythmic Vasopressors, 
digitalis 

QT prolongation (dose-
dependent; torsades de 
pointes is rare, <1%), 

arrhythmia 

Monitor ECG and electrolytes 

Morphine Opioid Benzodiazepines, 
CNS depressants 

Respiratory depression, 
sedation 

Monitor respiration and 
consciousness 
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Therapy should be re-evaluated or discontinued 
when QTc exceeds 500–550 ms or when there is an 
increase of more than 60 ms from baseline. The risk 
of malignant arrhythmias is further increased in the 
presence of electrolyte disturbances, including 
hypokalemia, hypomagnesemia, and bradycardia. 
Continuous ECG monitoring in intensive care settings 
enables the early detection of arrhythmic risk and 
timely pharmacological intervention. 

Future Directions: Pharmacogenetics and 
Precision Medicine  

Recent advances in pharmacogenetics, predictive 
modeling of drug responses, and targeted drug 
delivery suggest a future in which medications can be 
selected and dosed based on individual genetic profiles 
and real-time clinical statuses [9]. These innovations 
have the potential to significantly enhance the 
precision and safety of therapy in acute care settings 
[10]. 

Conclusion 

Success in acute care pharmacology requires not only 
mastery of drug mechanisms but also the ability to 
rapidly analyze clinical data and make evidence-based 
decisions in real-time. Pharmacology in acute care 
represents the integration of pharmacological 
principles with real-time clinical decision-making, 
which directly impacts patient survival and recovery. 
The tables provide a concise, practical overview of 
pharmacokinetic changes and drug interaction risks 
and serve as reference tools for clinical decision-
making. 
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