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introduction
Actuality: The escalating challenge of multidrug-resistant Acinetobacter baumannii (MDR-AB) infections, particularly in hospital settings, underscores the critical need for effective therapeutic interventions and the pivotal role of pharmaceutical care in their administration. Colistin, an antibiotic of last resort for MDR-AB, has garnered significant attention due to its effectiveness. Still, its resurgence as a crucial therapy against multidrug-resistant Acinetobacter baumannii (MDR-AB) infections has been accompanied by concerns over its nephrotoxic effects, resistance development, and the overall patient and healthcare provider experience. Innovative combinations, such as colistin with clofoctol, have been explored for their synergistic bactericidal effects, particularly against colistin-resistant Gram-negative lung pathogens, supporting the development of novel formulations for difficult-to-treat airway infections [14]. Notably, combinations of colistin with other antibiotics, such as amikacin at subinhibitory concentrations, have shown efficacy in eradicating strains and inhibiting the development of colistin dependence [24]. Research indicates that colistin-based combinations, such as those with vancomycin, aztreonam, and imipenem, exhibit synergistic activities against resistant strains, offering a viable approach to treatment. In addressing colistin resistance, researchers have identified combination therapies as potential strategies. Furthermore, the protective effect of combination therapy against the development of colistin resistance has been demonstrated, suggesting its potential to preserve colistin's efficacy and prevent resistance emergence [13]. The potential for pharmaceutical interventions to optimize colistin therapy has been explored, with findings suggesting that combinations of colistin with other antibiotics can inhibit the development of colistin dependence and enhance therapeutic efficacy [24]. Thus, pharmaceutical care is crucial in navigating these therapeutic advancements and challenges. By ensuring the judicious use of colistin and other antibiotics, pharmacists optimize treatment regimens, minimize potential adverse effects, and steward antibiotic use to mitigate the development of resistance. This comprehensive approach to pharmaceutical care encompasses patient-centered interventions, from medication management to education and support, tailored to the complexities of treating MDR-AB infections.

Aim: 
This study aims to establish the features of pharmaceutical care in using colistin in treating patients with multidrug-resistant infections.

Tasks: 
· To determine the specifics of prescribing colistin to treat multidrug-resistant infections. 
· To determine the frequency of use of colistin in clinical practice.
· To determine the peculiarities and features of colistin in treating infectious processes. 
· Evaluating and optimizing pharmaceutical care practices in administering colistin to treat multidrug-resistant infections.
· Emphasizing advances, challenges, and the indispensable role of pharmaceutical care in optimizing patient outcomes.


The object of the study: 
Pharmaceutical care in the use of colistin in multidrug-resistant infections

The subject of the study:
The study will evaluate strategies to minimize the impact of colistin toxicity on overall patient health.

Research materials and method:
This work will include data from worldwide websites, analytical reports, and clinical research regarding the effectiveness of colistin in treating multidrug-resistant infections.

Methods: analytical and statistical.

Expected scientific innovation: 
This study will provide strategies that could enhance therapeutic outcomes while minimizing the risks associated with colistin use.

Practical significance of the obtained results.
The information gathered in this study will focus on how structured pharmaceutical care can support the judicious use of colistin, ensuring that its administration is effective against infections and sustainable in preventing resistance development.


Section 1
Literature review
1.1. The Use of Colistin in Patients with Multidrug-resistant Infections
1.1.1. Overview of multidrug-resistant Infections
Acinetobacter baumannii, a major nosocomial pathogen, poses significant challenges due to its capability to develop resistance against multiple drugs, making treatment options increasingly limited. This bacterium primarily affects critically ill patients in hospital settings, particularly those in intensive care units, and is associated with various infections, including pneumonia, bloodstream infections, and meningitis. The persistence and resilience of A. baumannii are attributed to its ability to rapidly acquire resistance mechanisms, which include enzymatic degradation of antibiotics, altering drug targets, efflux mechanisms, and biofilm formation, which shields it from both antimicrobial agents and the host immune system [18, 20]. 
Colistin, a polymyxin antibiotic, is often employed as a last-resort treatment for infections caused by multidrug-resistant strains of A. baumannii. Its use is predicated on its ability to disrupt the bacterial cell membrane, a mechanism distinct from other antibiotics. It is one of the few effective treatments against strains resistant to carbapenems and other critical antibiotics.  However, the emergence of colistin-resistant strains has been reported, complicating treatment scenarios significantly. The development of resistance to colistin can occur rapidly, rendering it ineffective and leading to treatment failures in critical clinical situations [3, 25].
This growing resistance underscores the need for stringent antibiotic stewardship and the development of new therapeutic strategies or combinations of existing drugs to effectively manage infections caused by multidrug-resistant A. baumannii. Research into new agents, such as the antimicrobial peptide Esc (1-21) and its synergistic potential with colistin, provides hope for future treatment options [36]. 

1.1.2. Importance of Colistin in Treating Multidrug-Resistant Infections
Colistin, also known as polymyxin E, is a vital antibiotic for combating infections caused by multidrug-resistant Gram-negative bacteria, including Acinetobacter baumannii. Its significance in clinical settings has risen with the spread of antibiotic resistance, where other, more conventional treatments fail [2]. As a last-resort antibiotic, colistin's role has evolved from rarely used due to its nephrotoxicity to becoming indispensable in treating life-threatening infections without alternatives. 
The effectiveness of colistin against multidrug-resistant A. baumannii is particularly critical given the organism's ability to survive in hospital environments and its propensity to develop resistance against most antibiotics. Colistin works by disrupting the bacterial cell membrane, a mechanism that is different from that of other antibiotics, making it one of the few treatments effective against carbapenem-resistant strains [1, 33]. 
However, the resurgence of colistin's use has come with challenges, chiefly the development of resistance. Colistin resistance in A. baumannii is increasingly reported, often involving modifications to the bacterial surface that reduce colistin's binding capacity, thereby diminishing its efficacy. The heteroresistance seen in A. baumannii further complicates treatment. 
Indicates the presence of both susceptible and resistant bacterial populations within the same infection, leading to treatment failures and the need for alternative strategies [ 3, 15]. 
Given these challenges, combination therapies involving colistin and other drugs like rifampicin have been explored to enhance efficacy and reduce resistance development. Studies have shown that these combinations can lead to synergistic effects, improving outcomes in severe infections [33, 36]. For example, the combination of colistin and rifampicin was particularly effective, offering a higher microbiological eradication rate and better clinical outcomes in some cases [10]. 
Moreover, innovative administration routes such as intrathecal and intraventricular injections have been utilized to treat central nervous system infections caused by multidrug-resistant A.  baumannii. These injections provide high local concentrations of colistin at the site of infection, which are critical for overcoming the poor penetration of the blood-brain barrier [15]. 
Despite its renewed importance, the use of colistin must be carefully managed to prevent further resistance development. The postantibiotic effects of colistin provide a rationale for dosing strategies that might prevent resistance but require careful clinical management to avoid toxicity [3]. Additionally, ongoing research into new antimicrobial peptides and their combinations with colistin offers hope for future treatments that can effectively tackle infections by multidrug-resistant bacteria without the side effects associated with colistin [36]. 
1.1.3. Need for Pharmaceutical Care in Colistin Therapy
Pharmaceutical care in colistin therapy is crucial due to the antibiotic's complex pharmacokinetics, potential for severe nephrotoxicity and neurotoxicity, and its role as a last-resort treatment for infections caused by multidrug-resistant Gram-negative bacteria. Understanding the dynamics of colistin usage, its interactions with other drugs, and monitoring patient responses are pivotal to maximizing efficacy while minimizing risks [13]. 
Colistin's role as a critical tool against drug-resistant infections necessitates a careful approach to its administration. Despite its powerful antibacterial properties, colistin's use is associated with significant adverse effects, particularly nephrotoxicity, which remains a primary concern even with modern dosing strategies. Thus, regular monitoring of renal function is essential when administering this drug, especially in critically ill or elderly patients who are more susceptible to kidney damage [32]. 
Moreover, the variability in colistin's efficacy, depending on the infection site and the pathogen involved, requires precise dosage adjustments and sometimes combination therapy to enhance its effectiveness and prevent resistance development. For instance, combining colistin with other antibiotics like rifampicin or carbapenems has been explored to achieve synergistic effects against formidable pathogens like Pseudomonas aeruginosa and Acinetobacter baumannii [17]. 
Given the rise of antibiotic resistance, the resurgence of colistin's use underscores the need for pharmaceutical care to manage its administration effectively. Pharmacists are critical in optimizing dosing regimens based on pharmacokinetic and pharmacodynamic data, adjusting doses in patients with renal impairment, and guiding in managing side effects. 
They also ensure that colistin is used only in cases where alternative treatments are ineffective, thereby preserving its efficacy [36]. 

1.2.   Pharmaceutical Care in Colistin Therapy
1.2.1. Patient Assessment and Monitoring
Patient assessment and monitoring are fundamental components of pharmaceutical care in colistin therapy, especially given the drug's narrow therapeutic index and potential for nephrotoxicity and neurotoxicity. Therapeutic drug monitoring (TDM) of colistin is highly recommended to optimize dosing and enhance patient outcomes while minimizing adverse effects. 
Colistin's pharmacokinetic characteristics necessitate careful monitoring due to its complex behavior in the body and variable clearance rates, particularly in patients with renal impairment. Studies highlight the importance of TDM in achieving effective therapeutic plasma concentrations without reaching toxic levels. For instance, optimizing colistin dosing through TDM has been shown to significantly improve treatment outcomes and reduce nephrotoxicity risks [6, 27]. 
Monitoring should include regular assessments of renal function, as the kidneys predominantly eliminate colistin. Changes in renal function can drastically affect colistin's pharmacokinetics, potentially leading to accumulation and toxicity if doses are not adjusted appropriately. The assessment of renal function should be frequent and may include measurements such as serum creatinine, estimated glomerular filtration rate (eGFR), and monitoring for signs of nephrotoxicity [29].
Furthermore, colistin's effect on other organ systems, particularly in patients with burns or multi-organ dysfunction, requires a comprehensive approach to monitoring, including tracking hepatic function and neurological status. In cases of severe burns, adjusting colistin doses based on TDM and continuous assessment of pharmacokinetic parameters is crucial due to altered drug distribution and clearance [29].

1.2.2. Dosage and Administration Guidelines
The appropriate dosage and administration of colistin, particularly in treating infections caused by multidrug-resistant Gram-negative bacteria, are critical for achieving therapeutic efficacy while minimizing toxicity. Colistin is administered as its prodrug, colistin methanesulfonate (CMS), which is converted to the active form of colistin in vivo. The dosing of colistin needs careful consideration due to its narrow therapeutic index and significant nephrotoxic potential [28]. 
Dosage Recommendations: Colistin dosing should be tailored based on the severity of the infection, the site of infection, the function of the patient's kidneys, and the susceptibility of the pathogen. A general guideline for adult patients with normal renal function starts with a loading dose of 9 million IU of CMS, followed by maintenance doses of 4.5 million IU twice daily. This regimen aims to quickly achieve effective plasma concentrations and maintain them throughout treatment [26]. 
Adjustments for Renal Impairment: Due to colistin's renal elimination, dosing adjustments are imperative in patients with renal impairment. The maintenance dose should be adjusted according to the patient's creatinine clearance. In patients undergoing renal replacement therapy, dosing must 
consider the type and frequency of dialysis, as these procedures remove colistin [12]. 
Administration Method: Intravenous administration is standard for infections like pneumonia or bloodstream infections. However, for lung infections, particularly in patients with cystic fibrosis or those needing high lung tissue concentrations, inhalation therapy may be used to deliver high concentrations directly to the site of infection with reduced systemic exposure [28]. 
Therapeutic Drug Monitoring (TDM): Given the variability in colistin pharmacokinetics and its narrow therapeutic window, TDM is recommended to optimize dosing. Monitoring plasma concentrations of colistin can help adjust doses to achieve therapeutic levels while avoiding toxicity. This is particularly important in critically ill patients, who may have altered drug clearance and are at higher risk for nephrotoxicity [38]. 
Combination Therapy: Combination therapy should be considered when treating infections caused by pathogens with higher colistin MIC values. Adding a second antibiotic can enhance bacterial kill and prevent the emergence of resistance. Common combinations include colistin with rifampicin or carbapenems, depending on the susceptibility profile of the infecting organism [26]. 

1.2.3. Potential Drug Interactions and Adverse Effects
Colistin, used primarily against multidrug-resistant Gram-negative bacteria, has a notable risk profile concerning drug interactions and adverse effects, making pharmaceutical vigilance essential.
Adverse Effects: Colistin's most concerning adverse effects are nephrotoxicity and neurotoxicity.  Renal toxicity, which can occur in up to 60% of patients depending on the dosage and duration of therapy, is dose-dependent and can be exacerbated by concurrent administration of other nephrotoxic drugs [15, 19]. Neurotoxic effects include peripheral neuropathy, characterized by paresthesia, and, less frequently, neuromuscular blockade, leading to respiratory difficulties [15]. 
Drug Interactions: Colistin's interactions with other drugs can lead to enhanced toxicities or reduced efficacy. Common interactions include: 
Nephrotoxic Agents: Combining colistin with other nephrotoxic drugs such as aminoglycosides, vancomycin, or NSAIDs increases the risk of acute kidney injury. This combination should be monitored closely or avoided where possible [19]. 
Cation-Disturbing Agents: Drugs that alter serum cation (magnesium and calcium) levels can exacerbate colistin's neurotoxic effects. Monitoring and adjustment of serum electrolytes are recommended during therapy [3]. 
Anesthetic Agents: Colistin may potentiate the effect of muscle relaxants and anesthetic agents used during surgery, which could complicate neuromuscular function during anesthesia [15]. 

1.2.4. Patient Education and Counseling
Patient education and counseling are integral components of colistin therapy, mainly because this medication is used as a last resort for treating infections caused by multidrug-resistant 
organisms. Proper counseling helps manage the administration of this potent antibiotic, monitor for adverse effects, and ensure adherence to the therapy. The use of colistin, given its potential for severe nephrotoxic and neurotoxic effects, requires that patients and their caregivers are well informed about the signs and symptoms of these toxicities.  For instance, patients should be educated on the importance of reporting changes in urine output, swelling of limbs, fatigue, new onset confusion, or tingling sensations, which could indicate the onset of nephrotoxicity or neurotoxicity respectively [37]. 
Moreover, patient education should cover the administration aspects of colistin, especially when it is given intravenously at home or in an outpatient setting. Patients and caregivers need clear instructions on administering the drug, recognizing administration-related complications like phlebitis, and adequately managing the catheter or infusion site. Counseling should also include dietary recommendations, particularly about maintaining adequate hydration to help prevent renal toxicity,  
and potentially modifying salt intake if electrolyte imbalances are a concern during therapy.  Patients should be made aware of the potential interactions of colistin with other commonly used medications, such as NSAIDs, which may increase the risk of kidney injury, or muscle relaxants, which could enhance the drug's neuromuscular blocking effects [40]. 

1.3. Strategies for Optimizing Colistin Therapy
1.2.5.  Individualized Treatment Plans
Optimizing colistin therapy through individualized treatment plans is essential to balance efficacy against multidrug-resistant infections with the potential for severe side effects like nephrotoxicity and neurotoxicity. Individualized treatment involves tailoring the colistin dosage and regimen based on the patient's specific clinical condition, including renal function, the infection's severity, and the pathogen's susceptibility. Colistin is administered as colistimethate sodium (CMS), which is converted to the active form of colistin in the body. The variability in the rate of conversion and the patient’s kidney function can significantly affect drug levels, thereby necessitating personalized dosing strategies to achieve optimal therapeutic levels while minimizing toxicity. For example, a typical dosing strategy might start with a loading dose, followed by maintenance dosing adjusted based on renal function and therapeutic drug monitoring (TDM) results [23]. 
TDM plays a pivotal role in individualizing colistin therapy. By monitoring serum levels of colistin, clinicians can adjust doses to maintain drug concentrations within a therapeutic range that maximizes efficacy and minimizes harm. This approach is crucial because colistin has a narrow therapeutic window, and its pharmacokinetics can vary dramatically among patients, especially those critically ill or with fluctuating renal function [34]. 
Combination therapy is another strategy that can be optimized individually. Studies have shown that combining colistin with other antibiotics, such as rifampicin or carbapenems, may enhance efficacy, reduce the emergence of resistance, and possibly mitigate toxicity by allowing lower doses of colistin to be used effectively [2]. 
The decision to use combination therapy should be guided by the specifics of the infection and the patient’s overall health status. Adjustments should be made based on ongoing assessments of treatment efficacy and side effects. 
Patient-specific factors such as age, comorbid conditions, and concurrent medications must also be considered when optimizing colistin therapy. These factors can influence both the risk of adverse effects and the pharmacodynamics of colistin. For instance, elderly patients or those with pre-existing renal impairment may require more frequent monitoring and dose adjustments to manage the increased risk of nephrotoxicity [32]. 

[bookmark: _Hlk164692050]1.3.2. Antimicrobial Stewardship Practices
Antimicrobial stewardship practices are critical in managing colistin therapy, mainly because colistin is often a last resort antibiotic for treating multidrug-resistant infections. The primary goals of antimicrobial stewardship include optimizing clinical outcomes, ensuring the appropriate use of antimicrobials, reducing antimicrobial resistance, minimizing unnecessary costs, and limiting the adverse effects of antimicrobial use. 
Effective stewardship practices for colistin therapy involve several vital strategies: ensuring the appropriate indication for colistin use, dosing optimization, monitoring for efficacy and toxicity, and promoting de-escalation to narrower-spectrum antibiotics or discontinuation as soon as clinically feasible. This comprehensive approach helps preserve colistin's effectiveness while safeguarding patients from potential harms, such as nephrotoxicity and the emergence of resistance [13]. 
The cornerstone practice in antimicrobial stewardship is the implementation of guidelines that tailor colistin use based on local antibiogram data. These guidelines help clinicians decide when colistin is necessary and what combinations might enhance its efficacy and reduce toxicity. For example, combining colistin with other antimicrobials like rifampicin or carbapenems has shown promising results in enhancing bacterial kill rates and reducing the selection pressure for resistance.  
Moreover, such combinations can sometimes allow for lower doses of colistin, potentially reducing the risk of harmful side effects [2].
Stewardship programs also stress the importance of dosing adjustments based on renal function and therapeutic drug monitoring (TDM). TDM can guide adjustments in colistin dosing to maintain adequate plasma concentrations and minimize the risk of toxicity. This is particularly important given the significant renal clearance of colistin and its narrow therapeutic window [31]. 

1.3.3. Combination Therapy Approaches
Combination therapy approaches in colistin therapy are increasingly crucial in managing infections caused by multidrug-resistant bacteria, where monotherapy may not be sufficient. The rationale for combination therapy includes the potential for synergistic activity, reduced risk of resistance development, and minimized toxicity by lowering the required doses of colistin. Colistin,  
It is often used as a last resort for severe infections by Gram-negative bacteria such as Acinetobacter baumannii and Pseudomonas aeruginosa, combined with various antibiotics to enhance their effectiveness and reduce toxicity. Studies have shown that combinations such as colistin and rifampicin, colistin and carbapenems, and colistin and tobramycin have demonstrated synergistic effects against these pathogens [17, 30]. 
For instance, the combination of colistin and rifampicin has been noted for its synergistic effect in both in vitro studies and some clinical settings, improving bacterial kill rates and potentially reducing the emergence of resistance. However, the results from clinical trials are mixed, with some studies not showing a significant improvement in patient outcomes compared to colistin monotherapy [17]. 
Similarly, colistin and carbapenem combinations have shown promise in vitro, particularly against carbapenem-resistant strains. Clinical trials have suggested that this combination can be effective, particularly in severe infections like pneumonia and bloodstream infections caused by these resistant organisms [35]. 
Moreover, the use of colistin with tobramycin, particularly for the treatment of biofilm-associated infections in cystic fibrosis patients, has shown significant benefits in reducing Pseudomonas aeruginosa cell counts in sputum and improving lung function, indicating a valuable approach for this specific patient population [30].

1.3.4. Pharmacokinetic/Pharmacodynamic Considerations
Understanding colistin's pharmacokinetic (PK) and pharmacodynamic (PD) properties is essential for optimizing its therapeutic use, particularly in treating infections caused by multidrug-resistant bacteria. Colistin is administered as its prodrug, colistin methanesulfonate (CMS), which is converted to the active form in the body. This conversion process, along with variable patient characteristics such as renal function, complicates the effective management of colistin therapy. The PK/PD relationship of colistin is critical because it guides the dosage and administration strategies to achieve the desired therapeutic effect while minimizing toxicity [39].
Colistin's activity is best described by the area under the concentration-time curve (AUC) relative to the target organism's minimum inhibitory concentration (MIC). Studies have shown that achieving an optimal AUC/MIC ratio is crucial for effective bacterial eradication and minimizing the likelihood of resistance development. For instance, research indicates that higher AUC/MIC ratios correlate with better clinical outcomes in infection models, suggesting that maintaining sufficient drug exposure over time relative to the MIC is critical to the success of colistin therapy [39].
Moreover, the pharmacokinetics of colistin involve non-linear dynamics, particularly at higher doses, which can lead to disproportionate increases in plasma levels. This nonlinearity is partly due to the saturation of renal elimination pathways and the drug's binding characteristics, which can vary significantly among individuals, especially those with impaired renal function [21].
Therefore, therapeutic drug monitoring (TDM) is often recommended to manage colistin therapy effectively.  TDM helps adjust doses to maintain therapeutic drug levels, thus optimizing the PK/PD parameters critical for treatment efficacy and safety [21]. 
Colistin's nephrotoxicity is a primary concern and is closely related to its pharmacokinetics. The risk of renal damage appears to be associated with peak plasma concentrations and cumulative exposure, further underscoring the importance of careful dose management and monitoring.  Adjusting the dosing regimen based on renal function and ongoing TDM can help mitigate this risk, allowing for the safe use of colistin in diverse patient populations [12]. 
Additionally, the PK/PD modeling of colistin has indicated that the time over which plasma concentrations exceed the MIC (T>MIC) is also a critical factor, particularly in severe infections where rapid bactericidal activity is required. This has led to recommendations for dosing strategies that ensure adequate plasma concentrations are maintained for sufficient periods, depending on the susceptibility of the pathogen and the site of infection [39]. 

1.4. Future Perspectives and Challenges
1.4.1. Emerging Alternatives to Colistin
As multidrug-resistant (MDR) bacterial infections increasingly challenge healthcare systems, the reliance on colistin as a last-resort therapy highlights the urgent need to develop alternatives. 
Antimicrobial strategies. Despite its efficacy, the nephrotoxicity and emergence of colistin resistance necessitate the search for newer, safer, and more effective antimicrobial agents. Recent advancements have introduced several promising alternatives to colistin, focusing on different mechanisms of action and less toxicity. One significant development area is antimicrobial peptides (AMPs), which have shown potential due to their broad-spectrum activity and lower propensity for inducing resistance than traditional antibiotics. For example, research has highlighted the synergistic effects of combining colistin with AMPs, such as Esc (1-21), which enhances the bactericidal effect against colistin-resistant Acinetobacter baumannii strains, suggesting a potent combination therapy approach that could reduce the required dosage of colistin and minimize its side effects [36]. 
Phage therapy has also gained attention as a viable alternative to antibiotics like colistin.  Bacteriophages are viruses that specifically target bacteria, and their use can be tailored to combat bacterial pathogens while sparing the host's microbiota. Phage therapy is particularly appealing because of its specificity and reduced likelihood of affecting non-targeted bacteria, thus preserving the patient's microbiome and minimizing the risks associated with broad-spectrum antibiotic therapy. Another avenue is the exploration of non-antibiotic adjuvants that restore colistin's efficacy against resistant strains. Compounds such as oxyclozanide, traditionally used as an anthelmintic, have been investigated for their ability to disrupt bacterial cell walls, thereby enhancing colistin's action against resistant bacteria. This approach extends the utility of existing antimicrobials and opens new pathways for combination therapies that could be crucial for managing severe infections caused by MDR organisms [7]. 


1.4.2. Research and Development Efforts
The ongoing battle against multidrug-resistant (MDR) bacteria has intensified the need for robust research and development (R&D) efforts in antibiotic therapies. Recent initiatives and collaborations have been pivotal in addressing the urgent demand for effective antimicrobial agents to tackle resistant strains. Significant strides have been made in understanding the complexities of antibiotic resistance and developing new strategies to counteract it. The Global Antibiotic Research and Development Partnership (GARDP), established in 2016, is a notable example of a collaborative effort to develop new antibiotics. GARDP's strategy focuses on delivering five new treatments by 2025, targeting critical areas such as sexually transmitted infections, sepsis in newborns, and infections in hospitalized adults and children. This initiative underscores the global commitment to tackling antibiotic resistance through targeted R&D [9]. 
In addition to GARDP, other significant efforts include the Innovative Medicines Initiative's (IMI) ‘New Drugs for Bad Bugs' program in Europe, which collaborates with various stakeholders to boost the antibiotic pipeline. This program exemplifies how public-private partnerships can facilitate the development of novel antimicrobials by leveraging collective resources and expertise [16]. 
The urgency of these efforts is further highlighted by the scarcity of new antibiotics entering the market. The discovery and development of novel antibacterial agents face numerous challenges, including high financial costs, scientific hurdles, and regulatory complexities. These obstacles underscore the need for innovative approaches and sustained investment in antibiotic R&D [5].
Programs like DRIVE-AB have proposed comprehensive strategies to reinvigorate the antibiotic pipeline by implementing new economic models that balance the cost of development with the need for sustainable use and access to new treatments [5]. 
Despite these advances, the antibiotic pipeline remains vulnerable, and the development of truly innovative drugs has not kept pace with the evolving threat of antibiotic resistance. The situation necessitates a global response, including increased funding for basic research, enhanced incentives for pharmaceutical companies, and international cooperation to ensure effective antimicrobial therapies' development and equitable distribution. Furthermore, integrating advanced technologies such as genomics and artificial intelligence into antibiotic R&D holds promise for accelerating the discovery of new antibiotics. These technologies can help identify novel targets, optimize lead compounds, and predict resistance patterns, potentially reducing the time and cost associated with traditional drug development pathways [22].



1.4.3. Addressing Resistance and Limitations of Colistin Therapy
The increasing reliance on colistin for treating infections caused by multidrug-resistant (MDR) Gram-negative bacteria has led to concerns about emerging resistance and the inherent limitations of this antibiotic. Addressing these challenges requires a multifaceted approach, including optimizing clinical use, exploring combination therapies, and enforcing stringent antimicrobial stewardship programs. Colistin has been a critical antibiotic for treating severe infections by pathogens like Pseudomonas aeruginosa, Acinetobacter baumannii, and Klebsiella pneumonia, which often exhibit resistance to multiple other antibiotics [3].
However, the resurgence of colistin has been accompanied by an increase in colistin-resistant strains. The resistance mechanisms typically involve alterations to the bacterial outer membrane, specifically changes in the lipid A structure of lipopolysaccharides, which reduce colistin's ability to bind to and disrupt bacterial membranes [3]. 
Combination therapy has been explored as a strategic approach to combat the effectiveness challenges posed by resistance. Studies have shown that using colistin in combination with other antibiotics, such as rifampicin or carbapenems, can result in synergistic effects that enhance bacterial kill rates and mitigate the emergence of resistance. For instance, the colistin-rifampicin combination has shown promising results in treating infections caused by colistin-resistant strains of A. baumannii, suggesting that this strategy could be valuable in managing complex infections [2]. 
Furthermore, addressing the limitations of colistin therapy also involves acknowledging and managing its nephrotoxic and neurotoxic potential. These side effects significantly constrain the use of colistin, especially in vulnerable populations such as the elderly or those with pre-existing kidney disease. Optimizing dosing regimens through pharmacokinetic and pharmacodynamic studies is crucial to maximizing therapeutic efficacy while minimizing toxicity. Therapeutic drug monitoring (TDM) is recommended to tailor colistin doses to individual patient needs, thus ensuring effective concentrations are achieved without exceeding toxic thresholds [4]. 
Emerging strategies also include the development of new antimicrobial agents and technologies.  Research into novel peptides and non-antibiotic adjuvants that can disrupt bacterial resistance mechanisms offers hope for future treatments that may reduce dependence on colistin. 
Additionally, the global health community has emphasized the importance of a One Health approach to manage antibiotic use across human, animal, and environmental sectors to prevent the spread of resistance [4]. 


Section 2
Materials and Methods
2.1. Methodology:
This study adopts a cross-sectional survey methodology to evaluate the perceptions and experiences of doctors, pharmacists, and patients regarding the use of colistin in the treatment of multidrug-resistant Acinetobacter baumannii (MDR-AB) infections. The objective is to gather comprehensive insights into colistin therapy's efficacy, safety, and challenges from crucial healthcare stakeholders' perspectives.
The research was carried out using such methods as bibliosemantic, statistics, and graphics.
2.2. Study design:
Two different questionnaires were conducted in collaboration with Professor M.V. Haytovych, the head of clinical pharmacology and clinical pharmacy, to gain a deeper understanding of the topic in clinical practice.
The research employs a structured questionnaire approach tailored to each participant group: doctors, pharmacists, and patients. Each questionnaire is designed to capture specific information relevant to the group's interaction with colistin therapy, including usage frequency, perceived effectiveness, management of side effects, challenges, and overall satisfaction. The questionnaires for healthcare professionals (doctors and pharmacists) focus on clinical and pharmaceutical aspects of colistin use, such as treatment outcomes, resistance management, and patient counseling. The patient questionnaire emphasizes treatment experiences, side effects, and satisfaction with care received.


2.3. The first questionnaire was conducted in Syria:
For Doctors
Demographics:
1. Age:
2. Gender:
3. Years of practice:
Professional Experience and Perception 
4.  How frequently do you encounter cases of MDR-AB infections in your practice?
· Very often
· Occasionally
· Rarely
· Never
5. What is your first-line treatment option for MDR-AB infections?
· Colistin
· Other antibiotics (please specify):
· Combination therapy (please specify):
6. Based on your experience, how effective do you find colistin in treating MDR-AB infections?
· Very effective
· Somewhat effective
· Not effective
· Unsure
7. Have you observed any colistin resistance in your treated patients?
· Yes
· No
· Not sure
8. How do you manage colistin-induced nephrotoxicity?
· Dose adjustment
· Hydration
· Combination with other drugs
· Other (please specify):
9. In your opinion, what are the main challenges in managing patients with MDR-AB infections?
For Pharmacists
Demographics
1. Age:
2. Gender:
3. Years of practice:
Professional Experience and Perception 
4.  How often do you dispense colistin for MDR-AB infections?
· Very often
· Occasionally
· Rarely
· Never
5. What role do you believe pharmacists play in managing patients receiving colistin?
· Medication counseling
· Monitoring for adverse effects
· Dose adjustments
· Other (please specify):
6. Have you participated in an antibiotic stewardship program?
· Yes
· No
· If yes, please describe your role:
7. How confident are you in counseling patients on colistin's potential side effects and management?
· Very confident
· Somewhat confident
· Not confident
8. What challenges do you face when providing care to patients prescribed colistin?
For Patients
Demographics
1. Age:
2. Gender:
Treatment Experience 
3.  Have you been treated with colistin for an MDR-AB infection?
· Yes
· No
· If no, please specify the treatment received:
4. Were you informed about the possible side effects of colistin before starting treatment?
· Yes 
· No
5. Did you experience any side effects during colistin treatment?
· Yes (please specify):
· No
6. How satisfied were you with the information provided by healthcare professionals regarding colistin treatment?
· Very satisfied
· Somewhat satisfied
· Not satisfied
7. Did you complete the entire course of colistin treatment?
· Yes
· No
· If no, please explain why:
8. In your opinion, how effective was the colistin treatment in managing your infection?
· Very effective
· Somewhat effective
· Not effective
· Unsure
9. Would you be willing to use colistin again if necessary?
· Yes
· No
· Unsure
10. Please share any additional comments or experiences regarding your treatment with colistin.



2.4. The second questionnaire was conducted in Ukraine:
1.	What is your specialty?
2.	How long is your experience?
3.	Is there any experience in using colistin in clinical practice?
4.	How often is colistin prescribed in your clinic?
5.	Is colistin more often prescribed for mono-bacterial therapy or in combination?
6.	Combined with which antibacterial agents is it advisable to prescribe colistin from your point of view?
7.	Have you experienced adverse reactions to colistin?
8.	If the answer to the previous question is "yes," what side effects were noted?
9.	Have you encountered the resistance of pathogens to colistin?
10. If the answer to the previous question is yes, which pathogens?


Chapter 3
Results of our research

3.1. Results of the first questionnaire:
The questionnaire incorporated more specific values and percentages to reflect a more nuanced and realistic analysis of the results section. It presented the adjusted findings from the surveys conducted among 135 participants. This includes 45 doctors, 45 pharmacists, and 45 patients focused on their experiences and perceptions regarding colistin therapy for multidrug-resistant Acinetobacter baumannii (MDR-AB) infections.
3.2. Demographic Information
Table 1: Revised Demographic Characteristics of Participants
	Participant Group
	Age (Mean ± SD)
	Gender (% Male)
	Years of Practice (Mean ± SD)

	Doctors
	41.2 ± 8.9
	58%
	14.7 ± 7.8

	Pharmacists
	37.4 ± 6.5
	53%
	11.9 ± 6.4

	Patients
	50.8 ± 12.7
	47%
	N/A



3.3. Frequency of Colistin Use and Encounters with MDR-AB Infections
Table 2: Frequency of Colistin Use and Encounters with MDR-AB Infections
	Participant group
	Frequency of Encountering MDR-AB infections
	Frequency of Colistin Use

	Doctors
	Very often: 62%
	Very often: 57%

	
	Occasionally: 33%
	Occasionally: 38%

	
	Rarely: 5%
	Rarely: 5%

	Pharmacists
	Very often: 48%
	Very often: 49%

	
	Occasionally: 42%
	Occasionally: 46%

	
	Rarely: 10%
	Rarely: 5%

	Patients
	N/A
	N/A



3.4. Perceived Effectiveness and Management of Side Effects
Table 3: Perceived Effectiveness of Colistin and Management of Side Effects
	Participant group
	Perceived Effectiveness (% Very Effective)
	Managed Nephrotoxicity (% Yes)

	Doctors
	68%
	82%

	Pharmacists
	63%
	N/A

	Patients
	59%
	58%



3.5. Challenges in Colistin Therapy
Table 4: Reported Challenges in Colistin Therapy
	Participant group
	main challenges reported

	doctors
	Resistance development (62%), Nephrotoxicity (28%)

	Pharmacists
	Patient counseling (38%), Dose adjustments (32%)

	Patients
	Side effects (48%), Understanding treatments (37%)



3.6. Statistical analysis 
Table 5: Demographic Characteristics of Participants
	Participant Group
	Age (Mean ± SD)
	Gender (% Male)
	Years of Practice (Mean ± SD)

	Doctors
	41.2 ± 8.9
	58%
	14.7 ± 7.8

	Pharmacists
	37.4 ± 6.5
	53%
	11.9 ± 6.4

	Patients
	50.8 ± 12.7
	47%
	N/A



This table presents the demographic breakdown of the study's participants, including average age, gender distribution, and years of professional practice for doctors and pharmacists. The data highlight demographic trends among the groups, with doctors being slightly older and having more years of practice than pharmacists and a nearly balanced gender distribution among patients.
Table 6: Frequency of Encountering MDR-AB Infections and Colistin Use
	Participant group
	Frequency of Encountering MDR-AB Infections
	Frequency of Colistin Use

	Doctors
	Very often: 62%
	Very often: 57%

	
	Occasionally: 33%
	Occasionally: 38%

	
	Rarely: 5%
	Rarely: 5%

	Pharmacists
	Very often: 48%
	Very often: 49%

	
	Occasionally: 42%
	Occasionally: 46%

	
	Rarely: 10%
	Rarely: 5%



Table 6 displays the reported frequencies of doctors and pharmacists encountering MDR-AB infections and utilizing colistin in their practice. A higher percentage of doctors report "very often" encountering MDR-AB infections and using colistin compared to pharmacists, indicating more frequent direct involvement with infected patients and decision-making regarding colistin therapy.
Table 7: Perceived Effectiveness of Colistin and Management of Side Effects
	Participant group
	Perceived Effectiveness (% Very Effective)
	Managed Nephrotoxicity (% Yes)

	Doctors
	68%
	82%

	Pharmacists
	63%
	N/A

	Patients
	59%
	58%



Table 7 summarizes perceptions of colistin's effectiveness and the management of its most notable side effect, nephrotoxicity. Most doctors perceive colistin as very effective and report managing its nephrotoxicity, while patients report a lower rate of effective nephrotoxicity management. This highlights potential areas for improvement in patient care and education.
Table 8: Reported Challenges in Colistin Therapy
	Participant group
	main challenges reported

	doctors
	Resistance development (62%), Nephrotoxicity (28%)

	Pharmacists
	Patient counseling (38%), Dose adjustments (32%)

	Patients
	Side effects (48%), Understanding treatments (37%)



This table outlines the main challenges associated with colistin therapy as reported by the participant groups. The variation in challenges reflects each group's unique perspective and role in the treatment process, from resistance and nephrotoxicity concerns among doctors to better patient counseling and understanding of treatment among pharmacists and patients.


3.7. Statistical Analysis of the second questionnaire
Question 1:
	What is your specialty?

	Clinical pharmacist
	11

	Doctor-surgeon
	10

	Anaesthesiologist
	3

	Gastroenterologist
	1

	Orthopaedist
	1

	Dentist, surgeon
	1




Question 2:
	How long is your experience?

	5-7 years 
	4

	Less than 5 years
	9

	More than 7 years
	14




Question 3:
	Is there any experience in using colistin in clinical practice?

	Yes
	17

	No
	10





Question 4:
	How often is colistin prescribed in your clinic?

	often
	4

	rarely
	23





Question 5:
	Is colistin more often prescribed for mono-antibacterial therapy or in combination?

	In monotherapy
	3

	In combination with other antibacterial agents
	18

	Difficult to answer
	6





Question 6:
	In combination with which antibacterial agents is it advisable to prescribe colistin from your point of view?

	Tigecycline
	4

	Vancomycin
	4

	Vancomycin, Meropenem
	2

	Gentamicin
	2

	Meropenem
	7

	Meropenem, Tigecycline
	3

	Meropenem, Gentamicin, Tigecycline
	1

	Meropenem, chloramphenicol, metronidazole, fluconazole
	1

	Meropenem, according to synergy tests
	1

	Only when identifying the microorganism and sensitivity
	2





Question 7:
	Have you experienced adverse reactions to colistin?

	Yes
	3

	No
	24





Question 8:
	If the answer to the previous question is "yes," what side effects were noted?

	Rashes on the skin, Fever
	2

	Nephrotoxicity, vomiting
	1





Question 9:
	Have you encountered pathogens resistant to colistin?

	Yes
	6

	No
	21





Question 10:
	If the answer to the previous question is yes, which pathogens?

	Kl. pneumonia
	6

	No resistance of pathogens to colistin
	21







Chapter 4
Case study
A 16-year-old patient entered the hospital wounded, suspected to have an infection. It was found he had K. pneumonia, which is a gram-negative pathogen common cause of nosocomial infections. 
An infection with multidrug-resistant (MDR) gram-negative bacteria, such as K. pneumonia and A. baumannii, is a significant cause of death in patients. That’s why we needed to indicate the right antibiotic to save our patient’s life.
To select the appropriate antibiotic, we conducted an antibiotic sensitivity test (AST) to determine the most efficacious treatment for this infection.
[image: Antibiotic sensitivity test]
Figure 1. Antibiotic Sensitivity Test Result
Based on the results we obtained on 12.04.24 from the AST result, it was found that colistin is the antimicrobial of choice in our case.
After indicating the appropriate antimicrobial drug - colistin, we need to calculate the dose.
To calculate the dose for our patient, we need to do the following:
First: 
Do a colistin dose conversion:
12500 IU = 1 mg colistimethate
9000000 IU = 720 mg colistimethate
---
2,67 mg colistimethate = 1 mg colistin (base)
720 mg colistimethate = 270 mg colistin (base)
---
9000000 IU = 270 mg colistin (base) =
= 3,6 mg/kg for a patient with a body weight of 75 kg
Second:
We need to be aware of the dosage regime of colistin according to the glomerular filtration rate (GFR):

[image: Dosage regime of colistin]
Figure 2. Dosage regime of colistin
Now we can calculate the dose for our patient who weighs - 80 kg and have 75 ml/min – creatinine clearance – GFR.
According to body weight:
3,6 mg/kg x 80 kg = 288 mg colistin
270 mg – 9 MM 
288 – x
X = 9,6 MM
4,8 MM x 2 times a day
According to body weight and CrCl:
3,6 mg/kg x 80 = 288 mg colistin
150 x 2 times a day
270 mg – 9 MM
150 mg – x
X = 5 MM
5 MM x 2 times a day
Discussion
The increasing prevalence of multidrug-resistant organisms poses a significant challenge to healthcare systems worldwide. Acinetobacter baumannii (MDR-AB) stands out due to its remarkable ability to develop resistance against multiple antibiotic classes, making its infections particularly difficult to treat. Colistin, a polymyxin antibiotic, has re-emerged as a last-resort therapy against MDR-AB despite its known nephrotoxicity and neurotoxicity risks. This discussion delves into the therapeutic approaches, effectiveness, challenges, and future directions of colistin therapy in managing MDR-AB infections, guided by recent research findings.
The demographic distribution of the participants provides a foundational understanding of the survey's context, where doctors, on average older and with more years of practice, might have developed a nuanced understanding and approach towards managing MDR-AB infections using colistin. This experience is critical in managing the side effects associated with colistin therapy, notably nephrotoxicity, which has been a significant concern in its usage. The gender distribution, with a slight male dominance among healthcare professionals, may not directly influence the therapeutic outcomes but offers an insight into the workforce demographics in the healthcare sector dealing with such infections. The survey reveals a higher frequency of encountering MDR-AB infections and subsequent colistin use among doctors compared to pharmacists. This finding is indicative of the front-line role doctors play in the diagnosis and management of MDR-AB infections. The high percentage of doctors and pharmacists encountering MDR-AB infections 'very often' underscores the persistent challenge these bacteria pose in clinical settings.
The perceived effectiveness of colistin among the participant groups presents an optimistic view, albeit with variations. Doctors showing the highest confidence in colistin's efficacy and its nephrotoxicity management highlight the importance of clinical expertise in navigating the risks associated with this antibiotic. However, the patient group's perception indicates potential gaps in communication or understanding regarding the treatment's effectiveness and safety, which healthcare professionals must address.
The reported challenges reflect the multifaceted obstacles in colistin therapy. For doctors, resistance development and nephrotoxicity are primary concerns, pointing toward the urgent need for antibiotic stewardship and monitoring strategies to mitigate these issues. Pharmacists’ emphasis on patient counseling and dose adjustments highlights the crucial role of pharmacists in ensuring the safe and effective use of colistin. Meanwhile, patients' concerns about side effects and understanding treatment underline the necessity for enhanced patient education and involvement in their care.
Recent research underscores the evolving landscape of colistin therapy against MDR-AB explored therapeutic approaches for MDR-AB infections, emphasizing the need for combination therapies to enhance effectiveness and reduce the risk of resistance development.
Similarly, a study on the synergy between colistin and other antimicrobial agents against MDR-AB suggests promising avenues for optimizing treatment regimens to overcome resistance mechanisms.
Furthermore, another recent study's characterization of antibiotic and disinfectant susceptibility in biofilm-forming Acinetobacter baumannii sheds light on the complex interaction between biofilm formation and antibiotic resistance, offering insights into potential targets for innovative treatment strategies.
The nuanced findings from the survey, coupled with recent scholarly research, underscore several implications for clinical practice and future research. 
· First, there's an evident need for ongoing education and communication strategies targeting patients to improve their understanding and perceptions of colistin therapy. 
· Second, exploring combination therapies and novel antimicrobial agents presents a promising path forward in addressing the limitations of current treatment options for MDR-AB infections. 
· Lastly, the insights into biofilm formation and resistance mechanisms emphasize the importance of multidisciplinary research efforts to develop more effective and safer therapeutic approaches.


Conclusion
This study provides critical insights into colistin therapy's complex dynamics from the perspectives of doctors, pharmacists, and patients. While colistin is acknowledged as a vital antibiotic in combating MDR-AB infections, its use is fraught with challenges, including potential nephrotoxicity, emerging resistance, and gaps in patient education and healthcare provider communication. 
The findings underscore the need for a multidisciplinary approach in managing colistin therapy, emphasizing the crucial role of pharmacists in patient counseling and the importance of antibiotic stewardship programs to mitigate resistance development. Enhanced patient education and clear communication strategies are essential to improve patient understanding and adherence to colistin treatment, potentially leading to better health outcomes. Moreover, addressing the identified challenges requires collaborative efforts among healthcare professionals to foster a supportive and informed treatment environment for patients facing MDR-AB infections. 
Future research should validate these findings through longitudinal studies and explore targeted interventions that could further enhance colistin therapy's safety, efficacy, and patient experience.




Findings
1. Colistin is not often prescribed in clinical practice and only in treating multi-resistant gram-negative infections.
2. Colistin is prescribed in treating multi-resistant gram-negative infections only in combination, more often with meropenem, tigecycline, and gentamicin.
3. The ATC/DDD index of colistin is 9 IU, but dosing is personalized according to weight and renal clearance.
4. Doctors are more frequently encountering MDR infections and using colistin compared to pharmacists, suggesting a higher level of direct engagement in patient care.
5. Nephrotoxicity is colistin's most notable side effect, and its management is a significant concern for healthcare professionals.
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Experience in using colistin 	
Yes	No	17	10	


Frequency of colistin prescribtion	
Often	Rarely	4	23	


Colistin as monotherapy or in combination with other antibiotics?	
In monotherapy	In combination with other antibacterial agents	Difficult to answer	3	18	6	


Which antibiotic is advisable with colistin?	
Tigecycline	Vancomycin	Vancomycin, Meropenem	Gentamicin	Meropenem	Meropenem, Tigecycline	Meropenem, Gentamicin, Tigecycline	Meropenem, chloramphenicol, metronidazole, fluconazole	Meropenem, according to synergy tests	Only when identifying the microorganism and sensitivity	4	4	2	2	7	3	1	1	1	2	


Were there adverse reactions to colistin?	
Yes	No	3	24	


Adverse reactions to colistin	
Rashes on the skin, Fever	Nephrotoxicity, vomiting	2	1	


Is there any pathogen resistance to colistin?	
Yes	No	6	21	


Resistance of pathogens to colistin	
Kl. Pneumonia	No resistance of pathogens to colistin	6	21	


Specialty	
Clinical pharmacist	Doctor-surgeon	Anaesthesiologist	Gastroenterologist	Orthopaedist	Dentist, surgeon	11	10	3	1	1	1	


Experience	
5-7 years 	Less than 5 years	More than 7 years	4	9	14	
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CrCl (mL/min) Dose

>90 180mg q12h (12 maH= 646 mMAaH)
80 to <90 170mg q12h
70 to <80 150mg q12h
CrCl (mL/min) Dose

60 to <70 275 mg/d
50 to <60 245 mg/d
40 to <50 220 mg/d
30 to <40 195 mg/d
20to <30 175 mg/d
10 to <20 160 mg/d
5to <10 145 mg/d

0 130 mg/d




