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Objective: To analyze and compare the incidence of adverse events (AEs) associated with different 
administration routes of colistin, with the aim of providing a reference for its safe and effective 
clinical use. Methods: Adverse event (AE) reports related to colistin were retrieved from the FDA 
Adverse Event Reporting System (FAERS) database. The reporting trends were analyzed, and the 
Reporting Odds Ratio (ROR) and Proportional Reporting Ratio (PRR) for colistin-associated AEs were 
calculated. A comparative analysis was conducted to examine the occurrence of AEs under different 
administration routes of colistin. Results: A total of 13,043 AE reports were extracted from the FAERS 
database. Further analysis of 176 key AEs associated with colistin indicated a significant increase in 
the number of reports after 2021. The year and country of the reports showed heterogeneity across 
different administration routes. Intravenous (IV) administration of colistin was associated with the 
highest proportion of AEs, and heterogeneity was also observed in the types of AEs reported for 
inhaled and oral (PO) administration routes. Conclusion: Compared to inhaled and PO administration 
routes, IV administration of colistin is more likely to result in AEs such as nephrotoxicity and drug 
ineffectiveness. Additionally, there are significant differences in the types of AEs associated with 
colistin across different administration routes.
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Polymyxins are a class of non-ribosomal cyclic oligopeptide antibiotics discovered within the genus Bacillus in 
19461. They are categorized into five distinct components, A, B, C, D, and E, based on structural differences2. 
However, only polymyxin B and polymyxin E have been extensively utilized in humans and animals. Polymyxin 
E is commonly known as colistin. Additionally, Both polymyxin B and E are produced in various salt 
derivatives, including sulfate and methanesulfonate. Polymyxin B is primarily available as a sulfate, while the 
methanesulfonate form is relatively rare. In clinical practice, both polymyxin E sulfate and methanesulfonate 
derivatives are widely used. Colistin methanesulfonate (CMS) is an inactive prodrug that is hydrolyzed into its 
active form with potent bactericidal effects upon entering the body3. Due to its strong antimicrobial activity 
against multidrug-resistant (MDR) bacteria, it is considered the last line of defense against infections caused by 
MDR Gram-negative bacteria. However, the use of colistin is limited due to potential adverse drug reactions, 
such as nephrotoxicity and neurotoxicity4.

Colistin exhibits varying therapeutic efficacies and safety profiles depending on the route of administration, 
with differences also observed in adverse drug reactions5–8. Currently, there are several clinical administration 
methods for colistin, with IV, inhaled and PO routes being the most commonly utilized. Inhalation (INH), 
as a frequently used method, has been shown to achieve effective bactericidal concentrations of colistin and 
aminoglycosides in the lungs of patients with ventilator-associated pneumonia (VAP) caused by MDR Gram-
negative bacteria9. Moreover, INH of antimicrobials does not increase the risk of systemic toxicity or disrupt 
the gut microbiome10. Based on these findings, clinicians both domestically and internationally have attempted 
to use different administration methods for colistin to achieve similar therapeutic effects while reducing the 
incidence of adverse drug reactions. In 2014, Gu et al. conducted a meta-analysis comparing the clinical efficacy 
and safety of IV colistin alone versus a combination of aerosolized (AS) and IV colistin for treating VAP. The 
results indicated that the combination of AS and IV colistin was associated with better clinical outcomes 
compared to IV colistin alone. Moreover, there were no significant differences in microbiological eradication, 
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ICU mortality, hospital mortality, or nephrotoxicity between the two treatment groups11. Furthermore, Boisson 
et al. utilized pharmacokinetic/pharmacodynamic (PK/PD) modeling to demonstrate that the antibacterial 
effect of CMS administered via AS was significantly greater than that of IV administration, This finding provides 
valuable support for using nebulized CMS to treat pulmonary infections in critically ill patients12. However, 
to date, there have been no reports on the differences in the incidence of major adverse drug events following 
different administration routes of colistin.

The U.S. FAERS is a globally accessible, open-source database widely used for post-marketing drug safety 
surveillance13. This study utilized FAERS data on AEs associated with different administration routes of colistin 
to analyze and reveal the potential types of AEs linked to each route. The analysis aims to provide a reference for 
detecting and preventing adverse reactions in clinical practice, thereby offering a theoretical foundation for the 
efficient, safe, and rational use of colistin.

Methods
Study design
A retrospective analysis was conducted using the colistin-related AEs reported in the FAERS database. We 
analyzed the reporting trends of colistin-related AEs and the administration routes, and further examined the 
occurrence of AEs under different administration methods.

Data source
In this study, data on AEs were sourced from the U.S. FAERS database. We collected colistin-related AE reports 
submitted to the FAERS database from the fourth quarter of 2003 (Q4 2003) to the third quarter of 2023 (Q3 
2023). The data included basic patient information (gender, age, country), drug information (drug name, 
administration route), and AEs, all of which were used for retrospective analysis.

Data extraction and organization
This study utilized OpenVigil2.1, a tool developed by Kiel University in Germany, for querying and extracting 
data from the FAERS. OpenVigil2.1 is a commonly used analytical tool for data extraction and analysis from 
the FAERS, known for its standardized and comprehensive information retrieval, and has been employed in 
numerous pharmacovigilance studies14,15. Using ‘colistin’ as the search term, we identified 13,043 AE reports 
related to the drug. We then extracted and analyzed the data from these reports, obtaining 918 distinct AEs along 
with their corresponding ROR and PRR. Subsequently, in an Excel spreadsheet, we filtered the data based on the 
drug names, retaining only AE data for the generic names ‘COLISTIN’, ‘COLISTIN SULFATE’, ‘COLY-MYCIN 
M Parenteral’, and ‘COLISTIMETHATE SODIUM’, totaling 249 records. After excluding reports with unclear 
administration routes, gender information, and duplicates, we focused on 176 colistin AE reports.

In the FAERS database, each AE is classified using the Medical Dictionary for Regulatory Activities 
(MedDRA) and encoded based on the Preferred Terms (PTs) within the MedDRA classification system. The 
MedDRA classification system is structured into five hierarchical levels: System Organ Class (SOC), High-Level 
Group Term (HLGT), High-Level Term (HLT), Preferred Term (PT), and Low-Level Term (LLT). Low-Level 
Terms (LLTs) are typically synonyms of PTs (including variations in spelling or terminology) or more specific 
terms. Each PT is linked to a specific HLT, HLGT, and a primary SOC; however, each HLT, HLGT, and SOC 
typically encompasses multiple PTs16–18. In this study, AEs were categorized and organized according to the SOC 
and PT levels from MedDRA version 27.1.

Data analysis
(1) Descriptive Analysis: We summarized the key data by the reporting year of AEs and the reporting region. A 
trend curve was plotted for different years, and pie charts were generated for different regions. The descriptive 
analysis of colistin AEs included the number of AE reports, administration routes, gender, age, reporting year, 
and the country of the reporter. Chi-square (χ2) tests and Fisher’s exact tests were performed to analyze the 
descriptive data across different administration routes.

(2) Signal Detection: AE risk signals for colistin were identified using a method based on the imbalance of 
reporting odds, with the statistical metrics including ROR and its corresponding 95% confidence interval (95% 
CI), PRR and the corresponding χ2 test results. The methods for screening AE signals are shown in Table 1, along 
with formulas (1) and (2).

	 ROR = (a/b)/(c/d) = ad/bc� (1)

	 PRR = [a/(a + c)]/[b/(b + d)] = [a(b + d)]/[b(a + c)]� (2)

In the analysis, a represents the number of reports for the AE(s) of interest associated with the drug of interest, 
b represents the number of reports for the same AE associated with all other drugs, c represents the number of 

Drug(s) of interest All other drugs ∑

AE(s) of interest a b a + b

All other AEs c d c + d

∑ a + c b + d a + b + c + d

Table 1.  2 × 2 contingency table based on disproportionality analysis.
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reports for all other AEs associated with the drug of interest, d represents the number of reports for all other AEs 
associated with all other drugs. A signal of an adverse reaction is indicated if the following criteria are met: the 
number of reports n > 2; χ2 > 4; PRR > 2; and the lower bound of the 95% CI of the ROR > 1. The higher the PRR 
and ROR values, the stronger the signal intensity. A higher χ2 value suggests that the difference indicated by the 
PRR is more likely to be statistically significant.

Results
Analysis of signal detection for colistin AE reports in the FAERS database
An analysis of colistin-related AEs reported in the FAERS database identified a total of 918 AE reports. As 
shown in Fig. 1, these reports were associated with 27 distinct System Organ Classes (SOCs), with the top 3 
being ‘infections and infestations’, ‘investigations’, and ‘general disorders and administration site conditions’. 
Further analysis of the most frequently reported PTs from Q4 2003 to Q3 2023 revealed the top 10 AEs. As 
shown in Table 2, these AEs were categorized into four SOCs: ‘infections and infestations’, ‘general disorders 
and administration site conditions’, ‘injury, poisoning and procedural complications’, and ‘renal and urinary 
disorders’. Among the reported AEs, the proportion of reports for drug ineffective was the highest (4.71%). Other 
AEs in the top 10 include off label use (2.35%), acute kidney injury (2.29%), septic shock (2.23%), sepsis (2.12%), 
drug resistance (1.71%), multiple organ dysfunction syndrome (1.52%), death (1.48%), condition aggravated 
(1.33%), and pathogen resistance (1.20%). Among these, the signal intensity for pathogen resistance was the 
highest, with an ROR = 104.13 (95% CI: 78.76, 137.66), PRR = 99.70 (χ2 = 4934.21). The next highest were for 
drug resistance (ROR = 57.57 (95% CI: 45.74, 72.46), PRR = 53.94, χ2 = 3982.21), septic shock (ROR = 48.20 (95% 
CI: 38.55, 60.26), PRR = 44.97, χ2 = 3513.61), multiple organ dysfunction syndrome (ROR = 27.81 (95% CI: 21.40, 
36.14), PRR = 26.51, χ2 = 1421.55), sepsis (ROR = 15.65 (95% CI: 12.42, 19.72), PRR = 14.72, χ2 = 973.71), acute 
kidney injury (ROR = 10.60 (95% CI: 8.63, 13.02), PRR = 9.81, χ2 = 780.57). The signal intensity for condition 
aggravated, drug ineffective, and off label use was relatively weak (PRR < 5 & ROR < 5). Death had the weakest 
signal intensity (ROR = 1.16 (95% CI: 0.90, 1.49), PRR = 1.15, χ2 = 1.15), and did not even meet the criteria for 
generating an adverse reaction signal.

Fig. 1.  Classification of AE types at the SOC level.
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Trends and regional distribution of key colistin-related AE reports
Figure 2A illustrates the trend in the number of reports for 176 key AEs associated with colistin. The trend 
chart reveals fluctuations in the number of colistin-related AE reports from 2003 to 2023. Notably, a significant 
increase in the number of colistin-related AE reports has been observed after 2021. Excluding 5 colistin-related 
AE reports with missing country information, the regional distribution of the remaining 171 colistin-related AE 
reports is shown in Fig. 2B. A total of 37 countries reported colistin-related AEs in the FAERS, with the majority 
from European countries (56.82%), followed by Asian countries (27.03%) and American countries (10.81%). 
Additionally, as shown in Fig. 2C, among the 176 colistin-related AE reports, Europe accounted for the largest 
proportion, at 56.82%, followed by the Americas (21.02%) and Asia (17.05%).

Reported characteristics of key Colistin-Related AEs
After summarizing the 176 key colistin-related AE reports, the findings are presented in Table 3. Among these, 89 
reports were associated with IV administration of colistin, 45 reports were associated with INH administration, 
20 reports were associated with PO administration, and a total of 22 reports were associated with ten other 
administration routes, including intramuscular, intracranial, transplacental, and topical administration. In the 
reporting of AEs associated with colistin administration via IV, INH, and PO routes, a comparison between any 
two of these administration methods revealed no statistically significant differences in the gender and age of 
patients (P > 0.05). However, significant differences were observed in the year and country of reporting for AEs 
associated with different administration routes of colistin. The statistical differences in the year and country of 
reporting for AEs associated with IV versus INH administration were both highly significant (P < 0.001). For 
IV versus PO administration, the statistical differences were P = 0.014 for the year and P = 0.002 for the country. 
For INH versus PO administration, the statistical differences in both the year and country of AE reporting 
were highly significant (P < 0.001). An in-depth analysis of the 176 carefully monitored AE reports associated 
with colistin reveals that IV administration is associated with the highest incidence of reported events (n = 89). 
Notably, although no statistically significant age-related differences in the occurrence of AEs were observed 
across the various administration routes, the age group of 18–59 years accounted for the highest proportion of 
reported AEs, irrespective of the administration method (IV: 48.31%, INH: 42.22%, PO: 50.00%).

Regarding the reporting year, the number of AE reports associated with the IV use of colistin increased 
significantly between 2019 and 2023 (n = 42), accounting for 47.19% of the total number of AE reports related to 
IV colistin in the FAERS database over the past two decades. Concurrently, a significant increase in the number of 
AE reports for colistin administered via the INH route has been observed since 2014–2018. From the perspective 
of regional distribution of AE reports, as shown in Fig. 3A, the majority of colistin-related AE reports originated 
from Europe, the Americas, and Asia. Notably, AE reports related to IV colistin administration were significantly 
higher than those for other administration routes, with INH being the second most reported administration 
route. Focusing on countries with at least 7 reported AEs related to colistin and at least 2 different administration 
routes, the results are presented in Fig. 3B. The majority of AE reports were from Western countries, with the 
USA having the highest number of reports (14.77%, n = 27), followed by the UK (n = 19). Further analysis of AE 
reports from individual countries, broken down by different colistin administration routes, is shown in Fig. 3C. 
With the exception of the UK, the Netherlands, and Spain, IV administration was the predominant route for 
colistin-related AEs in most countries.

Reported analysis of key colistin-related AEs
This study presents a categorical analysis of the 176 key colistin-associated AEs, with the results shown in Table 4. 
These AEs were stratified into three distinct categories based on predefined criteria: renal dysfunction, treatment 
failure, and other. Renal dysfunction refers to abnormalities in kidney-related functions and indicators, while 
treatment failure includes cases of drug resistance, pathogen resistance, disease exacerbation, and situations 
where the infection or condition remained uncontrolled. The ‘other’ category includes a diverse range of adverse 
reactions, such as hepatotoxicity, neurotoxicity, death, dermatological symptoms (including pruritus and rash), 
gastrointestinal disturbances (including nausea, vomiting, and abdominal discomfort), essentially covering all 
reported adverse reactions listed in the colistin product label. Analyzing the reports of AEs associated with 
colistin across different administration routes revealed that, regardless of the type of AE, IV administration routes 

SOCs PTs Frequency Percent (%) ROR (95%CI) PRR (χ2)

General disorders and administration site conditions Drug ineffective 220 4.71 2.89 (2.48, 3.36) 2.58 (203.26)

Injury, poisoning and procedural complications Off label use 110 2.35 2.64 (2.16, 3.23) 2.50 (94.28)

Renal and urinary disorders Acute kidney injury 107 2.29 10.60 (8.63, 13.02) 9.81 (780.57)

Infections and infestations Septic shock 104 2.23 48.20 (38.55, 60.26) 44.97 (3513.61)

Infections and infestations Sepsis 99 2.12 15.65 (12.42, 19.72) 14.72 (973.71)

General disorders and administration site conditions Drug resistance 80 1.71 57.57 (45.74, 72.46) 53.94 (3982.21)

General disorders and administration site conditions Multiple organ dysfunction syndrome 71 1.52 27.81 (21.40, 36.14) 26.51 (1421.55)

General disorders and administration site conditions Death 69 1.48 1.16 (0.90, 1.49) 1.15 (1.15)

General disorders and administration site conditions Condition aggravated 62 1.33 3.86 (2.94, 5.07) 3.73 (106.55)

Infections and infestations Pathogen resistance 56 1.2 104.13 (78.76, 137.66) 99.70 (4934.21)

Table 2.  Top 10 most frequently reported AEs for colistin in the FAERS database (Q4 2003 - Q3 2023).
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had the highest number of AE reports. Specifically, renal dysfunction was reported in 26 cases, treatment failure 
in 33 cases, and other AEs in 30 cases. Notably, for IV administration, renal dysfunction and treatment failure 
together accounted for more than half of all reported AEs, reaching 66.29%. Additionally, statistical analysis 
using Fisher’s Exact Test and the Chi-squared test revealed that the types of AEs associated with IV colistin 
differed significantly from those associated with INH and PO administration (P = 0.047 for INH, P = 0.002 for 
PO). However, no significant difference in AE incidence was observed between INH and PO administration 
(P = 0.341).

Discussion
This study utilized the FAERS database to compare the reporting of AEs associated with colistin over a 20-year 
period, with a particular focus on comparing the reporting of AEs in 176 cases across different administration 
routes of colistin. Overall, the most frequently reported AE was drug ineffective, and the signal intensity for 

Fig. 2.  Trends in the annual total number of key colistin-related AEs and their regional distribution 
characteristics (Q4 2003 - Q3 2023). A: Annual distribution of AE reports; B: Geographical distribution of 
countries reporting colistin-related AEs; C: Geographical distribution of reported colistin-related AEs.
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pathogen resistance was the highest. According to MedDRA, drug ineffective is similar to drug resistance, 
both of which are categorized under ‘general disorders and administration site conditions’ at the SOC level. 
The distinction between the two is minimal, and according to the LLT classification, both indicate that the 
drug did not exert its intended effect, leading to a lack of therapeutic outcome. This can be attributed to either 
incorrect drug administration or the development of clinical resistance in the patient. In contrast, pathogen 
resistance, classified under ‘infections and infestations’ at the SOC level, refers to cases where there is definitive 
microbiological evidence of resistance, leading to therapeutic failure. These observations suggest a gradual 
increase in colistin resistance and highlight the fact that, although colistin was initially considered the ‘last line 
of defense’ against infections caused by MDR Gram-negative bacteria19,20, the rapid emergence and spread of 
these pathogens have led to its extensive clinical use, consequently contributing to the rise in colistin resistance 
among Gram-negative bacteria21. In fact, certain Gram-negative bacteria, such as Proteus mirabilis, Moraxella 
catarrhalis, Helicobacter pylori, Serratia marcescens, Providencia spp., and Burkholderia cepacia, modify the 
lipopolysaccharides in their cell membranes with cationic groups, resulting in the repulsion of cationic colistin 
and thereby exhibiting intrinsic resistance to colistin22–25. In addition, some susceptible bacterial species can 
acquire colistin resistance genes through spontaneous chromosomal mutations and transposon/plasmid-
mediated mechanisms26,27. The emergence of these resistance genes confers bacterial resistance to colistin, 
limiting its bactericidal effect. This highlights the importance of carefully considering the timing of colistin use 
and its antimicrobial spectrum in clinical practice. In addition, acute kidney injury is a common AE associated 
with colistin use, consistent with the warnings about potential adverse reactions in the product information. 
This substantiates the high incidence of nephrotoxicity among colistin’s adverse effects, with reports indicating 
that neuromuscular toxicity and nephrotoxicity are the most frequently reported AEs associated with colistin28. 
The incidence of acute kidney injury induced by colistin can range from 20–60%29, with nephrotoxicity being 
the most common side effect following IV administration of colistin32. This underscores the necessity of closely 
monitoring renal function in patients during colistin therapy to prevent adverse drug reactions.

In the analysis of 176 key AE reports associated with colistin, a significant increase in the number of reports 
for colistin-related AEs was observed in 2022. Between 2019 and 2023, reports of colistin-related AEs associated 
with IV and INH administration accounted for approximately half (48.51%) of the total number of reports 
for the same administration routes over the past 20 years (2003–2023). This increase reflects the growing 
clinical use of the drug during this period, likely driven by the rise in antimicrobial-resistant pathogens and 
the impact of the COVID-19 pandemic33,34. During the COVID-19 pandemic, the incidence of healthcare-
associated infections caused by multidrug-resistant organisms (MDROs) increased by 20%, and the prevalence 
of MDR Gram-negative bacteria was significantly correlated with the surge of COVID-19 cases35. A study by 
Yang et al. also highlighted that MDROs were detected in 42.9% of COVID-19 patients, with carbapenem-

Characteristics IV INH PO Other routes IV VS INH IV VS PO INH VS PO

Total 89 45 20 22 -- -- --

Sex Female 39 (43.82) 20 (44.44) 10 (50.00) 7 (31.82) P = 0.945b P = 0.616b P = 0.678b

Male 50 (56.18) 25 (55.56) 10 (50.00) 15 (68.18)

Age (years) < 1 1 (1.12) 1 (2.22) 0 (0.00) 1 (4.55) P = 0.612a P = 0.580a P = 0.920a

1–17 10 (11.24) 9 (20.00) 5 (25.00) 7 (31.82)

18–59 43 (48.31) 19 (42.22) 10 (50.00) 10 (45.45)

60–80 16 (17.98) 10 (22.22) 3 (15.00) 1 (4.55)

≥ 80 10 (11.24) 4 (8.89) 1 (5.00) 0 (0.00)

Missing 9 (10.11) 2 (4.44) 1 (5.00) 3 (13.64)

Year 2003–2008 10 (11.24) 4 (8.89) 1 (5.00) 7 (31.82) P < 0.001a P = 0.014a P < 0.001a

2009–2013 27 (30.34) 4 (8.89) 12 (60.00) 3 (13.64)

2014–2018 10 (11.24) 19 (42.22) 4 (20.00) 3 (13.64)

2019–2023 42 (47.19) 18 (40.00) 3 (15.00) 9 (40.91)

Country China 5 (5.62) 1 (2.22) 1 (5.00) 0 (0.00) P < 0.001a P = 0.002a P < 0.001a

USA 17 (19.10) 8 (17.78) 1 (5.00) 0 (0.00)

UK 2 (2.25) 9 (20.00) 1 (5.00) 7 (31.82)

Germany 9 (10.11) 1 (2.22) 2 (10.00) 1 (4.55)

France 6 (6.74) 2 (4.44) 1 (5.00) 1 (4.55)

Greece 6 (6.74) 1 (2.22) 1 (5.00) 1 (4.55)

Netherlands 1 (1.12) 0 (0.00) 7 (35.00) 2 (9.09)

Spain 2 (2.25) 8 (17.78) 0 (0.00) 1 (4.55)

Italy 8 (8.99) 1 (2.22) 0 (0.00) 1 (4.55)

Other countries 28 (31.46) 14 (31.11) 6 (30.00) 8 (36.36)

Missing 5 (5.62) 0 (0.00) 0 (0.00) 0 (0.00)

Table 3.  Characteristics of key colistin-related AE reports. Number of reports were shown as n (%) a: p-values 
was obtained from Fisher’s exact test b: p-values was obtained from Chi-squared test

 

Scientific Reports |        (2025) 15:10384 6| https://doi.org/10.1038/s41598-025-94947-6

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Characteristics IV INH PO Other routes IV VS INH IV VS PO INH VS PO

Total 89 45 20 22 -- -- --

AEs Renal dysfunction 26 (29.21) 6 (13.33) 1 (5.00) 7 (31.82) P = 0.047b P = 0.002a P = 0.341a

Treatment failure 33 (37.08) 15 (33.33) 4 (20.00) 3 (13.64)

Other categories 30 (33.71) 24 (53.33) 15 (75.00) 12 (54.55)

Table 4.  Analysis of key colistin-related AE reports. Number of reports were shown as n (%) a: p-values was 
obtained from Fisher’s exact test b: p-values was obtained from Chi-squared test

 

Fig. 3.  The reporting of colistin-related AEs in different regions and countries based on administration routes. 
A: The reporting of colistin-related AEs for different administration routes across regions. B: The distribution 
of countries reporting colistin-related AEs; C: The reporting of colistin-related AEs for different administration 
routes across countries. IV: Intravenous; INH: Inhalation; PO: Oral.
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resistant organisms (CROs) accounting for as much as 41.0%. Colistin, as the last line of defense against MDR 
Gram-negative bacterial infections, was administered to 28.5% of COVID-19 patients36. It is evident that the 
rise of MDR bacteria in nosocomial infections among COVID-19 patients has driven the increased clinical 
use of colistin. Additionally, we observed significant discrepancies in the frequency of AE reports associated 
with different administration routes of colistin, with IV administration recording the highest incidence (n = 89), 
followed by INH (n = 45) and PO administration (n = 20). The timing and national distribution of these reports 
also exhibited heterogeneity, reflecting a subtle shift in global colistin administration practices over the past 
two decades. Concurrently, the incidence of AEs appears to be correlated with the mode of administration. 
Traditionally, IV colistin administration has been the most common; however, an increasing number of recent 
studies suggest that AS colistin can assist in the treatment of MDR Gram-negative bacterial infections11,37–39. For 
pneumonia patients, INH administration delivers colistin directly to the site of infection, resulting in elevated 
colistin concentrations in lung tissue and reduced levels in plasma. This indicates that nebulization limits the 
systemic distribution of colistin, thereby minimizing systemic exposure40–46. Theoretically, INH administration 
of colistin could enhance its antimicrobial efficacy, reduce the development of bacterial resistance, and decrease 
adverse reactions by reducing the required dosage. Analysis of the geographical distribution of AE reports for 
colistin reveals notable discrepancies in reporting across different administration routes. IV administration 
is predominantly associated with reports from Europe and the USA, while INH administration reports are 
mainly concentrated in the UK, the USA, and Spain. PO administration reports are primarily identified in the 
Netherlands. This suggests a global variation in colistin prescription and use, but consistently highlights the 
higher frequency of AEs associated with IV colistin.

Utilizing the FAERS database, we analyzed the reporting frequency and signal intensity of AEs related to 
colistin. A stratified statistical analysis of 176 colistin-associated AEs revealed significant heterogeneity in AE 
reports between IV administration and other routes, such as INH and PO administration. Renal dysfunction and 
treatment failure are the predominant AEs associated with IV colistin administration. However, the combined 
reporting rate of renal dysfunction and treatment failure following inhaled colistin administration is similar 
to that of other AEs, while PO colistin administration is predominantly associated with a higher reporting 
rate of other AEs. Nonetheless, it is evident that renal dysfunction and treatment failure following IV colistin 
administration are the most frequently reported AEs across all administration routes. These findings highlight 
the heterogeneity in the incidence and types of AEs associated with the different administration routes of colistin. 
This observation mandates that clinicians exercise caution and tailor the choice of administration route of 
colistin to the specific needs of each patient. Moreover, it is imperative for medical professionals to be vigilant in 
anticipating and preventing AEs that are particularly associated with the chosen method of colistin delivery. This 
strategic approach to colistin administration is crucial for optimizing patient safety and therapeutic outcomes.

Of course, our study also has several limitations. For instance: (1) The FAERS database, being a voluntary 
reporting system, is susceptible to biases that may lead to underreporting or overreporting of AEs47, while our 
methodology excluded reports with identical characteristics and those lacking key details such as age, sex, and 
administration route, which may have resulted in the omission of certain AEs from our analysis. (2) Our analysis 
did not provide a detailed discussion of colistin dosing, as the FAERS database lacks comprehensive dosing 
data. This is a notable limitation, as emerging research suggests that suboptimal dosing may contribute to the 
development of colistin resistance, presenting a growing challenge in antimicrobial stewardship25. (3) Our study 
was unable to evaluate the impact of confounding factors such as patients’ medical histories and concomitant 
medications, as these factors were not recorded in the original data we obtained. In fact, colistin undergoes 
renal reabsorption and accumulates in renal proximal tubular cells, leading to nephrotoxicity48. Therefore, it is 
plausible that patients with pre-existing renal impairment or those concurrently receiving nephrotoxic drugs may 
be more susceptible to colistin-induced nephrotoxicity than those with normal renal function. This highlights 
the importance of renal function assessment in clinical decision-making processes regarding colistin therapy. 
(4) We were unable to determine the microbiological characteristics or the specific methods and guidelines 
used for antimicrobial susceptibility testing (AST) when colistin was administered, as this information was not 
available in the original data. Consequently, we were unable to analyze these subgroups, which may have affected 
the classification of AEs and introduced confounding factors when making comparisons between groups. While 
the FAERS database has inherent limitations, the substantial volume of data it contains enables robust statistical 
analysis of both commonly reported and novel AEs. The objective of this study is to elucidate the occurrence 
rates and risk signals associated with AEs following different administration routes of colistin. This information 
aims to offer insights that may guide clinical decisions regarding the optimal method of colistin administration 
and strategies for mitigating associated AEs.

Conclusion
This study revealed that, compared to inhaled and PO administration routes, IV administration of colistin is 
more likely to result in AEs such as nephrotoxicity and drug ineffectiveness. Additionally, significant differences 
in the types of AEs associated with colistin were observed depending on the different routes of administration. 
This study supports previous literature on the association between AS colistin and nephrotoxicity, while further 
extending the knowledge by comparing the differential incidence of AEs across various administration routes. 
These findings underscore the clinical importance of personalizing colistin administration based on individual 
patient characteristics and prioritizing the prevention and management of AEs most likely to occur with each 
administration route.
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