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ABSTRACT

Background: The kidney is a major drug excretion organ and is therefore exposed to high concentrations of potentially toxic 
drugs. Nephrotoxicity is defined as a rapid deterioration of kidney function due to the toxic effect of drugs and chemicals. Colistin is 
a polymyxin-type antimicrobial currently used to treat multidrug-resistant gram-negative infections.

Methodology: A systematic review was carried out through various databases from January 2014 to February 2022; The search 
and selection of articles was carried out in indexed journals in English.

Results: Colistin is a cationic polypeptide antibiotic with a cyclic structure that belongs to the group of polymyxins. One of the 
criteria or scales to quantify colistin nephrotoxicity, which is still being used and implemented in clinical practice, are the RIFLE 
criteria. The main clinical characteristics of colistin nephrotoxicity are: Elevated serum creatinine, Oliguria, Increased fractional 
excretion of sodium, microscopic haematuria, Mild proteinuria, Hypoalbuminemia.

Conclusion: This review offers updated and detailed information on the main quantification criteria of colistin-associated 
nephrotoxicity as well as the main markers of colistin-associated renal injury, in order to establish more appropriate care behaviours.
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INTRODUCTION

The majority of patients in critical condition become drug 
dependent until they reach a state of resolution of the acute  

 
pathology they are undergoing. Therefore, the care of these patients 
must be carried out in a specialized and trained unit, such as the 
Intensive Care Unit. In this unit, high proportions of personnel can 
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be offered, in order to care for the critically ill patient, providing 
advanced monitoring and organ support in order to improve the 
morbidity and mortality of patient [1]. The kidney is a major drug 
excretion organ and is therefore exposed to high concentrations 
of potentially toxic drugs. To date it is known that nephrotoxicity 
caused by drugs is responsible for approximately 20% to 60% of 
cases of acute renal failure in hospitalized patients, being associated 
with increased mortality and morbidity in both children and adults 
[2]. Nephrotoxicity is defined as a rapid deterioration of kidney 
function due to the toxic effect of drugs and chemicals. There are 
several ways, and some drugs can affect kidney function in more 
than one way [3]. Antibiotics play an important role in different 
pathologies, either to eradicate and/or control the pathogen and 
also as a prophylactic method. Antibiotics belong to the class 
of drugs most prescribed worldwide, so antibiotic-associated 
nephrotoxicity is widespread. A wide range of antimicrobial agents 
have been associated with nephrotoxicity, but the characteristics 
of renal injury vary depending on the agent, its mechanism of 
injury, and the site of toxicity within the kidney [4]. Colistin is a 
polymyxin-type antimicrobial currently used to treat multidrug-
resistant gram-negative infections caused by bacteria such as 
Acinetobacter Baumann, Pseudomonas aeruginosa, and Klebsiella 
pneumoniae. This antibiotic had its beginnings in the year 1950, 
but it fell into disuse due to the nephrotoxicity caused, but due 
to the great resistance of some microorganisms, its importance 
has recently increased [5]. Distinguishing nephrotoxicity caused 
by an antimicrobial agent from other potential triggers is 
important to facilitate both early recognition of drug toxicity and 
prompt discontinuation of the offending drug, as well as to avoid 
unnecessary interruption of therapy [6,7]. Like the manifest fear 
about the high risk of nephrotoxicity, which still prevails among 
prescribers; it can lead to colistin underdosing, treatment failure, 
and the development of colistin resistance [8]. Therefore, it is 
convenient to carry out this work, in order to provide updated and 
detailed information on the main quantification criteria of colistin-
associated nephrotoxicity as well as the main markers of colistin-
associated renal injury.

MATERIALS AND METHODS
A systematic review was carried out, the articles were chosen 

in English from the PubMed, Schiele and ScienceDirect databases, 
among others. The collection and selection of articles was from 
the years 2014 to 2022. As keywords, the terms were used in 
the databases according to the Dec’s and Mesh methodology: 
Nephrotoxicity; Colistin; ICU; Antibacterial. 103 original and 
review publications related to the subject studied were identified, 
of which 28 articles met the specified inclusion requirements, such 
as articles that were in a range of not less than the year 2014, that 
they were full text articles and to report on the subject. As exclusion 
criteria, it was taken into account that the articles did not have 
sufficient information and that they did not present the full text at 
the time of their review.

RESULTS
Antimicrobial and Colistin Resistance

Colistin is a cationic polypeptide antibiotic with a cyclic 
structure that belongs to the group of polymyxins. Previously, it 
was used with a higher frequency than it is today, but due to the 
great risk of developing nephrotoxicity in close to 50% of patients 
and neurotoxicity, its clinical use has fallen into disuse [9]. But 
due to the number of resistant pathogens, such as carbapenem-

resistant Acinetobacter Baumann, Pseudomonas aeruginosa, and 
Enterobacteriaceae, its implementation is once again increasing 
in clinical practice [10]. In the ICU we find many risk factors that 
contribute to the pathogens acquiring resistance, within these 
factors we find the implementation of mechanical ventilation, 
administration of intensive pharmacological therapy as well as 
the performance of other invasive procedures, increasing the risk 
of infections acquired in hospital, as well as mortality rates [11]. 
It is believed that 25% of hospital-acquired infections occur in 
the intensive care unit. The frequency of hospital infections and 
susceptibility to antibiotics may vary from country to country, from 
hospital to hospital, and within different units of the same hospital 
[12]. The reduction in the resistance of patients being monitored 
in the ICU, long-term hospitalization, mechanical ventilation, and 
invasive procedures such as catheterization lead to an increased 
incidence of infections in these units. Multiple antimicrobial 
resistances occur with the widespread use of broad-spectrum 
antibiotics in these units.

Criteria for the Quantification of Colistin-Associated 
Nephrotoxicity

Table 1: RIFLE criteria.

Category Criteria

Risk (R) Increase in creatinine level x1.5 or decrease 
in GFR >25%

Injury (I) Increase in creatinine level x2 or decrease in 
GFR >50%

Failure (F) Increase in creatinine level x3, decrease in 
GFR > 74% or creatinine level > 4 mg/dl

Loss (L) Persistent acute renal failure or complete loss 
of function for >4 weeks

End-stage renal 
disease (E) End-stage renal disease for >3 months

One of the criteria or scales to quantify colistin nephrotoxicity 
are the criteria for risk, injury, failure, loss, and end-stage renal 
disease (RIFLE), for its acronym in English Risk, Injury, Failure, 
Loss, ESKD. end-stage renal disease). This is considered a valuable 
validated tool for the assessment of acute kidney injury based on 
both the change in glomerular filtration rate and serum creatinine 
concentration. In Table 1 we can identify the classification [13,14]. 
Although we can find other important classifications, such as the 
AKIN classification (Acute Kidney Injury Network); Table 2.

Table 2: AKIN stage and criteria.

Ira Stadium Criteria

AKIN-I Increase in SCr greater than or equal to 0.3 mg/dL or 
1.5-2.0 fold increase in SCr over baseline SCr

AKIN II >2.0 - 3.0 increase in SCr from baseline SCr

AKIN-III
Increase in SCr >3.0 from baseline or Increase in SCr >4 
mg/dL with an acute increase of at least 0.5 mg/dL or 

need for renal replacement therapy

Higher scores in both the AKIN and RIFLE classification 
have been found to be associated with higher ICU mortality. The 
definitions of RIFLE and AKIN have a high concordance in staging 
the severity of acute kidney injury. But the AKIN definition has 
shown greater sensitivity compared to RIFLE, since it encompasses 
a larger number of patients who are at risk of acute injury. Being this 
greater sensitivity the original intention of AKIN. Both definitions 
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are capable of predicting dialysis requirement, as well as ICU and 
28-day mortality. There is another classification to identify kidney 
damage, it is the KDIGO classification, it is currently the most widely 
used due to its high sensitivity and specificity when associated with 
other criteria (Table 3).

Table 3: KDIGO classification.

Kidney Function 
Category

FG (ML/MIN/1.73 
M2) Terms

G1 ≥90 Normal or high

G2 60-89 Slightly diminished

G3a 45-59 Mild to moderate 
decrease

G3b 30-44 Moderate to severe 
decrease

G4 15-29 Severe decline

G5 <15 Kidney failure (G5D, is 
treated with dialysis)

Nephrotoxic Mechanism

The kidney is a major drug excretion organ and is therefore 
exposed to high concentrations of potentially toxic drugs. Drug-
induced nephrotoxicity is a common and potentially serious 
complication of drug administration that occurs in both hospitalized 
and outpatient settings [15]. Renal injury must be substantial to 
affect traditional serum biomarkers, with 30% to 50% parenchymal 
damage required before changes in creatinine can be detected [16]. 
Drug-induced nephrotoxicity is classified as dose-dependent or 
dose-independent. In Figure 1 we can identify how renal lesions 
caused by drugs are classified [17,18].

The main means by which antimicrobials produce 
nephrotoxicity are by:

a) Acute Tubular Necrosis (Tubuloepithelial Lesion)

b) Acute Interstitial Nephritis (Tubulointerstitial Disease)

c) Crystal Nephropathy (Obstructive)

Figure 1: Classification of nephrotoxicity caused by drugs.

Colistin is one of those responsible for the patient developing 
a type A reaction and a tubuloepithelial lesion [19]. Accumulation 
of the drug within the epithelial cells of the proximal tubule leads 
to cell damage, causing increased membrane permeability and cell 
death, leading to acute tubular necrosis [20,21]. Preclinical data 
suggest that the use of higher and less frequent doses may minimize 
toxicity, but experience and data are insufficient to support this 
strategy in paediatric patients [22].

Tubuloepithelial Lesion

As reported, the cytotoxic effect of the drug is caused by direct 
contact with the epithelial cells of the proximal or distal tubule. 
Because this type of toxicity is dose-dependent, it occurs along 
a spectrum from membrane or organelle damage to complete 

cell death and necrosis. In Figure 2 we can graphically identify 
the pathophysiological mechanism of colistin in the induction of 
nephrotoxicity [23,24].

The mechanism begins with the endocytosis of the drug from 
the urine into the tubular epithelial cells [1]. Once inside the cell, 
the drug causes damage to cell organelles [2]. This initiates the 
process of apoptosis and cell death, and the release of systemic 
inflammatory signals [3]. Renal blood flow is then reduced [4] as a 
result of tubuloglomerular feedback mechanisms.

In summary, colistin produces direct cytotoxicity in tubular 
epithelial cells, most frequently in the proximal tubules. This 
mechanism is dependent on the dose of colistin and the course of 
time, the main clinical features are: [25,26].
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a) elevated serum creatinine

b) oliguria

c) Increased fractional excretion of sodium

d) microscopic haematuria

e) mild proteinuria

f) hypoalbuminemia

DISCUSSION
The Intensive Care Unit, in addition to being a specialized 

and trained site for the care of patients in critical condition, is 
the main site where invasive procedures are performed, thus 
increasing hospital-acquired infections as well as mortality.  It is 
estimated that approximately 25% of hospital-acquired infections 
occur in the intensive care unit. This favours greater bacterial 
resistance, contributing to the implementation of more effective 
antimicrobials, but with alarming side effects, such as colistin. The 
retrospective study carried out by Ayes et al, in which they report 
patients who received colistin in the adult ICU from January 1 to 
December 31, 2016, recording age, sex, site of infection among 
other values, reaching At the conclusion of the patients who 
received colistin should receive constant and careful monitoring, 
in order to detect the development of nephrotoxicity as a side 
effect, since nephrotoxicity occurred in 54.2% of all patients who 
received colistin [27]. Like the study by Ayes, Bajo and Volkan, in 
which they carry out a prospective observational study that was 
carried out among adult patients who received a minimum of 48 
hours of intravenous colistin from December 2012 to January 
2014 in intensive care units. , concluding that colistin led to a 
relatively high rate of nephrotoxicity [28]. The nephrotoxic effects 
caused by colistin is not something new and indisputable, since 
like the exposed studies there are others that affirm these facts, 
but it is still necessary to affirm the optimal dose of nephrotoxic 
effects, since the pharmacokinetics are highly variable in patients 
in critical condition. A strength of the current study is the 
methodology implemented, regarding the literature search, and 
steps in the selection of relevant articles, quality assessment, 
and data extraction. However, this study has several limitations, 
which should be taken into account before reaching a conclusion, 
among these are the little evidence from the analysis of clinical 
trials that demonstrate the optimal dose of the nephrotoxic effects 
of colistin, in order to adjust its therapeutic dose without causing 
nephrotoxicity and resistance to colistin at very low doses, so more 
studies are needed to answer these questions.

CONCLUSION
Colistin is a cationic polypeptide antibiotic with a cyclic structure 

that belongs to the group of polymyxins. Due to the number of 
resistant pathogens, such as carbapenem-resistant Acinetobacter 
Baumann, Pseudomonas aeruginosa, and Enterobacteriaceae, 
their implementation is once again increasing in clinical practice. 
It is believed that 25% of hospital-acquired infections occur in 
the intensive care unit. The frequency of hospital infections and 
susceptibility to antibiotics may vary from country to country, from 
hospital to hospital, and within different units of the same hospital. 
One of the criteria or scales to quantify colistin nephrotoxicity, 
which is still being used and implemented in clinical practice, is 

the risk, injury, failure, loss, and end-stage renal disease (RIFLE) 
criteria. Risk, Injury, Failure, Loss, ESKD (End Stage Renal Disease). 
Colistin is one of those responsible for the patient developing a 
type A reaction and a tubuloepithelial lesion. Colistin produces 
direct cytotoxicity in tubular epithelial cells, most frequently 
in the proximal tubules. This mechanism is dependent on the 
dose of colistin and the course of time, the main clinical features 
are: elevated serum creatinine, oliguria, increased fractional 
excretion of sodium, microscopic haematuria, mild proteinuria, 
hypoalbuminemia.

REFERENCES
1. Slater MB, Gruner A, Rochon PA (2017) Identifying high-risk 

medications associated with acute kidney injury in critically ill patients: 
a pharmacoepidemiologic evaluation. Paediatr Drugs 19(1): 59-67.

2. Vespertine A, Bielecki J, Drapier N (2016) The worldwide antibiotic 
resistance and prescribing in european children (arpec) point prevalence 
survey: developing hospital-quality indicators of antibiotic prescribing 
for children. J Antimicrob Chemother 71(4): 1106-1117.

3. Hsieh EM, Hornik CP, Clark RH (2014) Medication use in the neonatal 
intensive care unit. Am J Perinatol 31(9): 811-821. 

4. George CRP (2018) The rise and fall of acute tubular necrosis - an 
exercise in medical semiotics. G Ital Nefrol 35: 138-142.

5. Bartoli E (2016) Adverse effects of drugs on the kidney. Eur J Intern Med 
28: 1-8

6. Krishnan N, Perazella MA (2015) Drug-induced acute interstitial 
nephritis: pathology, pathogenesis, and treatment. Iran J Kidney Dis 
9(1): 3-13. 

7. Perazella MA (2014) Diagnosing drug-induced AIN in the hospitalized 
patient: a challenge for the clinician. Clin Nephrol 81(6): 381-388.

8. Moledina DG, Perazella MA (2017) Drug-induced acute interstitial 
nephritis. Clin J Am Soc Nephrol 12(12): 2046-2049.

9. Ghane Shahrbaf F, Assadi F (2015) Drug-induced renal disorders. J Renal 
Inj Prev 4(3): 57-60.

10. Mulay SR, Anders HJ (2017) Crystal nephropathies: mechanisms of 
crystal-induced kidney injury. Nat Rev Nephrol 13(4): 226-240.

11. Mulay SR, Shi C, Ma X (2018) Novel insights into crystal-induced kidney 
injury. Kidney Dis (Basel) 13(4): 49-57.

12. Khan M, Ortega LM, Bagwan N (2015) Crystal-induced acute kidney 
injury due to ciprofloxacin. J Nephropathol 4(1): 29-31.

13. Goli R, Mukku KK, Raju SB (2017) Acute ciprofloxacin-induced crystal 
nephropathy with granulomatous interstitial nephritis. Indian J Nephrol 
27(3): 231-233.

14. Bruniera FR, Ferreira FM, Saviolli LR (2017) The use of vancomycin with 
its therapeutic and adverse effects: a review. Eur Rev Med Pharmacol Sci 
19(4): 694-700.

15. Meijer-Schaap L, Van Putten JW, Janssen WM (2018) Effects of Crizotinib 
on creatinine clearance and renal hemodynamics. Lung Cancer 122:192-
194. 

Figure 2: Mechanism of colistin-induced nephrotoxicity.

https://pubmed.ncbi.nlm.nih.gov/27943125/
https://pubmed.ncbi.nlm.nih.gov/27943125/
https://pubmed.ncbi.nlm.nih.gov/27943125/
https://pubmed.ncbi.nlm.nih.gov/26747104/
https://pubmed.ncbi.nlm.nih.gov/26747104/
https://pubmed.ncbi.nlm.nih.gov/26747104/
https://pubmed.ncbi.nlm.nih.gov/26747104/
https://pubmed.ncbi.nlm.nih.gov/24347262/
https://pubmed.ncbi.nlm.nih.gov/24347262/
https://pubmed.ncbi.nlm.nih.gov/29482296/
https://pubmed.ncbi.nlm.nih.gov/29482296/
https://pubmed.ncbi.nlm.nih.gov/26725327/
https://pubmed.ncbi.nlm.nih.gov/26725327/
https://pubmed.ncbi.nlm.nih.gov/25599729/
https://pubmed.ncbi.nlm.nih.gov/25599729/
https://pubmed.ncbi.nlm.nih.gov/25599729/
https://pubmed.ncbi.nlm.nih.gov/24691017/
https://pubmed.ncbi.nlm.nih.gov/24691017/
https://pubmed.ncbi.nlm.nih.gov/28893923/
https://pubmed.ncbi.nlm.nih.gov/28893923/
https://pubmed.ncbi.nlm.nih.gov/26468475/
https://pubmed.ncbi.nlm.nih.gov/26468475/
https://pubmed.ncbi.nlm.nih.gov/28218266/
https://pubmed.ncbi.nlm.nih.gov/28218266/
https://pubmed.ncbi.nlm.nih.gov/28218266/
https://pubmed.ncbi.nlm.nih.gov/28218266/
https://pubmed.ncbi.nlm.nih.gov/25657983/
https://pubmed.ncbi.nlm.nih.gov/25657983/
https://pubmed.ncbi.nlm.nih.gov/28553048/
https://pubmed.ncbi.nlm.nih.gov/28553048/
https://pubmed.ncbi.nlm.nih.gov/28553048/
https://pubmed.ncbi.nlm.nih.gov/25753888/
https://pubmed.ncbi.nlm.nih.gov/25753888/
https://pubmed.ncbi.nlm.nih.gov/25753888/
https://pubmed.ncbi.nlm.nih.gov/30032830/
https://pubmed.ncbi.nlm.nih.gov/30032830/
https://pubmed.ncbi.nlm.nih.gov/30032830/


Karenth Yuliana Hurtado SolerResearch Article

       2023 Open Access Journal of Biomedical Science  Open Acc J Bio Sci. March-April- 5(2): 2404-2408C

Research Article

2408

16. Elsby R, Chidlaw S, Outteridge S, Pickering S, Radcliffe A, et al. (2017) 
Mechanistic in vitro studies confirm that inhibition of the renal apical 
efflux transporter multidrug and toxin extrusion (MATE) 1, and not 
altered absorption, underlies the increased metformin exposure 
observed in clinical interactions with cimetidine, trimethoprim or 
pyrimethamine. Pharmacol Res Perspect 5(5): e00357.

17. Whiting P, Morden A, Tomlinson LA, Caskey F, Blakeman T, et al. (2017) 
What are the risks and benefits of temporarily discontinuing medications 
to prevent acute kidney injury? A systematic review and meta-analysis. 
BMJ open 7(4): e012674.

18. Sharbaf FG, Farhangi H, Assadi F (2017) Prevention of chemotherapy-
induced nephrotoxicity in children with cancer. Int J Prev Med 8: 76.

19. Zununi Vahed S, Ardalan M, Samadi N, Omidi Y (2015) Pharmacogenetics 
and drug-induced nephrotoxicity in renal transplant recipients. 
Bioimpacts 5(1): 45-54.

20. Prasaja Y, Sutandyo N, Andrajati R (2015) Incidence of cisplatin-
induced nephrotoxicity and associated factors among cancer patients in 
Indonesia. Asian Pac J Cancer Prev 16(3): 1117-1122.

21. Sardarian A, Andisheh Tadbir A, Zal F, Amini F, Jafarian A, et al. (2015) 
Altered oxidative status and integrin expression in cyclosporine 
A-treated oral epithelial cells. Toxicol Mech Methods 25(2): 98-104.

22. Koksal AR, Alkim H, Boga S, Iyisoy MS, Sen I, et al. (2019) Value of 
cystatin C-based e-GFR measurements to predict long-term tenofovir 
nephrotoxicity in patients with hepatitis B. Am J Ther 26(1): e25-31. 

23. Dinarello CA, Kaplanski G (2018) Indeed, IL-18 is more than an inducer 
of IFN-γ J Leukoc Biol 104(2): 237-238. 

24. Andankar P, Shah K, Patki V (2018) A review of drug-induced renal 
injury. J Pediatr Crit Care 5(2): 36-41.

25. Eddy AA (2019) Drug-induced tubulointerstitial nephritis: 
Hypersensitivity and necroinflammatory pathways. Pediatr Nephrol 
35(4): 547-554. 

26. Al-Kuraishy HM, Al-Gareeb AI, Rasheed HA (2019) Antioxidant and anti-
inflammatory effects of curcumin contribute into attenuation of acute 
gentamicin-induced nephrotoxicity in rats. Asian J Pharm Clin Res 12: 
466-468.

27. Inci A, Korkmaz M, Guney I, Derbent A, Salihoglu Z (2018) Determination 
of colistin-related nephrotoxicity and risk factors in intensive care unit. 
North Clin Istanb 5(2): 120-124.

28. Serra A, Ergonul A, Korten V (2019) Colistin nephrotoxicity in critically 
ill patients after implementation of a new dosing strategy. J Infect Dev 
Ctries 13(10): 877-885.

https://pubmed.ncbi.nlm.nih.gov/28971610/
https://pubmed.ncbi.nlm.nih.gov/28971610/
https://pubmed.ncbi.nlm.nih.gov/28971610/
https://pubmed.ncbi.nlm.nih.gov/28971610/
https://pubmed.ncbi.nlm.nih.gov/28971610/
https://pubmed.ncbi.nlm.nih.gov/28971610/
https://pubmed.ncbi.nlm.nih.gov/28389482/
https://pubmed.ncbi.nlm.nih.gov/28389482/
https://pubmed.ncbi.nlm.nih.gov/28389482/
https://pubmed.ncbi.nlm.nih.gov/28389482/
https://pubmed.ncbi.nlm.nih.gov/29114374/
https://pubmed.ncbi.nlm.nih.gov/29114374/
https://pubmed.ncbi.nlm.nih.gov/25735341/
https://pubmed.ncbi.nlm.nih.gov/25735341/
https://pubmed.ncbi.nlm.nih.gov/25735341/
https://pubmed.ncbi.nlm.nih.gov/25418342/
https://pubmed.ncbi.nlm.nih.gov/25418342/
https://pubmed.ncbi.nlm.nih.gov/25418342/
https://pubmed.ncbi.nlm.nih.gov/27753647/
https://pubmed.ncbi.nlm.nih.gov/27753647/
https://pubmed.ncbi.nlm.nih.gov/27753647/
https://pubmed.ncbi.nlm.nih.gov/29733453/
https://pubmed.ncbi.nlm.nih.gov/29733453/
https://pubmed.ncbi.nlm.nih.gov/30820701/
https://pubmed.ncbi.nlm.nih.gov/30820701/
https://pubmed.ncbi.nlm.nih.gov/30820701/
https://pubmed.ncbi.nlm.nih.gov/32084017/
https://pubmed.ncbi.nlm.nih.gov/32084017/
https://pubmed.ncbi.nlm.nih.gov/32084017/

	Colistin Nephrotoxicity in The Critically Ill Patient
	ABSTRACT
	KEYWORDS
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Antimicrobial and Colistin Resistance
	Criteria for the Quantification of Colistin-Associated Nephrotoxicity
	Nephrotoxic Mechanism
	Tubuloepithelial Lesion

	DISCUSSION
	CONCLUSION
	REFERENCES
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

