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Abstract

Background: Colistin is an old antibiotic and used for resistant gram-negative infections. Nephrotoxicity is the most common side effect
and restricts clinicians to use it. Many risk factors suggested for the development of nephropathy. It could be better to know risks to pre-
vent nephropathy development. Objectives: In this study, we aimed to evaluate factors that affecting the development of nephropathy in
patients who were hospitalized in hematology, oncology, palliative care, and intensive care units. Methods: 125 patients aged 20-93 years
old were enrolled in this retrospective study. Data were obtained from the pharmacy of the university hospital and information manage-
ment system of the hospital. Results: Among 125 patients included in the study, 15 developed KDIGO stage 1 nephropathy, 21 stages
two nephropathies, and four stages three nephropathies, respectively. Age, albumin level, and bilirubin levels were shown to be related to
nephropathy. We found the cut off value of albumin 3.05 mg/dl for development of nephropathy (sensitivity 70%; specificity 66%;
C1=95%, p=0.003) and mortality (sensitivity 69%; specificity 61%; Cl1=95%, p<0.001). We revealed that age and bilirubin levels inde-
pendently affected the development of nephropathy in linear regression analysis (r2 =0.131, p=0.032; p=0.015). Also, mortality was de-
noted to be related to albumin and bilirubin levels independently in linear regression analysis (r2 =0.161, p=0.03; p=0.004). Conclusions:
Older age, hypoalbuminemia, and hyperbilirubinemia were risk factors for colistin related nephropathy and mortality. Further studies
will be better to elucidate relationships more clearly.
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1. Introduction

Polymyxins are cationic cyclic polypeptide antibiotics that identified as fermentation products of the bacteria Bacillus polymyxa(Yu et
al. 2018). Their antimicrobial activity was first recognized in the 1940s (Lim et al. 2015). There are five groups of polymyxins, starting
from polymyxin A to polymyxin E (&NA; 2005). Polymyxin E or colistin is useful for the treatment of infections caused by resistant
microorganisms like Pseudomonas aeruginosa, Acinetobacter baumannii, Klebsiella pneumonia, and Escherichia coli (Cetin et al. 2016).
Bacterial resistance against the drug is not as broad as others like cephalosporins, quinolones, and carbapenems (Das, Goel, and
Bhattacharya 2018). In the 1970s, nephrotoxicity and neurotoxicity of colistin attracted attention. Its use was stopped. Instead of colistin,
newer gram-negative antibacterial agents that were perceived to be less toxic were preferred to use for resistant gram-negative infections.
However, the emergence of multi-drug resistant microorganisms (MDRO) made use of colistin necessary again (Hachem et al. 2007).
Gram-negative bacteria have a three-layered envelope, including the outer membrane (OM), the cytoplasmic membrane, and a pepti-
doglycan layer in the periplasmic space. The outer membrane of gram-negative bacteria has an amphipathic structure (Clarke, Gray, and
Reaveley, 1967). Divalent cations like Mg?* and CaZ*are responsible for maintaining lipopolysaccharide (LPS) structure (Clifton et al.
2015). Polymyxins have a high affinity for LPS molecules because of their cationic structure (Morrison and Jacobs 1976). One of the
mechanisms that explain the polymyxins bactericidal effect on gram-negative bacteria is based on this interaction. Polymyxin binding
causes the displacement of divalent cations that function as stabilizers of OM of gram-negative bacteria. Disturbance of LPS structure
allows more polymyxins to transverse OM (Acta, Schindler, and Oshorn 1979). Some other mechanisms that explain bactericidal activity
are the formation of molecular connections between OM and cytoplasmic membrane, perforation of the cell wall, loss of intracellular
proteins, and production of reactive oxygen species (O’Driscoll et al. 2018).

The major drawback of colistin use for resistant gram-negative infections is nephrotoxicity. To prevent the development of colistin in-
duced nephrotoxicity, defining risk factors is essential. Some of them are increased age, comorbid conditions, prolonged time of treat-
ment, high doses, use of other nephrotoxic agents, pre-existing renal failure, hypertension, and obesity (Shields et al. 2017). In addition
to these factors, hyperbilirubinemia and hypoalbuminemia are some other risk factors suggested to be related to colistin nephrotoxicity
(E. J. Kim and Kim 2018).

In this study, we evaluated the relationship between hyperbilirubinemia, hypoalbuminemia, colistin nephrotoxicity, and mortality.
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2. Methods

2.1. Study design and collection of data

This single-centered, retrospective study was conducted at the Gaziantep University Faculty of Medicine. One hundred twenty-five pa-
tients were enrolled in the study. Their age was between 20-93 years old; the mean age was 51.5 + 1.9. In this study, patients who were
hospitalized in units of palliative care, medical oncology, hematology, and intensive care unit between years of 2018-2019 evaluated.
Exclusion criteria were; missing data, colistin use less than 48 hours, and hemodialysis. Only patients that took colistin intravenously
were enrolled to study. The development of acute kidney injury and mortality were end-points of the study. Patients’ ID and numbers
were taken from the pharmacy of the university hospital. We obtained patients' clinical and demographical information from the infor-
mation management system of the hospital.

2.2. Colistin treatment

Intravenous colistimethate sodium (CMS) was used in this study. The administration of CMS for multi-drug resistant infection was based
upon the results of in vitro antimicrobial susceptibility tests. 2.5-5.0 mg/kg/day (not to exceed 5 mg/kg/day) CMS was used for patients
with normal renal function. The total daily dosage was reduced when renal impairment was seen, according to the manufacturer's instruc-
tions. Treatment duration was determined due to clinical response.

2.3. Definition of development of renal injury

Acute kidney injury was defined by using creatinine levels according to the Kidney Disease: Improving Global Outcomes (KDIGO)
criteria (Machado, Nakazone, and Maia 2014).

2.4. Blood collection and biochemical analysis

Blood was collected from patients after 8 hours of night fasting in the morning. Venous blood was taken from the antecubital vein. Creat-
inine, albumin, and bilirubin levels were measured in serum by commercial test kits in a biochemistry auto-analyzer (Beckman Coulter).

2.5. Statistics

The IBM SPSS Statistics 22 software program was used to analyze data. Continuous variables of groups were compared by using the
independent sample t-test. Relationships between parameters were investigated by Pearson correlation analysis. Also, the linear regres-
sion model was used to analyze relationships between parameters. ROC (Receiver Operating Characteristic) analysis was done for de-
termining cut off values of parameters that predicted nephropathy and mortality. The statistical significance level was determined as
p<0.05.

2.6. Ethical approval and informed consent

No specific, informed consent or ethical approval needed for the retrospective study

3. Results

There were 125 patients, and these patients were investigated about colistin nephropathy and factors influencing colistin nephropathy.
Eighty-five of them were hospitalized in the hematology clinic, 15 of them in the medical oncology clinic, 16 of them in the palliative
care unit, 9 of them in the intensive care unit. Primary diagnoses of the patients were summarized in table-1. 59% of them (n=74) were
male and 41% of them (n=51) were female. Thirty of them were >65 years old. Thirty-eight of them were infected with Klebsiella pneu-
monia, 35 of them with Acinetobacter baumanii, 29 of them with Escherichia coli, and 23 of them with Pseudomonas aeruginosa. Eighty-
five of the patients did not develop nephropathy; 15 of them developed stage 1 nephropathy, 21 of them developed stage 2 nephropathy,
and 4 of them developed stage 3 nephropathy. Age was demonstrated to be related to nephropathy and mortality. Age was also negative-
ly related to albumin level (p=0.002, r=-0.266). Our study revealed that serum albumin levels were inversely related to nephropathy and
mortality. Also, we revealed that the bilirubin level was related to nephropathy and mortality. Results were summarized in table-2. We
determined the cut off value of albumin 3.05 mg/dl for development of nephropathy (sensitivity 70%; specificity 66%; C1=95%,
p=0.003) (figure-1) and mortality (sensitivity 69%; specificity 61%; CI=95%, p=0.00) (figure-2). Nephropathy was strongly related to
mortality (p<0.001, r=0.400). Gender was not related to nephropathy (p=0.051) or mortality (p=0.66). Also, there was no relationship
between age, albumin, bilirubin, and gender (table-3). In linear regression analysis, age and bilirubin levels were found to be inde-
pendently related with nephropathy (r? =0.131, p=0.032; p=0.015). Albumin level was found to be independently associated with
nephropathy when we did linear regression analysis with aloumin level and bilirubin level (r?=0.096, p=0.028), but when we added age
to parameters albumin level became not related with nephropathy (r?=0.131, p=0.124). Mortality was found to be related to albumin and
bilirubin level in linear regression analysis too (r>=0.161, p=0.03; p=0.004). Age was found not to be related to mortality in linear re-
gression analysis (r2=0.161, p=0.087). We did not evaluate the relationship between colistin nephrotoxicity and using other nephrotoxic
drugs because other than seven patients, all of them were using concomitant nephrotoxic drugs. The number of nephrotoxic drugs used
by patients was shown in table-4.

4. Discussion

In this study, we revealed that the presence of hypoalbuminemia, hyperbilirubinemia, and aging increased the probability of colistin
nephropathy development. These factors also increased mortality. Previous studies also showed us that low albumin levels were related
to nephropathy. Levels below 2 mg/dl (milligram/deciliter), 2.5 mg/dl, and 3.2 mg/dl were found to be related to nephrotoxicity in differ-
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ent studies (Kwon et al. 2010)(Giacobbe et al. 2018)(J. Kim et al. 2009). Many mechanisms being used to explain the relationship be-
tween hypoalbuminemia and colistin nephrotoxicity. One of them is dependent on albumin-bound and unbound fractions of colistin. An
unbound fraction of colistin is suggested to be responsible for the development of nephrotoxicity (Mohamed et al. 2012). Another mech-
anism is dependent on antioxidant status. Antioxidant properties of serum albumin and its free-radical trapping activity were mentioned
in previous studies (Taverna et al. 2013). Some authors suggest that reduced antioxidant capacity due to hypoalbuminemia causes in-
creased proximal tubular damage(De Castro et al. 2014). Also, diminished renal perfusion as a result of hypoalbuminemia is thought to
be a facilitator of colistin nephropathy(Wiedermann, Wiedermann, and Joannidis 2017). Finally, albumin is a well-known negative acute
phase reactant(Ahmed et al. 2012). Hypoalbuminemia can indicate both inflammation and malnutrition, and it can be associated with
poor health status (Jellinge et al. 2014). Multiple factors that contribute to poor health status can also influence renal function.
Nevertheless, in our study, we also encountered a different result; in linear regression analysis, we found that albumin and bilirubin af-
fected the development of nephropathy independently from each other, but when age was included to analyze albumin became not an
independent factor. Also, we found a negative relationship between age and albumin levels. So the relationship between albumin level
and nephropathy seems to be affected by age. On the other hand, mortality was found to be related to albumin and bilirubin, and unex-
pectedly age was found not to be related to mortality in linear regression analysis. It might be related to that number of elderly patients
was only 30.

In our study, we also revealed the effect of hyperbilirubinemia on colistin renal toxicity. The relationship between jaundice and renal
failure has been known for a long time. Jaundice can cause tubular injury-induced electrolyte disturbances (e.g., hyponatremia, hypoka-
lemia, hypouricemia, normal gap metabolic acidosis, and Fanconi syndrome) and acute kidney injury. Bile acids are directly toxic to
tubular cells (Wardle 1975). Also, bile salts can cause nephropathy by accumulating in the tubular lumen. This situation is called as bile
cast nephropathy or cholemic nephrosis. The mechanism is similar to the mechanism of cast nephropathy in multiple myeloma (Jain et al.
2015). In Kwon et al.'s retrospective study, male sex was revealed as an independent risk factor of colistin nephropathy, although in our
study relationship between gender and nephropathy was not found. In the same study, hypoalbuminemia and hyperbilirubinemia were
defined as independent risk factors for colistin related nephropathy as in our study (Kwon et al. 2010).

Many mechanisms were supposed to explain colistin nephrotoxicity. One of them is the detergent theory. They supposed that colistin
sulfate interacted with anionic phospholipids and disturbed cell membrane permeability(Gai et al. 2019).

Another theory is that the cause of colistin nephrotoxicity is the accumulation of colistin in proximal tubular cells of the kidney (Suzuki
et al. 2013).

Our study is critical because few studies were investigating the effect of age, albumin, and bilirubin on colistin nephropathy together. It
could be better to evaluate the relationship between the duration of hospitalization and other parameters. Also, we denoted that the albu-
min effect on nephropathy might be influenced by age. Only 30 of our patients were elderly patients, and it could be better to evaluate the
effect of age in a population that was more balanced upon age distribution. Besides these, we found a new cut-off value of albumin for
colistin nephropathy development and mortality.

Colistin is an antimicrobial that has a narrow therapeutic range, commonly used for multi-drug resistant infections, and that infections are
seen in patients who have a critical illness. Hypoalbuminemia and hyperbilirubinemia can be seen because of many factors in those pa-
tients. So the effect of hypoalbuminemia and hyperbilirubinemia on colistin nephropathy can be affected by multiple factors. Evaluation
and differentiation of those factors may be hard. The major limitation of our study was that situation. Another limitation of our study was
that we could not be able to evaluate the effect of albumin replacement on albumin levels, development of nephropathy, and mortality
retrospectively.

5. Conclusion

In this study, we revealed that older age, hypoalbuminemia, and hyperbilirubinemia were risk factors for colistin related nephropathy and
mortality. Correcting albumin levels or avoidance of colistin use in hyperbilirubinemia patients can be useful for diminishing rate of
colistin related nephropathy. Also, we reached the result that colistin should be used more carefully in older patients.
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Abbreviations

Cl: cumulative index

OM: outer membrane

LPS: lipopolysaccharide

KDIGO: Kidney Disease: Improving Global Outcomes

ROC: Receiver Operating Characteristic

NSAID: non-steroidal anti-inflammatory drug

Table 1: Primary Diagnosis of Patients

frequency Percent (%)
Leukemia 46 36.8
Multiple myeloma 23 18.4
Solid-organ tumor 21 16.8
Diagnosis Lymphoma 17 13.6
Alzheimer’s disease 14 11.2
Cerebrovascular event 4 3.2

Total 125 100
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Table 2: Factors Affecting Mortality and Nephropathy

Nephropathy Mortality
Age p=0.00, r=0.326 p=0.01, r=0.233
Albumin (g/dL) p=0.003, r=-0.266 p=0.004, r=-0.258
Bilirubin (mg/dL) p=0.005, r=0.251 p=0.002, r=0.277
Table 3: Relationship between Parameters and Gender
Gender female (mean+SD) male (mean£SD) p=
Age 54420 50+18 0.241
Albumin 3.12+0.6 2.97+0.8 0.244
Bilirubin 1.74+0.56 1.17+0.23 0.304
Table 4: Nephrotoxic Drugs Used with Colistin
Drug name Number of patients used
Meropenem 77
Valacyclovir 63
Daptomycin 47
Amikacin 21
Cyclosporin 17
Cefalosporin 6
NSAID 4
Diuretic 4
Others 7

NSAID: the non-steroidal anti-inflammatory drug.
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