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Colistin Nephrotoxicity-Age and Baseline kidney Functions Hold the Key

Abstract

Introduction: With the emergence of multidrug-resistant gram-negative bacterial infections, there has
been a surge in the use of Colistin in recent times. The most important side effect of Colistin use is
its nephrotoxicity. The study was designed to assess the effect on kidney function and the risk factors
for nephrotoxicity in patients treated with Colistin. Methods: The study is a retrospective one, which
included patients who received Colistin for more than 48 hours. The estimated glomerular filtration
rate (¢eGFR) was calculated using the Modification of Diet in Renal Disease (MDRD) four-variable
equation and acute kidney injury (AKI) was diagnosed as per the Kidney Disease Improving Global
Outcome (KDIGO) criteria. Results: Of the 150 patients studied, 59 patients (39.2%) developed
AKI within a median period of 4 days (Range 2-20 days) of initiation of Colistin. Age, eGFR at
the start of therapy and requirement of vasopressor support for treatment of septic shock were the
most important risk factors associated with nephrotoxicity. Among patients with AKI, nearly half had
only mild worsening of renal functions to KDIGO AKI stage 1. Nearly 75% of patients with AKI
had complete or partial recovery of renal functions after stopping Colistin. Conclusion: Colistin has
significant nephrotoxicity, the risk being higher with older age and baseline renal dysfunction. It is
important to monitor renal functions early and at regular intervals after initiating therapy.
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Introduction

Colistin became available for clinical use
in the 1960s, and was replaced by less
toxic antibiotics after almost a decade, due
to concerns about its toxicity, especially
nephrotoxicity. In the past 10-15 years,
the emergence of multidrug-resistant
organisms and the drying of the antibiotic
development pipeline have led to the
increasing use of Colistin worldwide
in recent times. Nephrotoxicity is the
most worrying adverse effect of this
drug. The mechanism of nephrotoxicity
is thought to be due to an increase in
renal tubular epithelial cell membrane
permeability, which results in water and
ion influx, leading to cell swelling and
cell lysis. Various studies have reported
nephrotoxicity ranging from 20 to 50%
depending on the dose and the baseline
renal function. Despite its toxicity, the
emergence of multidrug-resistant organisms
forces clinicians to use Colistin even in
those with baseline renal dysfunction. This
study was done to assess renal functions in
patients treated with Colistin.
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Methods

The study is a retrospective one, to assess
the renal function in patients who received
Colistin from April 2017 to June 2019. The
data of patients admitted in hospital in both
critical and non-critical areas who received
Colistin for more than 48 hours was
obtained from electronic medical records
for the purpose of the study. Patients
with chronic liver disease, any structural
abnormality of the urinary tract and patients
with end-stage renal disease (ESRD)
were excluded from the study. Colistin
sensitivity was done using Vitek 2 based
Automated Antimicrobial Sensitivity testing
and the breakpoint Minimum inhibitory
Concentration (MIC) for sensitive isolates
was <2 microgram/mL.

Patient’s  demographic  variables and
serum creatinine at initiation of Colistin
therapy were collected. The estimated
Glomerular Filtration Rate (eGFR) was
calculated using Modification of Diet in
Renal Disease (MDRD) four variable
equation.'l All patients received Colistin
at a dose adjusted for renal function as per
the Stanford guidelines which were based
on recommendations by Nation et al.?l All
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patients received loading dose calculated based on the body
weight and an average reference adult received nine million
units as the initial dose and subsequent maintenance dose
in two divided doses per day. The dose was adjusted in
patients with renal failure based on creatinine clearance
calculated as per Cockcroft Gault formula based on patient’s
body weight. Patients were followed up while they were
admitted in hospital. Serum creatinine was measured by
Jaffe’s kinetic method using COBAS 6000- 501 machine,
manufactured by Roche, at Mannhiem city, Germany.
MDRD equation was preferred to Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation because
of the tendency of the latter to overestimate GFR in
Chronic Kidney Disease (CKD) patients.’! CKD and
Acute Kidney Injury (AKI) were defined as per the Kidney
Disease Improving Global Outcome (KDIGO) criteria.l**
The study was cleared by the hospital ethics committee.

The primary outcome of the study was AKI in patients
treated with Colistin. Secondary outcomes were risk factors
for AKI, characteristics of AKI including time to onset,
severity and reversibility as well as the association between
AKI and mortality.

The decision to stop Colistin in patients with AKI was
made on a case by case basis, depending on the severity of
infections, severity of AKI, relief of symptoms in certain
cases like urinary infections and partly based on patient
and family concerns regarding rise in creatinine values.
Complete recovery of renal functions was defined by
improvement of renal function to within 25% of baseline
creatinine value and partial recovery as any improvement
in creatinine (but not to within 25% of baseline creatinine)
after stopping Colistin.

Statistical analysis

The mean and standard deviation were used to describe
quantitative variables and percentage distribution for
qualitative variables. Independent sample #-test was used
to compare quantitative variables and Chi-square test was
used to compare discrete variables between groups. Binary
logistic regression was performed to ascertain the effects of
outcome and predictive variables. A value of P < 0.05 was
considered significant.

Results

A total of 150 patients were studied. The characteristics
of the patients are described in Table 1 and 2. The main
organisms identified were Klebsiella pneumoniae (56%),
Pseudomonas aeruginosa (24%), Acinetobacter baumannii
(12%) and E. coli (6.8%). Other organisms identified
were Elizabethkingia meningoseptica, Achromobacter
xylosoxidans, Enterobacter cloacae, Providencia rettgeri and
Proteus mirabilis in a small number of patients. Fifty-nine
patients (39.2%) had worsening of renal functions after
initiation of Colistin. The risk of acute kidney injury was
higher in patients with age more than 60 years and baseline

Table 1: Characteristics of patients who received Colistin

Baseline Characteristics Number - 150
Age in years, mean (SD) 54.17 (18.2)
Gender: Male/Female n (%) 68 (45.3)/82 (54.6)
Diabetes, 1 (%) 48 (32%)
Hypertension, n (%) 40 (26.6%)
Chronic Kidney disease, n (%) 34 (22.6%)
GEFR of patients with CKD in ml/ 40 (16.66)
minute/173 m?, mean (SD)

Vasopresor requirement, n (%) 16 (10.6%)

Cumulative dose of Colistine in
Million units, Median (range)

53.5 (18-252)

Duration of colistin treatment in days, 8 (5-10)
median (Inter Quartile Range)
Time interval from initiation of colistin 4 (2-20)

to AKI in days, Median (Range)
Source of sepsis n (%)

Urine 55 (36.6%)
Lung 43 (28.6%)
Skin 15 (10%)

Intraabdominal 14 (9.3%)
Unknown 23 (15.3%)

glomerular filtration rate less than 60 mL/minute/1.73m?
Patients with eGFR less than 60 mL/minute/1.73m? had
higher risk of worsening of renal functions than patients with
higher eGFR {Odds ratio (OR)-9.32, 95%CI (3.08,28.19)}.
The lower the GFR, the higher was the risk of worsening
of serum creatinine following Colistin therapy. The risk
was also higher in patients who required vasopressors for
treatment of septic shock {OR- 6.2, 95%CI (1.83,21.01)}.
The median time interval from initiation of Colistin to
acute kidney injury was 4 days (Range 2-20 days), with
around 60% developing renal failure within 7 days.
The study found no impact of gender, diabetes, and
hypertension on development of AKI. Binary logistic
regression analysis was performed to ascertain the effects
of age, gender, vasopressor requirement, baseline eGFR,
diabetes, hypertension, cumulative dose and duration of
Colistin therapy on acute kidney injury. Analysis revealed
age  {OR-1.074,95%CI  (1.024,1.126)},  vasopressor
requirement  {OR-20.86,95% CI  (3.211,135.564)}and
baseline GFR {OR- 0.986, 95%CI (0.973,0.998)} as
independent risk factors for acute kidney injury. However
only age {OR- 1.057, 95%CI (1.010, 1.107)} and
vasopressor requirement {OR-3.9, 95% CI (1.035,14.95)}
was found to be independent predictors of Stage 3 AKI.
Significantly AKI was found to be an independent risk
factor for in-hospital mortality {OR 4.2, 95%CI (1.5,11.7)}
along with vasopressor requirement {OR- 1545,
95%CI (3.77,63.19)}.

The severity of the AKI was assessed by the KDIGO
AKI criteria.l’! Of the fifty-nine patients with AKI,
twenty-nine (49.1%) patients had Stage 1 AKI, twelve
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Table 2: Comparison of characteristics of patients with and without acute kidney injury

Patient characteristics

Yes (number - 59)

Age years, Mean (SD)

CKD, n (%)

Vasopressor requirement, 7 (%)
Gender - Male/Female, n (%)
Diabetes, n (%)

Hypertension, n (%)

26 (17%)
12 (8%)

23 (15.3%)

Aminoglycosides, 7 (%) 3 (2%)
Intravenous Contrast, 1 (%) 4 (2.66%)
ACE I¥/ARB®, n (%) 2 (1.33%)
NSAIDs¢, n (%) 3 (2%)

63.65 (11.17)

27/32 (18%/21.3%)

16 (10.66%)

Acute Kidney Injury P
No (number-91)

48 (19.29) 0.001
8 (5.3%) 0.001
4 (2.6%) 0.01
41/50 (27.3%/33.3%) 0.615
25 (16.66%) 0.652
24 (16%) 0.756
5(3.33%) 0.236
4 (2.66%) 0.531
3 (2%) 0.956
3 (2%) 0.898

*ACE;i - Angiotensin Converting Enzyme Inhibitor, "ARB - Angiotensin Receptor Blocker, “NSAIDs - Non Steroidal Anti- Inflammatory Drugs

patients (20.3%) Stage 2 AKI and eighteen patients (30.5%)
had Stage 3 of AKI. Dialysis was required in five (8.4%)
patients. The planned duration of antibiotic therapy was not
completed in twenty six (17.3%) patients due to worsening
of renal functions and/or mortality.

Of the 59 patients with worsening of renal functions,
40 patients (67.7%) had complete recovery and five
patients had partial renal recovery of kidney functions after
stopping the drug. The remaining fourteen patients died in
hospital, and there was partial recovery of renal functions
in five of these patients after stopping Colistin. The details
are further depicted in Figure 1.

Discussion

The  parenteral form of Colistin is  sodium
colistimethate (CMS), which is converted to Colistin
in vivo.[*” The bactericidal effect of Colistin is attributed
to its binding with lipopolysacharide of bacterial cell
wall of Gram-negative bacteria, leading to its increased
permeability of bacterial cell wall and cell death. It also
binds to endotoxin and neutralizes it.*¥] The most important
side effects of Colistin are nephrotoxicity and neurotoxicity.
The mechanism of nephrotoxicity is increase in permeability
of renal tubular epithelial cells, causing cell lysis and acute
tubular necrosis.*! Apoptosis of the tubular epithelial
cells mediated by Caspases have also been thought to be
a mechanism of nephrotoxicity.l'"!"] Neurotoxicity due to
Colistin is dose dependent and reversible, manifesting as
paresthesia, peripheral neuropathy, ptosis, ophthalmoplegia
or even severe neuromuscular blockade resulting in
respiratory paralysis requiring ventilatory support.l’-1?

In our study of 150 patients who received Colistin,
59 patients (39.3%) developed worsening of renal functions
after starting Colistin. This was similar to other large
studies; Rocco et al.l"! reported 40% nephrotoxicity while
Sorli et al. reported 25.5% at day 7 and 49% nephrotoxicity
at the end of treatment.!'¥

Age was found to be a factor responsible for worsening
of renal functions. The mean age of patients who

Total Patients

n=150
Acute kidney Injury No Acute kidney injury
n=>59 n=91
|
Mortality Complete Renal Partial Renal
n=14 Recovery Recovery
n =40 n=5

Figure 1: Figure depicting the outcome of patients treated with Colistin

developed AKI was 63.65 + 11.18 years compared to
48.05 £ 19.29 years for patients whose renal functions
remained stable after initiation of Colistin (P < 0.001).
Similar findings were observed in other studies as well,
with age being an independent risk factor after adjusting
for other wvariables.'>!') The increased susceptibility
of the elderly can be explained by several factors.
Age-related decline in kidney function due to increased
glomerulosclerosis, interstitial fibrosis and tubular atrophy
make the elderly kidneys more prone to further toxic
insults. Increased sensitivity to vasoconstrictors and
reduced responsiveness to vasodilators impair the normal
vascular response in elderly kidneys.'” Increased oxidative
stress due to defective antioxidant mechanisms, increased
cell death due to apoptosis, upregulation of inflammation
and defective cell repair potential of the cells due to
various molecular defects can also explain the increased
risk of AKI in elderly due to Colistin.!"®!

The risk of worsening was higher if the patients had
underlying CKD (eGFR less than 60 mL/minute/1.73m?) at
the initiation of Colistin. The incidence of nephrotoxicity
varied from 35% in patients with stage 2 CKD to 87.5% in
Stage 4 CKD. This risk was much higher compared to the
study by Doshi et al.l' who reported 40% nephrotoxicity
in patients with CKD; the mean GFR of patients in that
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study was 43 mL/minute/1.73 m* compared to mean GFR
of 40 mL/minute/1.73m? in our study.

Numerous studies have identified concomitant use
of aminoglycosides, non-steroidal anti-inflammatory
drugs (NSAIDs), vancomycin, calcineurin inhibitors and
intravenous contrast agents as risk factors for worsening
of renal functions.'>22!l However in our study the use
of angiotensin-converting enzyme inhibitors/angiotensin
receptor  Blockers, NSAIDs, aminoglycosides and
intravenous contrast did not add to the risk, probably
because the numbers were very small and clinicians were
cautious to avoid these drugs in this group of patients. The
study found no impact of gender, diabetes and hypertension
on development of AKI.

Critically ill patients, requiring vasopressor support for
treatment of shock, had a 50% risk of worsening of kidney
function with use of Colistin {OR 6.21, 95% CI (1.83 ,21.0)}.
It is likely that the ischemia to the kidneys from septic
shock, probably makes the renal tubules more prone to
toxic damage from Colistin. Septic shock was found to be a
significant risk factor for AKI in the study by Rocco et al.l'¥).
Deterioration of kidney function with Colistin was also found
to be a risk factor for in-hospital mortality. This finding has
been consistent even after adjusting for septic shock as a
confounder, making it an independent predictor for mortality.

The median time interval between initiation of Colistin
therapy and rise in serum creatinine was 4 days (Range
2-20 days). It was observed that among patients with
worsening of kidney functions, 60% of patients developed
AKI within 7 days of therapy. An early onset of
nephrotoxicity is described in the study by Deryke et al.,*?
with all patients developing worsening of kidney function
within 5 days.

Among the 59 patients who had worsening of renal
functions, 40 patients (67.8%) had complete recovery
of renal functions (serum creatinine reduced to 25% of
the baseline) within a median period of 10 days (Range
7-15 days) after discontinuing the drug. Lidia et al.
reported renal recovery in 64.5% of patients after a median
period of 10.5 days which was similar to our findings.**! A
major reason for non-recovery of renal function was early
mortality in a majority of patients (73.7%), thus providing
the kidneys too short a time to recover.

There was no association of worsening of kidney function
with duration or cumulative dose of Colistin. This, contrary
to other similar studies, could be attributed to the fact that
Colistin was stopped early in patients with nephrotoxicity
which led to the data being skewed. The studies by
Rattanaumpawan et al'™ and Pogue et al** reported
dose and duration of Colistin therapy to be risk factors for
nephrotoxicity.

Our study has many limitations. It was a retrospective,
single-center study. The blood levels of Colistin were not

assessed. The data of urine output in patients with AKI was
not available. While calculating creatinine clearance using
Cockroft-Gault formula, bodyweight rather than adjusted
body weight was used. The analysis of critically ill patients
did not include well-studied scoring systems like Sequential
Organ Failure Assessment (SOFA) scores which predict
their outcome. Further, the cumulative nephrotoxicity due
to other nephrotoxic agents could not be meaningfully
assessed due to the small number of patients receiving such
agents.

Conclusion

Colistin has significant nephrotoxicity, the risk of AKI
is higher with older age, vasopressor requirement and
underlying CKD, with the former two factors also
associated with Stage 3 AKI. The median time to AKI was
4 days, so it is important to monitor renal functions early
and at regular intervals after initiating therapy. The median
time to recovery was 10 days. Clinicians should be aware
of the risk factors for nephrotoxicity with Colistin for
taking an informed decision before starting the drug.
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