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Purpose: Colistin is still a therapeutic cornerstone against multidrug-resistant gram-negative bacteria (MDRGN), mostly when other
antibiotics do not gain adequate activity on these strains. In the present study, we evaluated in a cohort of burn patients the relationship
between colistin therapy, survival and requirement of renal replacement therapy (CRRT).
Patients and Methods: Retrospective study of 133 burn patients treated with iv colistimethate sodium (loading dose 9.0 × 106 IU,
maintenance dose 4.5 × 106 IU BID) and 35 treated with other antibiotics for MDRGN infection including Acinetobacter baumannii,
Pseudomonas aeruginosa, and Klebsiella pneumoniae between January 2008 and December 2017. Multivariate analysis with logistic
regression was used to determine the effect of the predictors such as age, total body surface area (TBSA), third-degree burn areas,
Revised Baux score, Charlson comorbidity score, length of stay, colistin dose and duration of treatment, mechanical ventilation, and
need of CRRT on in-hospital mortality. To investigate the relationship between colistin and renal function, we focused on survivor
patients as the completion of the therapeutic course of colistin represented the basic requirement to analyze its impact on the kidney.
Results: Out of 133 colistin- and 35 other antibiotics-treated patients, 83 (62.4%) and 31 (88.6%) survived, and 53 (39.8%) and 3
(9.7%) required CRRT, respectively. The severity of burns, as well as CRRT requirement and mortality, was significantly higher in
colistin-treated patients than in other antibiotics-treated patients. Age and TBSA% were the significant predictors of mortality. Out of
83 colistin-treated survivors, 19 (22.9%) required CRRT (9 before and 10 after the start of colistin), and 64 (77.1%) had a normal renal
function. No difference about the colistin dose and baseline characteristics, but the revised Baux score was found between the 9
patients requiring CRRT before the colistin course and the 10 patients after. Similarly, among the 64 patients not undergoing CRRT, no
difference was found between the patients treated with the cumulative dose of colistin <99.0 × 106 IU (n = 33, median daily dose of 4.0
× 106 IU) and >99.0 × 106 IU (n = 31, median daily dose of 9.0 × 106 IU) about the baseline characteristics and the daily median
plasma creatinine over 24 days of therapy.
Conclusion: Colistin therapy was associated with more severe burns, mortality, and CRRT requirement. A short course therapy, at
appropriate cumulative dosage, can lead to clinical success without a significant association with severe renal impairment.
Keywords: colistin, burns, acute kidney injury, MDRGN infection, CRRT, clinical outcome

Plain Language Summary
Colistin is still a therapeutic cornerstone against multidrug-resistant gram-negative bacteria (MDRGN), and we reviewed our
experience in 133 severe burn patients evaluating the relationship between colistin therapy, survival, and renal function.
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Out of them, 50 did not survive. Non-survivors were significantly older and had a higher severity of burns and acute kidney injury
rate than the 83 survivor patients.

To investigate the renal function, we focused on the 83 survivor patients as the completion of the therapeutic course of colistin
represented the basic requirement to analyze its impact on the kidney. Out of these, 19 underwent renal replacement therapy. No
difference in colistin dose and baseline characteristics, except revised Baux score, was found between the 9 patients who started CRRT
before and the 10 patients after the colistin course. Similarly, for the 64 remaining patients, we found no difference between the
patients treated with the cumulative dose of colistin <99.0 × 106 IU (n = 33, median daily dose of 4.0 × 106 U) and >99.0 × 106 U (n =
31, median daily dose of 9.0 × 106 IU) about the baseline characteristics. Similarly, no significant difference in the daily median
plasma creatinine over 24 days of therapy was present between the two groups.

Colistin therapy was associated with more severe burns, mortality, and CRRT requirement. A short course therapy, at appropriate
cumulative dosage, can lead to clinical success without a significant association with severe renal impairment.

Introduction
Multidrug-resistant gram-negative (MDRGN) bacteria are recognized as important threats in intensive care units and
burn centers.1–3 Impaired host defense, loss of protective skin and mucosal barrier, and depressed immune system
response make burn patients particularly exposed.2–4 Infections sustained by MDRGN bacteria in burn patients remain
a challenge with high morbidity, mortality, and a longer hospital stay.4–7

Polymyxins B and E, known as colistin, are still a therapeutic cornerstone against multidrug-resistant gram-negative
bacteria.8,9 In burn patients, colistin treatment continues to assume a key role as salvage therapy, mostly when other
antibiotics do not gain an adequate activity on these strains and even if the availability of possible alternative drugs
(aminoglycosides, fosfomycin, minocycline and more recently developed molecules) has improved the possibility to
survive septic challenges.

Data regarding colistin optimal dosing strategies,10–12 potential adverse effects on renal function12,13 and factors
influencing survival in burn patients with MDRGN bacteria sepsis remain undefined. Besides, controversies still exist
concerning the duration of colistin therapy as well as its role in AKI development.12–14 In 2019 American College of
Clinical Pharmacy (ACCP), European Society of Clinical Microbiology and Infectious Diseases (ESCMID), Infectious
Diseases Society of America (IDSA), International Society for Anti-infective Pharmacology (ISAP), Society of Critical
Care Medicine (SCCM), and Society of Infectious Diseases Pharmacists (SIDP) reported the first consensus therapeutic
guidelines for optimal use of polymyxin (Colistin and Polymyxin B) in adult patients, focusing their attention on
pharmacokinetic and pharmacodynamic properties, pharmacokinetic targets, dosing, dosage adjustment, monitoring, use
of polymyxin-based combination therapy, intrathecal therapy, inhalation therapy, toxicity, and prevention of renal
failure.15

As recently stated, the most important risk factor for polymyxin-associated severe AKI is the magnitude of polymyxin
exposure, in terms of higher colistin doses (colistin dose ~150,000 IU/kg/day), a cumulative dose, and the association of
other potentially nephrotoxic agents.15 A short-course therapeutic approach can reduce ecological pressure and diminish
the side effects, including nephrotoxicity.16–18 Therefore, it has been suggested to shorten the duration of antibiotic
therapy, from the traditional 14–21 days to a short course differently defined from 7 to 14 days.16,17

In the present study, we report our experience on colistin use in 133 patients treated at Burn Center of Torino (Italy)
from 2008 to 2017. We aimed to determine the predictors of in-hospital mortality and the impact of colistin on the
requirement of renal replacement therapy (CRRT). As the completion of the therapeutic course represented the basic
requirement to analyze the potential nephrotoxicity of colistin treatment, we focused on the survivor patients to
investigate the relationship between colistin therapy and renal function.

Materials and Methods
Study Design
We retrospectively collected data for the 133 burn patients admitted to our Burn Intensive Care Unit with MDRGN
infection with the only residual sensibility to colistin, and consecutively treated with colistin between January 1, 2008
and December 31, 2017.
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As a control group, we also retrospectively collected data for the 35 burn patients admitted to our Burn Intensive Care
Unit with MDRGN infection and consecutively treated with other antibiotics but colistin between January 1, 2015 and
December 31, 2017. The other antibiotics included tigecycline, ceftazidime/avibactam, ceftobiprole, or ceftolozane/
tazobactam. The period from 2015 to 2017 was chosen on the basis of the availability of these antibiotics specifically
active against MDRGN on the Italian market starting from 2015.

We found significantly increased indexes of burn severity, mortality and CRRT requirement in Colistin treated group
in comparison with the other antibiotics-treated group. As acute renal impairment is associated with increased mortality,
therefore colistin may be a major mortality contributor by its potential nephrotoxic effect. Because many patients on
colistin have died, colistin could not be captured as a major AKI contributor.

Therefore, for further analysis, we decided to consider only the 83 colistin-treated survivor patients as the completion
of the therapeutic course represented the basic requirement to analyze the potential nephrotoxicity of colistin treatment.

For renal dysfunction, we considered the most severe stage of AKI in terms of CRRT requirement when metabolic
and fluid demands exceed the kidney capacity to meet them, and in the remaining patients we determined the daily
plasma creatinine level.19

Figure 1 shows the flowchart of the study.

Patients Population
All included patients were adults (defined as older than 14 years or with a body mass >50 kg). According to an indication
of the manufacturer (Laboratori UCB S.p.A., Pianezza (TO), Italy) revised on May 30, 1995, and published on G.U. 36/
95, before 2014 in patients on CRRT the administered colistin dose was 3.0–4.5 × 106 IU/day. Then, after 2014,
according to the published available data, colistin was administered intravenously with a loading dose of 9.0 × 106 IU
and at a maintenance dose of 4.5 × 106 IU twice a day.15,20–24

All patients were treated according to EUCAST’s recommendation. Breakpoints for colistin for Pseudomonas
aeruginosa, Acinetobacter baumannii and Enterobacteriaceae were a susceptible breakpoint of 2 mg/L or lower and
a resistant breakpoint greater than 2 mg/L.25

The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics
Committee of the City of Health and Science of Torino (dossier no. CS2/908 on August 6, 2018).

The consent to retrospectively review the medical notes and analyze the collected data was obtained from the patient
or substitute decision-maker following local ethics committee regulations.

Figure 1 Flow-chart of patients treated for MDRGN infection. aCeftazidime/avibactam, ceftobiprole, or ceftolozane/tazobactam/tigecycline/others.
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Data Collection
The following information was collected utilizing the institutional electronic medical record system: age, sex, height and
weight, total body surface area (TBSA), third-degree burn areas, cause of burn, inhalation injury, mechanical ventilation,
Revised Baux score, Charlson comorbidity score, length of stay, mortality, need of continuous renal replacement therapy
(CRRT), colistin dose and duration of treatment.

Laboratory data included daily serum creatinine levels for 24 days after starting colistin therapy.
Mortality was calculated as in-hospital mortality, and all non-survivor patients died in the Intensive Care Unit or Burn

Center ward.
For renal function, we considered only the requirement of CRRT in surviving patients. This choice was due to the

difficult judgment on the cause of renal impairment, related to the septic process, colistin toxicity, and/or per se fatal
outcome.

Statistical Analysis
Continuous data are expressed as median with interquartile range (IQR, Q1 to Q3), and categorical data as frequencies
and percentages. The normal distribution of samples was tested with the Kolmogorov–Smirnov test.

Comparison between colistin-treated and other antibiotics-treated groups, and for colistin-treated patients between
groups’ survivors and non-survivors was performed using independent t-test or Mann–Whitney U-test for continuous
variables according to data distribution (age, total body surface area (TBSA), third-degree burn areas, Revised Baux
score, Charlson comorbidity score, length of stay, colistin dose and duration of treatment) and Fisher's exact test for
categorical variables (sex, mechanical ventilation, need of CRRT, mortality).

Multivariate analysis with logistic regression was used to determine the effect of the considered predictors on in-
hospital mortality. Firstly, univariate analysis was performed to evaluate the predictive effect of each factor. Next, factors
with a p-value <0.05 from the univariate test were included in full multiple logistic models.

Statistical computing and graphics were performed by Statistica v.10.1 (StatSoft, Tulsa, OK, USA).

Results
Demographic Characteristics of Burn Patients Treated for MDRGN Infection
Table 1 shows the demographic characteristics of patients with MDRGN infection treated with colistin (n = 133) and
with other antibiotics (n = 35). The median age of 133 patients was 58 years with a TBSA of 35% (range, 20–45), third-
degree areas of 20% (range, 10–30), and most patients were male (66%).

Table 1 Baseline Characteristics of 168 Burn Patients with MDRGN Infection According to Treatment with Colistin or Other
Antibiotics

All With Colistin With Other Antibiotics pb

Patients (n, %) 168 133 35 —–
Gender ratio (male/female) 110/58 88/45 22/13 0.407

Mortality (%, n) 32.1, 54 37.6, 50 11.4, 4 0.002

Age (years) 59 (43–75) 58 (42–74) 65.0 (48–78) 0.279
% Total body surface area 30 (20–40) 35 (20–45) 15 (10–25) 0.001

% Third-degree TBSA 15 (10–25) 20 (10–30) 10 (5–15) 0.001

Revised Baux score 93 (78–105) 94 (81–106) 84 (67–98) 0.005
Expected mortality (Baux index) 0.26 (0.08–0.54) 0.32 (0.12–0.58) 0.10 (0.03–0.27) 0.002

Mechanical ventilation (%, n) 72.6, 122 76.7, 102 57.1, 20 0.021

Charlson comorbidity scorea 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.359
Creatininec (at start of colistin) 0.69(0.56–0.90) 0.70 (0.54–0.94) 0.66 (0.58–0.82) 0.792

CRRT treated patients (%, yes/no) 33.3%, 56/112 39.8%, 53/80 8.6%, 3/32 0.001

Notes: Data are given as median (the 25th and 75th percentiles) or as a percentage when appropriate. aAt admission, Charlson comorbidity score is done by the sum of the
17 comorbidities. bStudent’s t-test, Mann–Whitney U-test or Fisher’s exact test was done when appropriate. cCreatinine value was calculated only for patients not on CRRT
(all, n = 132; with colistin, n = 80; with other antibiotics, n = 32).
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The indexes of burn severity (TBSA%), third-degree area, revised Baux score, Baux index, as well as mechanical
ventilation, CRRT requirement and mortality, were significantly higher in colistin treated patients than in other
antibiotics-treated patients (Table 1).

For burn etiologies, in the colistin-treated group, 119 (89.4%) cases were due to flame, 7 (5.3%) to electrocution and 7
(5.3%) to scald. In the other antibiotics-treated group, 33 (94.3%) cases were due to flame and 2 (5.7%) to scald.

As shown in Table 2, in patients of the colistin group (76%), skin was the most common site of infection, followed by
lung and blood for both groups.

Pathogens responsible for infection in the colistin group were Acinetobacter baumannii (76%), followed by
Pseudomonas aeruginosa (18%), and Klebsiella pneumoniae (6%). Besides the above bacteria, in the other antibiotics-
treated group, the involved microorganisms also included Escherichia coli, Stenotrophomonas, and Proteus (Table 2).

On the other hand, considering only the patients not undergoing CRRT, in non-survivors, TBSA% and third-degree
areas were superimposable between the subgroups colistin- and other antibiotics-treated patients (Table 3, first two left
columns), whereas in survivors, these indexes were significantly higher (as well as expected mortality) in the subgroup
treated with colistin than in the subgroup treated with other antibiotics (Table 3, last two right columns).

Table 2 Microorganism Isolates and Infection Sources of 83 Survivors of Colistin Group and 31 Survivors
of Other Antibiotics Group

Colistin Group Other Antibiotics Groupa

Isolated microorganisms (n)b 84 31

Acinetobacter baumanii (65%) 64 (76%) 11 (35%)
Pseudomonas aeruginosa (21%) 15 (18%) 9 (29%)

Klebsiella pneumoniae (6%) 5 (6%) 2 (7%)

Proteus mirabilis (1%) 0 (0%) 1 (3%)
Escherichia coli (6%) 0 (0%) 7 (23%)

Stenotrophomonas maltophilia (1%) 0 (0%) 1 (3%)

Infection source (n)b 90 33
Hemoculture (23%) 21 (23%) 8 (24%)

Endovasal catheter (11%) 11 (12%) 2 (6%)

Skin (36%) 31 (34%) 13 (40%)
Lung (22%) 22 (25%) 5 (15%)

Other (8%) 5 (6%) 5 (15%)

Notes: Data are given as cases number and percentage. aOnly the first infection episode due to MDRGN was considered. bPatients (n)
treated with the specific isolated strain, or with indicated infection source.

Table 3 Baseline Characteristics and Renal Function of Colistin- (n = 80) and Other Antibiotics (n = 32)-Treated Patients Not
Undergoing CRRT

Non-Survivors Survivors

Colistin Other Antibiotics pa Colistin Other Antibiotics pa

Patients (n, %) 16 2 —— 64 30 ——

Age (years) 77 (55–81) 88 (83–93) 0.133 54 (37–68) 61 (48–77) 0.063
% TBSA 27 (22–47) 11 (7–15) 0.118 30 (20–40) 15 (10–25) 0.001

% Third-degree TBSA 20 (15–35) 5 (2–8) 0.086 15 (10–27) 10 (5–12) 0.002

Revised Baux score 104(97–110) 99 (98–100) 0.597 88 (67–100) 78 (66–91) 0.062
Expected mortality (Baux) 0.41(0.29–0.67) 0.39(0.26–0.52) 0.702 0.17(0.04–0.45) 0.08(0.03–0.17) 0.009

Creatinine (mg/dl, at start) 1.03(0.64–1.24) 1.11(0.59–1.62) 0.956 0.69(0.53–0.82) 0.65(0.57–0.81) 0.916

Notes: Data are given as median (the 25th and 75th percentiles) or as a percentage when appropriate. aStudent’s t-test or Mann–Whitney U-test was done when
appropriate.
Abbreviation: TBSA, total body surface area.
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Demographic Characteristics of Burn Survivor Patients of the Colistin Group
Of the 133 patients with MDRGN infection treated with colistin, 83 patients survived and 50 patients died. Table 4
compares the demographic characteristics of survivors and non-survivors. Non-survivors were significantly older, they
had a higher percentage of third-degree burn areas, an higher expected mortality (revised Baux score) and Charlson
comorbidity score, and a more frequent need for CRRT.

Moreover, non-survivors presented a lower colistin dose, and shorter therapy duration (Table 4). These last data
reflected the period before 2014 when available pharmacokinetic data indicated lower colistin dose for CRRT patients
(dose 1.5 × 106 IU BID) than actual,15–25 and that in the deceased patients, the colistin course was not completed. By
logistic regression analysis, age, percentage of the third-degree burn area, shorter course of colistin, and CRRT
requirement were significantly correlated with mortality (Table 5).

Renal Function in Survivor Patients According to the Dose of Colistin and Timing of
Therapy
In the 83 survivor patients treated with colistin, renal function was stable in 64, whereas 19 required CRRT (Figure 1). In
the 64 patients with stable renal function, the median daily dose of colistin was 9.0 × 106 IU, and the median cumulative
dose was 99.0 × 106 IU. According to the cumulative dose of colistin of 99.0 × 106 IU, we compared the patients’ group
treated with <99.0 × 106 IU (group low dose, n = 33, median daily dose of 4.0 × 106 IU) with that >99.0 × 106 IU (group

Table 4 Analysis of Baseline Characteristics of 133 Burn Patients Treated with Colistin According to Survival

Group Survivors Group Non-Survivors pb

Patients (n, %) 83 50 —–

Gender ratio (male/female) 58/25 30/20 0.164

Age (years) 53 (39–68) 71.0 (53–80) 0.001
% Total body surface area 30 (20–45) 35 (20–50) 0.443

% Third-degree TBSA 15 (10–30) 20 (15–40) 0.010

Revised Baux score 90 (70–101) 102 (92–110) 0.001
Expected mortality (Baux index) 0.24 (0.06–0.47) 0.45 (0.27–0.73) 0.001

Mechanical ventilation (%, n) 73.5, 61 82.0, 41 0.181

Charlson comorbidity scorea 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.035
Colistin median dose (106 Units/day) 9.0 (4.0–9.0) 4.0 (3.0–9.0) 0.002

Colistin therapy length (days) 20 (14–27) 13 (7–22) 0.006

Creatinine (mg/dl, at start of colistin) 0.70 (0.54–0.90) 1.04 (0.70–1.47) 0.061
CRRT treated patients (%, n) 22.9, 19 68.0, 34 0.001

Notes: Data are given as median (the 25th and 75th percentiles) or as a percentage when appropriate. aAt admission, Charlson comorbidity score is done by
the sum of the 17 comorbidities. bStudent’s t-test, Mann–Whitney U-test or Fisher’s exact test was done when appropriate.

Table 5 Analysis of Risk Factors for Mortality as Identified Using Multivariate Logistic Regression Test (N = 133 Patients Treated with
Colistin)

Univariate Analysis Logistic Regression Analysis

Odds Ratio 95% CI P-value Odds Ratio 95% CI P-value

Age (years) 1.0409 1.0187–1.0637 0.0002 1.0813 1.0019–1.1477 0.0087

% Third-degree TBSA 1.0282 1.0052–1.0516 0.0146 1.0835 1.0193–1.1518 0.0093

Expected mortality (Baux) 1.0453 1.0021–1.0691 0.0005 0.9829 0.9306–1.0383 0.5352
Colistin median dose (106 IU/day) 0.8169 0.7147–0.9338 0.0027 0.8752 0.7335–1.0442 0.1349

Colistin length (days) 0.9513 0.9163–0.9875 0.0083 0.9317 0.8859–0.9798 0.0054

Charlson comorbidity score 1.4955 0.9705–2.3048 0.0656 1.6027 0.8891–2.8891 0.1131
CRRT-treated patients 1.9841 1.5919–2.3763 0.0001 2.6956 1.9750–3.4163 0.0001
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high dose, n = 31, median daily dose of 9.0 × 106 IU). We found no difference between the two groups in baseline
characteristics (Table 6), as well as in the outcome of the renal function expressed in median daily creatinine levels up to
24 days of colistin therapy (Figure 2).

In the remaining 19 patients requiring CRRT, 10 started CRRT after colistin therapy and 9 patients before. According
to the timing of colistin therapy, no difference was found between the two groups for the length of therapy, cumulative
dose and median dose of colistin, and baseline characteristics, but revised Baux score (Table 7).

Discussion
In the present cohort study of 133 severe burn patients treated with colistin, the predictors of mortality were as usual as
those well known for the burn population. As colistin therapy may represent a further risk factor of acute kidney injury
(AKI), its appropriate dosage requires careful analysis.

MDRGN bacteria infection is known to promote the epidemic spread and nosocomial transmission. Outbreaks caused
by these microorganisms are difficult to control and treat, especially in burn centers, due to the physiological and clinical
characteristics of patients.

The impact on mortality and morbidity of Acinetobacter baumannii and other MDRGN bacteria has been debated. Burn
is a complex pathology, where several clinical aspects and severity of patient illness may influence mortality. Although
studies provided evidence that MDRGN bacteria infection increase mortality,4,26,27 other investigations support the

Table 6 Baseline Characteristics of 64 Burn Survivor Patients Treated with Colistin Not Undergoing CRRT According to the Median
Cumulative Dose of Colistin of 99.0 × 106 U

All Lower (<99 × 106IU) Higher (>99 × 106IU) pb

Patients (n) 64 33 31 —

Gender ratio (male/female) 43/21 22/11 21/10 0.569

Cumulative dose of colistin (106 U) 99 (72–198) — — —
Colistin median dose (106 U/day) 9.0 (4.0–9.0) 4.0 (3.0–9.0) 9.0 (9.0–9.0) 0.001

Colistin therapy length (days) 20 (14–24) 14 (10–18) 22 (20–28) 0.001

Age (years) 54 (37.5–68) 47 (33–68) 55.0 (40–68) 0.465
% Total body surface area 30 (20–40) 25 (20–40) 35 (25–45) 0.234

% Third-degree TBSA 15 (10–27.5) 10 (5–20) 20 (10–30) 0.156
Revised Baux score 88 (67–100) 81 (66–98) 93 (80–103) 0.642

Expected mortality (Baux index) 0.18 (0.04–0.46) 0.15 (0.02–0.45) 0.21 (0.07–0.49) 0.129

Mechanical ventilation (%, yes) 67.2%, 43 69.7%, 23 64.5%, 20 0.430
Charlson comorbidity scorea 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.075

Creatinine (mg/dl, at start of colistin) 0.68 (0.53–0.81) 0.68 (0.54–0.80) 0.69 (0.53–0.90) 0.722

Notes: Data are given as median (the 25th and 75th percentiles) or as a percentage when appropriate. aAt admission, Charlson comorbidity score is done by the sum of the
17 comorbidities. bStudent’s t-test, Mann–Whitney U-test or Fisher’s exact test was done when appropriate.

Figure 2 Outcome of creatinine in 64 survivors not requiring CRRT. Creatinine levels were compared up to 24 days of therapy between patients treated with the
cumulative dose of colistin <99.0 × 106 IU (n = 33 patients) and >99.0 × 106 IU (n = 31 patients). p > 0.05 for all points.
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possibility that the clinical course of critically ill patients may be influenced by other variables and that subsequently, the
acquisition of infection with MDRGN bacteria may not independently lead to poorer short- and long-term outcome.7,28–30

Our data showed that in colistin-treated patients the overall mortality rate of 37.6% (50/133 patients) was related to older age,
a higher percentage of third-degree burn areas, and severity of AKI, all well-known risk factors for death in the general burn
population.31,32 In the same way, by comparing colistin- and other antibiotic-treated groups, we found that a higher mortality
rate and the severity of the burn were more frequently associated with MDRGN strains such as Acinetobacter baumannii,
Pseudomonas aeruginosa and Klebsiella pneumoniae maintaining colistin as a unique sensitivity to antibiotics. In effect, the
patients of the control group presented different types of MDRGN strains, and they were also treated with the new antibiotics
specifically active against MDRGN when appropriate. However, most importantly, they were significantly less severely
burned, and subsequently with a lower rate of mortality (see Tables 2 and 3).

Nephrotoxicity is the most common adverse effect associated with colistin use and is related to duration and
dosage.16,33,34 In burn patients, it is not easy to discriminate how much kidney damage (and subsequent CRRT
requirement and increased mortality) was due to the septic process, or colistin adverse effects. Even if we are aware
that this may represent a bias, for all these reasons we focused on survivors as the completion of the therapeutic course of
colistin represented the basic requirement to analyze its potential nephrotoxicity.

It has been recently stated that the amplitude of colistin exposure represents one of the main factors for polymyxin-
associated AKI.16–18,25 The cutoff values varied between the studies, in general, high dose corresponded to intravenous
colistin daily dose ≥9.0 × 106 IU for more than 10 days.25 For the 64 surviving patients who did not undergo CRRT, the
median cumulative dose of 99.0 × 106 IU was administered. As shown in Table 6 and Figure 2, by comparing the group
higher dose (>99.0 × 106 IU) and lower dose (<99.0 × 106 IU), no differences were found in baseline characteristics and
the follow-up of creatinine up to the 24th day of therapy. Concerning the 19 patients who survived and required CRRT,
we compared the group of patients who started CRRT after colistin therapy (10 patients) with that including the subjects
who started CRRT before (n = 9 patients) (see Table 7). Similar to that seen in the 64 patients with stable renal function,
no significant difference was found in terms of length of therapy, cumulative dose and a median daily dose of colistin,
and baseline characteristics, but revised Baux score, which describes the severity of illness.35

According to previous reports,29–33,35 all these findings suggest that renal impairment in burn patients was associated with
the severity of the burn and with the impact of infection sustained by MDRGN strains with the only residual sensibility to
colistin. In addition, in our series of patients we did not find any significant association between colistin dose and renal
impairment. Furthermore, according to previous reports,36–42 our data suggest that a cumulative dose of 100 × 106 IU, at
a daily effective dose of 9.0 × 106 IU should not expose the patients to a significantly increased risk of colistin nephrotoxicity.

Table 7 Baseline Characteristics of 19 Burn Survivor Patients Who Underwent CRRT According to the Timing of Colistin Therapy

All Before Colistin After Colistin pb

Patients (n, %) 19 9 10 —–
Gender ratio (male/female) 15/4 8/1 7/3 0.332

Age (years) 51 (40–69) 46 (39–60) 53 (45–75) 0.226

% Total body surface area 35 (25–55) 35 (25–40) 42.5 (20–55) 0.422
% Third-degree TBSA 20 (10–30) 20 (20–30) 17.5 (8–30) 0.682

Revised Baux score 94 (81–105) 81 (69–94) 98 (92–105) 0.040

Expected mortality (Baux index) 0.32 (0.16–0.67) 0.16 (0.03–0.43) 0.41 (0.27–0.66) 0.151
Mechanical ventilation (%, n) 94.7, 18 88.9, 8 100, 10 0.470

Charlson comorbidity scorea 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.305
Colistin median dose (106 Units/day) 9.0 (6.0–9.0) 9.0 (5.0–9.0) 9.0 (9.0–9.0) 0.340

Colistin therapy length (days) 23 (19–31) 26 (19–31) 23 (19–31) 0.691

Cumulative dose of colistin (106 U) 171 (129–234) 150 (132–176) 189 (99–279) 0.423
Colistin therapy length before CRRT (days) —– —— 10 (5–17) —–

Notes: Data are given as median (the 25th and 75th percentiles) or as a percentage when appropriate. aAt admission, Charlson comorbidity score is done by the sum of the
17 comorbidities. bStudent’s t-test, Mann–Whitney U-test or Fisher’s exact test was done when appropriate.
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Our study suffers from some limitations. Firstly, it is a single-center, and it is a retrospective study subjected to all
limitations for possible bias related to the selection of patients, Secondly, we are aware that the different periods’ length
analyzed for colistin- and other antibiotics-treated patients would be another potential bias. Thirdly, AKI may be
sustained by multifactorial causes besides colistin nephrotoxicity, such as low hematocrit, low serum albumin, and
fluid overload.14,19,27,39,43 And fourthly, over the long stay in Burn Center, other confounding factors including
concurrent pharmacological treatments and infections could play a role.

Notwithstanding these limitations, our study presents points of strength. Firstly, our study includes a relatively large
population well characterized by several clinical and biological parameters. Secondly, a standardized dosing protocol for
intravenous colistin was applied to all patients according to renal dysfunction, or renal replacement therapy and with the
dosing protocol updated in time according to the data available.4,15,20–25

Conclusions
MDRGN infection represents a severe complication of the burn course, requiring a prompt diagnosis and an appropriate
therapeutic approach. Colistin is still a life-saving drug, more frequently associated with more severe burns, higher
mortality, and renal injury. A short course therapy at appropriate cumulative dosage can lead to clinical success without
any significant association with severe renal impairment.

Abbreviations
AKI, acute kidney injury; CMS, colistimethate sodium; CRRT, continuous renal replacement Therapy; MDRGN bacteria,
multidrug-resistant Gram-negative bacteria; TBSA, total body surface area.
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