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Clinical efficacy and nephrotoxicity of intravenous colistin sulfate
in the treatment of carbapenem-resistant gram-negative bacterial
infections: a retrospective cohort study
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Background: Carbapenem-resistant gram-negative bacteria (CR-GNB) are becoming increasingly
important bacterial pathogens in critically ill patients. Several clinicians use Intravenous colistin sulfate
to treat infections due to CR-GNB, although the clinical data is limited. The aim of our retrospective
observational study was to evaluate the effectiveness and nephrotoxicity of intravenous colistin sulfate in the
treatment of CR-GNB infections.

Methods: Fifty critically ill intensive care patients with infections due to CR-GNB were retrospectively
enrolled between January 2020 and December 2021 in the Zhejiang Provincial People’s Hospital. Favorable
clinical response rate, bacterial clearance rate, nephrotoxicity, and 28-day mortality were evaluated.
Results: The overall favorable clinical response rate was 58%, the bacterial clearance rate was 40%, and the
28-day all-cause mortality was 44%. Temperature, neutrophil count, C-reaction protein (CRP), procalcitonin
(PCT), creatinine (Cr), and lactate levels were also significantly decreased (P<0.05). The major adverse
reaction is nephrotoxicity, and renal function was evaluated on the day before and after treatment with
colistin sulfate. Possible nephrotoxicity was observed in three patients (6%). Backward logistic regression was
conducted to determine risk factors for the nephrotoxicity of colistin sulfate, the result showed there were no
significant differences in the duration and dose of colistin sulfate.

Conclusions: Our results provide evidence for the positive clinical efficacy and safety of colistin sulfate.
Appropriate use of colistin sulfate may be viable and safe in the treatment of severe infections caused by CR-
GNB.
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Introduction emphasise the early administration of broad spectrum

antibiotics (1). However, in recent years, the problem of
Sepsis is potentially a life-threatening condition, and it is carbapenem-resistant organisms has become increasingly
characterized by bacterial infection and resultant organ prevalent, which can delay targeted treatment and increase

dysfunction. The surviving sepsis campaign bundles mortality (2). The resistance rate of carbapenem-resistant
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gram-negative bacteria (CR-GNB) is increasing over
time. According to data from the Chain Antimicrobial
Resistance Surveillance System (CARSS), the resistance
rate of carbapenem-resistant Klebsiella pneumoniae (CR-
KP) increased from 4.9% to 10.9% from 2013 to 2020.
The resistance rates of carbapenem-resistant Acinetobacter
baumannii and Enterobacteriaceae were 53.7% and 18.3%,
respectively, in 2020 (3).

Polymyxins have been revived as a last-line treatment
for infections caused by multidrug-resistant (MDR),
extensively drug-resistant (XDR), and pandrug-resistant
(PDR) bacteria (4,5). Polymyxins are a class of antibiotic
drugs targeting gram-negative bacterial infections, which
are used to treat systemic infections caused by susceptible
strains of multidrug-resistant organisms such as Pseudomonas
aeruginosa, Acinetobacter baumannii, and Enterobacteriaceae.
Polymyxins act on the outer membrane of gram-negative
bacteria by disrupting the stabilization of phospholipids
and lipopolysaccharides. Polymyxins can also neutralize the
endotoxic effects of pathogens, thus reducing their effect on
circulation (6-8).

Polymyxin B (PMB) and polymyxin E (colistin)
are the two drugs most commonly used in clinical
practice in this class of antibiotics (9,10). Two forms of
colistin are commercially available: colistin sulfate and
colistimethate sodium (CMS), also called sodium colistin
methanesulfonate.

PMB has direct action, is less dependent on renal
function, and is widely used in clinical treatment.
Nephrotoxicity is the most commonly reported adverse
event for intravenous polymyxins, with an incidence as high
as 10-60%. CMS has higher nephrotoxicity than PMB and
may induce acute kidney injury at a rate of up to 53%.

However, while PMB has lower nephrotoxicity than
CMS (11,12), several studies have reported that PMB
induces skin hyperpigmentation (13-15). There are no
published reports of this side-effect with CMS. Because of
these adverse effects, the clinical uses for PMB and CMS
have been limited (16).

In most countries, CMS is the only form of polymyxin
E. Colistin sulfate, another form of polymyxin E, has
been widely used in China. In 2018, the colistin sulfate
was approved by the Chinese National Medical Products
Administration (NMPA) for clinical use. Thus, the clinical
efficacy and side effects have not been reported and the
clinical data are limited. Several studies showed that the
efficacy of colistin sulfate was similar to the efficacy of
PMB. And no patient developed colistin sulfate-related
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nephrotoxicity (17-19). But the clinical data on colistin
sulfate are still limited. There is lack of data on efficacy,
adverse events especially the nephrotoxicity for colistin
sulfate in the treatment of CR-GNB infections. Thus, we
conducted this retrospective study to assess the efficacy and
safety of colistin sulfate in CR-GINB infections in Chinese.
We present the following article in accordance with the
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-4959/rc).

Methods
Study design and patient selection

This retrospective cohort study was conducted at Zhejiang
Provincial People’s Hospital, China, during January 1,
2020 to December 31, 2021. Patients were included who
had a positive culture of CR-GNB or a highly suspected
CR-GNB infection and hospitalized in the intensive care
unit (ICU), and all patients received intravenous colistin
sulfate more than 48 h. The CR-GNB included Klebsiella
prewmoniae, Acinetobacter baumannii, Pseudomonas aeruginosa,
Escherichia coli, Stenotrophomonas maltophilia, and Enterobacter
cloacae. Patients were excluded if they were <18 years old or
died within 48h after being treated with intravenous colistin
sulfate. This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the Ethics Committee of Zhejiang Provincial
People’s Hospital (No. QT2022190). And individual

consent for this retrospective analysis was waived.

Definition and data collection

All microorganisms were isolated by conventional methods.
Bacterial identification and drug sensitivity tests were
performed using a Vitek® 2 automated system (Biomerieux,
France).

All patients in this study received intravenous colistin
sulfate (Colistin Sulfate for Injection; Shanghai SPH New
Asia Pharmaceutical Co. Ltd., Shanghai, China) for more
than 48h at a dose of 1.0-1.5 million IU per day.

The following variables were recorded: the clinical
characteristics of each patient, including gender, age, body
mass index, admitting diagnosis, admission and discharge
date, the date of admission and discharge from ICU, and
the need for mechanical ventilation and continuous renal
replacement therapy (CRRT). The following clinical and
laboratory parameters were compared before and after
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therapy: temperature, white blood cell (WBC) count,
C-reactive protein (CRP), procalcitonin (PCT), platelet
count (PLT), Acute Physiology and Chronic Health
Evaluation II (APACHE II) score, and the Sequential Organ
Failure Assessment (SOFA) score.

The major adverse event was nephrotoxicity. Renal
function was evaluated on the day before and after treatment
with colistin sulfate. Increased creatinine (Cr) was calculated
by subtracting the creatinine level before the commencement
of colistin sulfate treatment from the creatinine level after
treatment. The presence of nephrotoxicity was determined
according to the Kidney Disease: Improving Global
Outcomes (KDIGO) criteria (20).

A favorable clinical response was defined as recovery from
symptoms and signs at the conclusion of colistin sulfate
treatment. An unfavorable clinical response was defined as
deterioration or persistence of symptoms and signs during
treatment. During the treatment, microbiological cultures
were repeatedly evaluated. Bacterial eradication was defined
as a quantity reduction or clearance of causative pathogens
according to the microbiological culture results.

The primary outcome of this research was defined as 28-day
mortality after ICU admission. The secondary outcomes
were the occurrence of adverse events during colistin sulfate
therapy, including nephrotoxicity as the primary adverse
event and identified using the KDIGO criteria.

Statistical analysis

SPSS25.0 software was used for statistical analyses. Data
are presented as n (%), mean = SD or median (interquartile
range). The Student’s t-test was conducted for continuous
variables between groups. The y’ or Fisher’s exact test was
performed for categorical variables. Logistic regression
models were built after univariate analysis. Variables
that were significantly associated with outcome and
nephrotoxicity in the univariate analyses were entered in the
multivariate backward logistic regression models. Kaplan-
Meier curves were conducted to demonstrate the survival
probability and were compared using the log-rank test
between groups. A two-tailed P value <0.05 was considered
statistically significant.

Results
Clinical characteristics

"The clinical characteristics of patients are summarized in Zazble 1.
The study screened 62 patients who fulfilled the
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inclusion criteria. Twelve patients were excluded as they
were <18 years or died within 48 h after being treated
with intravenous colistin sulfate (Figure I). A total of 50
patients were enrolled who were admitted between January
2020 and December 2021. All 50 patients with CR-GNB
infections received empirical antimicrobial therapy in ICU
before colistin sulfate therapy, and a 28-day follow-up was
required for every patient included in the study.

The mean age of all patients was 70 years (range,
56.8-86.5 years), and there were 40 (80%) male patients.
The average APACHE II score was 24.3+5.3, and the
average SOFA score was 10.9+4.3. The rate of mechanical
ventilation was 84% (42 patients).

Twenty-nine (58%) and 20 (40%) patients had favorable
clinical responses and confirmed bacterial eradication,
respectively.

Twenty-two patients died within 28 days. The 28-day
all-cause mortality was 44%. About 56% of deaths occurred
within 28 days of colistin sulfate treatment, as shown in the
Kaplan-Meier survival curve (Figure 2).

Pathogens

There were 14 patients with possible polymicrobial
infections. Fifteen patients presented with multiple sites
of infection. Seventy pathogens were isolated in total.
There were 23 (32.9%) carbapenem-resistant Acinetobacter
baumannii (CR-AD), 20 (28.6%) carbapenem-resistant
Klebsiella pneumoniae (CR-Kp), 12 (17.1%) carbapenem-
resistant Pseudominas aeruginosa (CR-Pa), three (4.3%)
fungus, and nine (12.9%) other pathogens. Fifty patients
received between 2 to 5 antibiotics per day. The most
common combined anti-infective therapy was colistin
sulfate with carbapenem (40%). Five patients received
concomitant tigecycline treatment (10%).

Colistin sulfate administration

In total, 50 patients were administered colistin sulfate at
1.0-1.5 million IU/day. Three patients received a dose of
1.0 million IU/day, and the other 47 patients received
a dose of 1.5 million IU/day. The cumulative dose was
17.7£7.9 million IU, and the average duration of colistin
sulfate use was 11 days (range, 7-16.3 days).

Analysis of therapy and mortality

The distribution of various characteristics included
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Table 1 Patient characteristics

Characteristics Patients receiving colistin sulfate
Male 40 (80.0)
Weight (kg) 70 (56.8-86.5)
T(C) 38.3+1.0
MV 42 (84.0)
CRRT 14 (28.0)
Septic shock 29 (48.0)
SOFA score 10.9+4.3
APACHE Il score 24.3+5.3
CKD 1.0
Prior hospitalization 12 (5-17.3)

ICU stay (days)

Total length of stay (days)
28-day mortality

Bacteria eradication

Favorable clinical response

30 (19.3-47.3)
37 (25-67.3)
22 (44.0)
20 (40.0)
29 (58.0)

Laboratory parameters (before CS treatment)

WBC (x10°/L)

N (x10%/L)

CRP (mg/L)

PCT (ng/mL)

PLT (x10%L)

TBIL (umol/L)

Cr (umol/L)

Alb (g/L)

Lac (mmol/L)
Bacterial

AB

KP

PA

Fungus

Other

11.56 (7.9-18.0)
9.6 (6.7-16.5)
113.2 (74.1-165.5)
2.21(0.9-6.0)
91 (60.1-188.3)
27.25 (19.4-91.8)
91.4 (66.8-121.8)
31.05 (28.3-34.2)
26 (1.7-3.6)
N=70
23 (32.9)

20 (28.5)

12 (17.1)
3(4.3)

12 (17.0)

Table 1 (continued)
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Table 1 (continued)

Characteristics Patients receiving colistin sulfate
Infection sites N=64
POSI 4(6.3)
Pulmonary infection 43 (67.2)
Intraperitoneal infection 4 (6.3)
Incision infection 2(3.1)
Central venous catheter 1(1.6)
Other 10 (15.6)
Duration of CS treatment days 11 (7-16.3)
Nephrotoxicity
Baseline 22 (44.0)
After treatment 12 (24.0)

Data are shown as mean + SD, median (IQR) or n (%). IQR,
interquartile range; SD, standard deviation; T, temperature; MV,
mechanical ventilation; CRRT, continuous renal replacement
therapy; SOFA, Sequential Organ Failure Assessment; APACHE
Il, Acute Physiology and Chronic Health Evaluation IlI; CKD,
chronic kidney disease; ICU, intensive care unit; CS, colistin
sulfate; WBC, white blood cell; N, neutrophils; CRP, C-reaction
protein; PCT, procalcitonin; PLT, platelet; TBIL, total bilirubin;
Cr, creatinine; Alb, albumin; Lac, lactate; AB, Acinetobacter
baumannii; KP, Klebsiella pneumoniae; PA, Pseudomonas
aeruginosa; POSI, postoperative surgical infection.

demographics, co-morbid conditions, pathogens and
nephrotoxicity were compared between survivors and non-
survivors. However, the duration and cumulative dose of
colistin sulfate in survivors were higher than in the non-
survivor group at 28-day follow-up (P=0.002 and 0.001,
respectively). The nephrotoxicity rate before and after
colistin sulfate therapy was higher in the non-survivor
group than in the survivor group (P=0.013 and 0.015,
respectively). The rate of CRRT was higher in the non-
survivor group (P=0.02) (Table 2). The 28-day mortality was
65% in patients who developed nephrotoxicity after colistin
sulfate treatment compared to 30% in patients without
nephrotoxicity after treatment. The survival of patients is
shown in Figure 3.

Opverall, the clinical condition of patients improved after
colistin sulfate treatment, and temperature, neutrophil
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62 patients diagnosed as having positive
culture of CR-GNB, or highly suspected
infection of CR-GNB, and all patients
received intravenous colistin sulfate

We excluded:
® 4 aged under 18 years
* 8 died within 48h after being
treated with intravenous

\4

colistin sulfate

Y

50 eligible patients

Figure 1 Flow-chart of the patient selection process. CR-GNB,

carbapenem-resistant gram-negative bacteria.
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Figure 2 The Kaplan-Meier survival analysis curve at 28 days

following treatment with colistin sulfate.

count, C-reaction protein (CRP), procalcitonin (PCT), Cr,
and lactate levels were also significantly decreased (P<0.05).

The number of patients with nephrotoxicity significantly
decreased after colistin sulfate treatment, which indicated
that colistin sulfate could possibly improve renal function

(P<0.001) (Table 3).

Risk factors related to the occurrence of acute kidney injury
(AKD)

The characteristics of patients with and without
nephrotoxicity after colistin sulfate treatment were analyzed
(Tible 4).

The duration and the cumulative dose of colistin sulfate
were not significantly different between the two groups
(P=0.427 and P=0.234, respectively), although patients
without nephrotoxicity had reduced baseline Cr levels
[78.6 (range, 61.3-106.8) vs. 109.4 (range, 84.6-189.9),
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P=0.004]. The outcomes analysis showed that patients
with nephrotoxicity had increased all-cause mortality and
an increased prevalence of baseline nephrotoxicity, and a
higher rate of CRRT treatment.

Backward logistic regression showed that a higher baseline
Cr level was independently associated with nephrotoxicity.
Interestingly, there were no significant differences in the
duration and dose of colistin sulfate (7izble 5).

Discussion

In recent years, polymyxins have been reinstated as a last-
line treatment for severe CR-GNB infections. Some studies
have reported on the effectiveness and safety of CMS and
PMB: according to previously documented outcomes, the
clinical cure rate of CMS varies from 41% to 67%, and
the AKI rate varies from 26% to 50% (21,22). The rate of
nephrotoxicity for PMB was found to range from 20% to
60% in previous studies (23-28). But the data for colistin
sulfate has been lacking.

In this study, patients with serious CR-GNB infections
treated with colistin sulfate had a bacterial eradication
rate of 40%, and the all-cause mortality at 28 days was
44%. ICU-related mortality was 50%. These results
were compared with previous studies of serious CR-GNB
infections treated with polymyxins or other antibiotic
drugs. According to these previous studies, the mortality
of patients treated with other antibiotic therapies ranged
from 45% to 63% (29-31). One systematic review showed
that patients with CR-GNB infections who were given
inappropriate antibiotic treatment had higher mortality.
Receiving inappropriate antibiotic therapy is a mortality
risk factor for patients with CR-GNB, and the mortality
rate was reported as 86% in this particular review (32).

Our study found that after colistin sulfate therapy, the
patients’ temperature decreased to normal, and CRRT and
mechanical ventilation rates were significantly decreased.
Furthermore, infection indicators, including neutrophil
count, CRP, and PCT levels, were also significantly
reduced. The Cr level representing renal function declined
as well. The lactate level, indicative of septic shock, also
reduced markedly. Of note, the survivors received a longer
duration of colistin sulfate treatment.

A case report shared the experience of using intravenous
colistin sulfate in one patient with extensive drug-resistant
Acinetobacter baumannii. After therapy, the patient’s
symptoms improved, circulation stabilized, and kidney
function improved (33). Our results also suggested that
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Table 2 Characteristics associated with 28-day mortality among patients who received colistin sulfate

Characteristics Survivors (n=28) Non-survivors (n=22) P-value
Age (years) 66 (47.5-84.3) 79 (65.8-88) 0.78
Male 22 (78.6) 18 (81.8) 1.0
Weight (kg) 60 (565.0-75.0) 59 (54.3-70.0) 0.445
T(°C) 38.4+0.81 37.9+1.1 0.098
SOFA score 10.0+4.3 12.0+4.1 0.119
APACHE Il score 23.2+6 25.6+3.8 0.084
MV 23 (82.1) 19 (86.4) 0.988
CRRT 3(10.7) 11 (50.0) 0.02
Shock 15 (63.6) 14 (63.6) 0.569
Dose 1.5 (1.5-1.5) 1.5 (1.5-1.5) 0.117
ICU stay (days) 42 (21.3-61.3) 24 (16.5-31.5) 0.007
Total length of stay (days) 57 (268-87.8) 31.5(18.8-41.8) 0.007
MV (days) 25.5 (14.3-58.5) 20 (11.5-30) 0.17
Duration of CS use (days) 14.5 (9.3-19.8) 10 (6-11.5) 0.002
Cumulative CS dose (million IU) 20.71+8.36 13.9+5.4 0.001
WBC (10°/L) 11.56 (7.0-17.9) 12.11 (8.4-18.3) 0.792
N (10°/L) 8.75 (5.7-15.6) 12.4 (7.0-22.5) 0.348
CRP (mg/L) 89.6 (64.2-146.5) 131.7 (87.4-200.2) 0.107
PCT (ng/mL) 2.38 (0.8-7.0) 2.21(1.3-6.0) 0.703
PLT (10°/L) 120 (71-198) 76 (36.5-162.5) 0.113
TBIL (umol/L) 32.05 (19.2-89.0) 23.8 (19.4-111.6) 0.113
Cr (umol/L) 82.15 (61.9-129.9) 97.8 (68.6-119.7) 0.406
Alb (g/L) 30.55 (28.5-34) 31.45 (27.9-35.0) 0.907
Lac (mmol/L) 2.6 (1.6-3.53) 2.75 (1.78-4.3) 0.525
Bacteria eradication 18 (64.3) 11 (50.0) 0.31
Baseline nephrotoxicity 8 (28.6) 14 (63.6) 0.013
Nephrotoxicity after therapy 7 (25.0) 13 (59.1) 0.015

Data are shown as mean + SD, median (IQR) or n (%). IQR, interquartile range; SD, standard deviation; T, temperature; SOFA, Sequential
Organ Failure Assessment; APACHE I, Acute Physiology and Chronic Health Evaluation Il; MV, mechanical ventilation; CRRT, continuous
renal replacement therapy; ICU, intensive care unit; CS, colistin sulfate; WBC, white blood cell; N, neutrophils; CRP, C-reaction protein;
PCT, procalcitonin; PLT, platelet; TBIL, total bilirubin; Cr, creatinine; Alb, albumin; Lac, lactate.

colistin sulfate may be a clinically effective treatment for
patients infected with CR-GNB. But larger randomized
controlled trials are needed to validate our findings.

This study retrospectively summarized nephrotoxicity
after colistin sulfate treatment for CR-GNB. The rate of
renal dysfunction present decreased after therapy with
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colistin from 44% to 24%, one could reasonably extrapolate
that therapy with the correct antibiotic (colistin in this
case) led to a resolution of infection and reversed the renal
dysfunction. One reason for this may be that the baseline
condition before colistin sulfate treatment might have been
caused by severe infection and was reversed by antibiotic
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Figure 3 Kaplan-Meier survival curve comparing patients with and
without nephrotoxicity after colistin sulfate treatment (log-rank,
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treatment. The prevalence of nephrotoxicity in our study
was lower than PMB or CMS in other observational studies.
In this group bilirubin levels were unaffected by colistin
therapy and significant hepatic dysfunction was not noted in
association with colistin therapy. Our analysis suggests that
colistin therapy is safe in patients with CR-GNB infections.

Some studies have reported that chronic kidney disease
(CKD) increases the risk of AKI (23,34). As our study
included 50 patients, with only five having a history of
CKD, the small sample influenced our analysis. However,
our study found that the baseline Cr level was an
independent risk factor for the occurrence of nephrotoxicity
after therapy. It is also possible that the renal impairment of
patients in our study may have been complicated by other
factors, such as other nephrotoxic drug use, multiple organ
dysfunction syndrome, and septic shock.

Table 3 Comparison of patient demographic characteristics at baseline and after therapy

Characteristics Baseline After therapy P value
T (°C) 38.2+1.0 37.3+0.8 <0.001
SOFA score 10.9+4.3 12.0£6.2 0.118
APACHE Il score 24.3+5.3 26.3+12.1 0.118
MV 42 (84.0) 37 (74.0) 0.003
CRRT 14 (28.0) 15 (30.0) <0.001
Septic shock 29 (58.0) 19 (38.0) 0.07
WBC (10°/L) 11.6 (7.9-18.0) 10.2 (6.8-15.2) 0.255
N (10%/L) 9.6 (6.7-16.5) 7.8 (5.5-11.6) 0.041
CRP (mg/L) 113.2 (74.1-165.5) 70.8 (45.0-110.1) 0.001
PCT (ng/mL) 2.2 (0.9-6.0) 1.2 (0.5-3.7) 0.024
PLT (10°/L) 91 (60.5-188.3) 69.3 (40.0-173.8) 0.191
TBIL (umol/L) 27.4 (19.4-91.8) 32.9 (17.3-217.9) 0.062
Cr (umol/L) 91.4 (66.8-121.8) 80.2 (60.8-122.9) 0.035
Alb (g/L) 31.1(28.3-34.2) 31.9(29.1-34.3) 0.54
Lac (mmol/L) 2.6 (1.7-3.6) 3.4 (1.4-11.3) 0.017
Nephrotoxicity 22 (44.0) 12 (24.0) <0.001

Data are shown as mean + SD, median (IQR) or n (%). IQR, interquartile range; SD, standard deviation; T, temperature; SOFA, Sequential
Organ Failure Assessment; APACHE II, Acute Physiology and Chronic Health Evaluation Il; MV, mechanical ventilation; CRRT, continuous
renal replacement therapy; WBC, white blood cell; N, neutrophils; CRP, C-reaction protein; PCT, procalcitonin; PLT, platelet; TBIL, total

bilirubin; Cr, creatinine; Alb, albumin; Lac, lactate.
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Table 4 Comparison of demographic characteristics of patients with and without AKT after discontinuation

Characteristics AKI after treatment (n=20) Without AKI after treatment (n=30) P value
Age (years) 79.5 (68.3-88.0) 65.5 (50.0-82.8) 0.039
Male 15 (75.0) 25 (83.3) 0.718
Weight (kg) 58.0 (55.0-68.8) 64.0 (54.3-70.5) 0.606
T (°C) 38.0+1.0 38.3+0.9 0.236
SOFA score 12.2+5.2 10.0+3.5 0.089
APACHE-II score 25.2+4.5 23.7+5.7 0.333
MV 19 (95.0) 23 (76.7) 0.181
MV days 22 (10.5-32.3) 22.3 (14.3-48.8) 0.858
CRRT 10 (50.0) 4(13.3) 0.005
Shock 12 (60.0) 17 (56.7) 0.815
ICU stay (days) 29.5 (20.5-42.5) 33.5 (20.0-53.3) 0.937
Total length of stay (days) 35 (23.0-66.5) 49.5 (25.3-70.8) 0.476
28-day mortality 13 (65.0) 9 (30.0) 0.015
Duration of CS use (days) 11 (6.3-13.0) 11.5(8.3-18.8) 0.427
Cumulative CS dose (10° IU) 16.1+6.7 18.8+8.6 0.234
WBC (10°/L) 11.5(8.9-15.7) 11.4 (6.0-18.5) 0.593
N (10°/L) 8.4 (6.9-15.9) 9.6 (5.5-16.3) 0.984
CRP (mg/L) 106.6 (64.2-146.3) 120.8 (77.7-171.2) 0.812
PCT (ng/mL) 2.2 (1.1-4.4) 3.1 (0.8-9.0) 0.961
PLT (10°/L) 108.5 (40.0-193.3) 84.0 (64.0-190.8) 0.804
TBIL (umol/L) 46.4 (19.4-117.0) 25.1 (18.3-65.5) 0.572
Baseline Cr level (umol/L) 109.0 (84.6-189.9) 78.6 (61.3-106.8) 0.004
Alb (g/L) 30.8 (27.7-32.2) 31.6 (28.6-35.5) 0.157
Lac (mmol/L) 3.0 (1.5-6.0) 2.6 (1.7-3.2) 0.322
Bacteria eradication 11 (55.0) 18 (60.0) 0.726
Baseline nephrotoxicity 17 (85.0) 5(16.7) <0.001

Data are shown as mean + SD, median (IQR) or n (%). IQR, interquartile range; SD, standard deviation; AKI, acute kidney injury; T,
temperature; SOFA, Sequential Organ Failure Assessment; APACHE II, Acute Physiology and Chronic Health Evaluation Il; MV, mechanical
ventilation; CRRT, continuous renal replacement therapy; ICU, intensive care unit; CS, colistin sulfate; WBC, white blood cell; N,

neutrophils; CRP, C-reaction protein; PCT, procalcitonin; PLT, platelet; TBIL, total bilirubin; Cr, creatinine; Alb, albumin; Lac, lactate.

Multiple studies have shown that polymyxin B has dose-
dependent nephrotoxicity (27,35,36). Nelson er 4/. found
a dose of >250 mg per day was associated with a higher
incidence of AKI (37). In contrast, the dosage and duration
of colistin sulfate treatment were not significantly correlated
with nephrotoxicity in our study. Colistin sulfate seems to
cause less damage to renal functioning than polymyxin B or

© Annals of Translational Medicine. All rights reserved.

CMS. With this finding, we suggest that despite the initial
renal dysfunction, clinicians should consider using colistin
sulfate. Moreover, compared with PMB, we did not find
any other adverse events, such as skin hyperpigmentation or
neurotoxicity.

In this study the presence of underlying renal
dysfunction, chronic renal failure and the need for dialysis
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Table 5 Univariate and multivariate analysis of nephrotoxicity after therapy in patients receiving colistin sulfate
Univariate analysis Multivariate analysis
Variables
Oddsratio  95% confidence interval P value Odds ratio  95% confidence interval P value
Albumin 0.788 0.63-0.99 0.037 0.899 0.77-1.06 0.186
Lac 1.316 0.80-2.17 0.281
SOFA score 1.467 1.02-2.11 0.04 1.231 1.00-1.52 0.054
APACHE Il score 0.891 0.71-1.12 0.324
Cr 1.026 1.00-1.05 0.030 1.013 1.00-1.03 0.028
WBC 1.040 0.92-1.18 0.535
CRP 1.001 0.99-1.01 0.883
PCT 0.897 0.79-1.02 0.104
PLT 1.014 1.00-1.03 0.026 1.007 1.00-1.02 0.109
Duration of CS use (days) 0.947 0.78-1.15 0.582
Dose of CS 0.959 0.87-1.07 0.404

Lac, lactate; SOFA, Sequential Organ Failure Assessment; APACHE I, Acute Physiology and Chronic Health Evaluation II; Cr, creatinine;
WBC, white blood cell; CRP, C-reaction protein; PCT, procalcitonin; PLT, platelet; CS, colistin sulfate.

were, as expected, associated with an increased mortality at
28 days. The survivors in our study had a longer duration of
colistin sulfate treatment.

Colistin sulfate has only been listed in China for a short
time and its clinical application is not widespread. We
observed that the dosage was usually not adjusted according
to the patients’ weight.

This study has limitations, a retrospective single centre
cohort of 50 patients limits the widespread applicability
of our data. The lack of a control or comparator group
prevented direct comparisons with polymyxin B or
combination therapies such as carbapenems, tigecycline,
fosfomycin, aminoglycosides or rifampicin. Additional
antibiotics were prescribed at the discretion of the senior
clinicians; therefore, treatment effect may not be attributed
entirely to the effects of colistin sulfate. Another limitation
was the small sample of patients included in our study
because the single-center design and small sample size
limited the validity of our findings.

Conclusions

We would suggest, based upon an overall favorable response
rate of 58% and bacterial clearance rate of 40% that
Colistin is an effective treatment for CR-GNB infections.
The baseline Cr level was an independent risk factor for
nephrotoxicity, which was independent of the dosage and

© Annals of Translational Medicine. All rights reserved.

duration of colistin sulfate treatment. Large, prospective
randomized controlled trials are needed in the future to
investigate the efficacy and safety of intravenous colistin
sulfate.
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