
Background: The emergence of infections due to 
multidrug-resistant Gram-negative bacilli (MDR-
GNB) has led to the resurrection of colistin use. The 
data on colistin use and drug-related adverse effects in 
children are scarce.
Aims: In this study, we aimed to evaluate the clini-
cal efficacy and safety of colistin use in critically ill 
pediatric patients.
Study Design: This study has a retrospective study 
design.
Methods: Sixty-one critically ill children were iden-
tified through the department’s patient files archive 
during the period from January 2011 to November 
2014.
Results: Twenty-nine females and thirty-two males 
with a mean±standard deviation (SD) age of 61±9 
months (range 0-216, median 12 months) received 
IV colistin due to MDR-GNB infections. Bacteremia 
(n=23, 37.7%) was the leading diagnosis, followed by 
pneumonia (n=19, 31%), clinical sepsis (n=7, 11.4%), 
wound infection (n=6, 9.8%), urinary tract infection 
(n=5, 8.1%) and meningitis (n=1, 1.6%). All of the 
isolates were resistant to carbapenems; however, all 
were susceptible to colistin. The isolated microor-
ganisms in decreasing order of frequency were: Aci-
netobacter baumanni (n=27, 44.2%), Pseudomonas 

aeruginosa (n=17, 27.8%), Klebsiella pneumoniae 
(n=6, 9.8%), K. pneumoniae and Stenotrophomonas 
maltophilia (n=1, 1.6%), K. pneumoniae and A. bau-
manni (n=1, 1.6%), K. oxytoca (n=1, 1.6%) and En-
terobacter cloacae (n=1, 1.6%). In seven patients, no 
microorganisms were detected; however, five of these 
patients were colonized by carbapenem-resistant K. 
pneumoniae. The mean duration of colistin therapy 
was 12 days (range 3-45). Colistin was administered 
concomitantly with one of the following antibiotics: 
carbapenem (n=50, %82), ampicillin-sulbactam (n=5, 
8%), quinolones (n=5, 8%), rifampicin (n=1, 1.6%). 
Carbapenem was the most frequently used antibiotic. 
Nephrotoxicity was observed in only 1 patient, and we 
did not observe neurotoxicity in this study. All the pa-
tients received intravenous colistin (colisthimethate)  
at a dosage of 5 mg/kg daily by dividing it in three 
equal doses. Seven (11.4%) patients died during the 
study period.
Conclusion: Colistin appears to be a safe and effica-
cious drug for treating MDR-GNB infections in chil-
dren.
Keywords: Colistin, multidrug-resistant gram-nega-
tive infections, children
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Infections due to multidrug-resistant Gram-negative bacilli 
(MDR-GNB) are increasing globally. There are harmonized 
definitions of MDR-GNB. According to United States Food 
and Drug Administration (FDA), the European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) and the 
Clinical Laboratory Standards Institute (CLSI) lists of anti-
microbial susceptibility tests for microorganisms, MDR was 
described as non-sensitive to at least one agent in ≥3 antimi-
crobial categories (1). MDR-GNB are liable for more than 
50% of health-care associated infections and induces mortal-
ity rates ranging from 30% to 70% (2,3). Resistance to most 
classes of antibiotics result in limited therapy options and has 
led to reevaluate and reuse of colistin which is effective most 
of MDR-GNB (4). Colistin is a bactericidal drug which be-
longs to polymyxin group of antibiotics (5). Its use was lim-
ited because of its considerable side effects. Adverse effects 
of colistin use is mainly associated with nephrotoxicity. How-
ever current studies reported that this adverse effect is lesser. 
Although neurotoxicity is reported, studies showed this ad-
verse effect in a less degree (6,7). The data of the efficacy and 
safety of colistin use in children is scarce. The objectives of 
this study were to evaluate the clinical efficacy and safety of 
colistin use due to MDR-GNB infections in children.

MATERIALS AND METHODS

Study design and setting
This retrospective descriptive study was conducted in a 

649-bed tertiary university hospital in Istanbul, Turkey during 
the period of January 2011 to November 2014. 

Study population
Sixty-one children aged 0 months to 18 years old who were 

treated with intravenous colistin for more than 72 hours with 
the diagnosis of MDR-GNB infection were included in this 
study. The use of colistin for children is feasible after gaining 
the approval of the pediatric infectious diseases department. 

Data collection, definitions and colistin administration
The participants were identified through the department’s 

patient files archive, and their demographic information, un-
derlying diseases, clinical manifestations, laboratory test re-
sults were evaluated.

Empirical intravenous colistin therapy was started to seven 
patients when clinical condition of patients worsened diag-
nosed as clinical sepsis under carbapenem therapy since five 
of these patients were colonized with carbapenem resistant 

gram negative bacilli. Clinical sepsis was identified by the 
presence one of the symptoms of hypotension, fever or oligu-
ria including presence of followings: (i) no certain infection 
at any site, (ii) no microorganisms yielded or no blood culture 
obtained, and (iii) physician regulates convenient antimicro-
bial treatment for sepsis (8). All the other patients had culture 
proven infections due to MDR Gram-negative organisms. 

We defined MDR-GNB as microorganisms with resistance 
to at least three different classes of antibiotics (9). All the iso-
lates were resistant to carbapenems however all of them were 
susceptible to colistin.

We administered colistin (colistimethate sodium) 5.0 mg/
kg/day by dividing it into three intravenous doses (10-12). We 
reported our retrospective study design to the Ethics Commit-
tee of Marmara University School of Medicine and we got the 
document that there is no need for approval.

Clinical cure was accepted as the resolution of infection-
related signs and symptoms 48 hours after the initiation of co-
listin therapy. The control blood culture results were available 
for all patients and all cultures were resulted as negative. 

Adverse events
Nephrotoxicity was defined as an increase of >50% from 

the baseline serum creatinine level to the time when treat-
ment was initiated (13). Serum creatinine level was evaluated 
at least two times week. Neurotoxicity was defined as any of 
the following signs and symptoms after initiation of therapy; 
seizures, ataxia, distal paresthesias, change in mental status, 
dizziness and vertigo (14,15).

Microbiological methods
Bacterial identification was performed using a VITEK-MS 

(bioMerieux; Marcy l’Etoile, France). Antibiotic Susceptibil-
ity testing for all antibiotics was done by VITEK 2 automated 
systems (bioMerieux; Marcy l’Etoile, France) and disk dif-
fusion method. Minimum inhibitory concentrations (MIC) 
of carbapenems and colistin were determined using E-test 
(bioMèrieux; Marseille, France) following the manufacturer’s 
recommendations. All carbapenems interpreted in accordance 
Clinical and Laboratory Standards Institute guideline (16). 
For colistin, EUCAST criteria was used (17).

Statistical analysis
For the statistical analyses, we documented all the available 

medical information including age, gender, intensive care unit 
(ICU) stay, underlying diseases, type of infection, isolated micro-
organism, mortality, concomitant antibiotic use in the Microsoft 
Excel. The statistical analyses of mean and median age of the 
patients were performed with Statistical Package for the Social 
Sciences version 12.0 software (SPSS Inc.; Chicago, IL, USA).
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RESULTS

Of the 61 children in the study, 29 (48%) females and 32 
(52%) males with a mean±standard deviation (SD) age of 
61±9 months (range 0-216, median 12 months) received IV 
colistin due to MDR-GNB infections. 54 patients received IV 
colistin with proven MDR-GNB infections. In seven patients 
we did not detect any microorganisms, however five of these 
patients were colonized with carbapenem resistant. The mean 
duration of the colistin therapy was 12 days (range 3-45 days).

The risk factors evaluated as remarkable for nosocomial 
infections in this study were: intensive care unit stay, me-
chanical ventilation, presence of a central venous catheter 
and nasogastric tube placement. Forty (65.5%) patients were 
in intensive care unit. Use of mechanical ventilation, central 
venous catheter and nasogastric tube were 37.7%, 26.2% and 
26.2%, respectively. Table 1 showed the risk factors for noso-
comial infections. 

The most common underlying disease was chronic neuro-
logical disease (n=18, 29.5%), followed by chronic pulmo-
nary disease (n=10, 16.3%) and prematurity (n=10, 16.3%). 
The most causative pathogens were Acinetobacter baumannii 
(A. baumannii) (n=27, 44.2%), Pseudomonas aeruginosa (P. 
aeruginosa) (n=17, 27.8%) followed by Klebsiella pneumoni-
ae (K. pneumonia) (n=6, 11.4%), Klebsiella oxytoca (K. oxy-
toca) (1.6%) and Enterobacter cloacae (E. cloacae) (1.6%). 
In two patients coinfections were detected as K. pneumoniae 

with Stenotrophomonas maltophilia (S. maltophilia) and K. 
pneumoniae with A. baumannii. The site of infections in de-
creasing order of frequency were bacteremia (n=23, 37.7%), 
pneumonia (n=19, 31%), wound infections (n=6, 9.8%), uri-
nary tract infections (n=5, 8.1%) and meningitis (n=1, 1.6%). 
In seven patients IV colistin was started with the diagnosis 
of clinical sepsis. Table 2 showed type of infection, causative 
pathogen and the pattern of resistance.

Colistin was administered concomitantly with one of the 
following antibiotics; carbapenem (n=50, 82%), ampicillin-
sulbactam (n=5, 8%), quinolones (n=5, 8%), or rifampicin 
(n=1, 1.6%), however carbapenem was the most frequently 
used antibiotic. The mean duration of colistin therapy was 12 
days (range 3-45). In all our patients we administered colisti-
methate sodium 5 mg/kg/day by dividing it into three intrave-
nous doses.

The colistin therapy success rate found to be 89% since 7 
(11.4%) patients died during IV colistin treatment with the di-
agnosis of three patients with pneumonia (two of them with P. 
aeruginosa, one with A. baumannii), 2 patients with wound in-
fections (one with A. baumannii and one with P. aeruginosa), 
one patient with bacteremia (with K. pneumoniae) and one 
patient with clinical sepsis. All of the deaths were accepted to 
be related with the infections.

Nephrotoxicity was observed in only one patient who was 
treated concomitantly with meropenem. The patient was fol-
lowed-up by nephrology department and the dosage of the 
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TABLE 2. Type of infection (n), causative pathogen and the pattern of resistance

Microorganisms
The Pattern  

of Resistance Bacteremia Pneumoniae
Wound  

infections
Urinary tract 

infections Meningitis
Clinical 
 sepsis

A. baumannii MDR 16 5 3 2 1 -
P. aeruginosa MDR 1 12 3 1 - -
K. pneumoniae MDR 4 - - 2 - -
K. oxytoca MDR 1 - - - - -
E. cloacae MDR 1 - - - - -
K. pneumoniae with S. maltophilia MDR - 1 - - - -
K. pneumoniae with A. baumannii MDR - 1 - - - -
TOTAL - 23 19 6 5 1 7
MDR: multi-drug resistant; A. baumannii: Acinetobacter baumannii; P. aeruginosa: Pseudomonas aeruginosa; K. pneumoniae: Klebsiella pneumoniae; K. oxytoca: Klebsiella oxy-
toca; E. cloacae: Enterobacter cloacae; S. maltophilia: Stenotrophomonas maltophilia

TABLE 1. The Risk factors for nosocomial infections.

The Risk Factors
Bacteremia  

(n=23)
Pneumoniae 

(n=19)
Wound infections 

(n=6)
Urinary tract  

infections (n=5)
Meningitis  

(n=1)
Clinical sepsis 

(n=7)
Intensive Care Unit 17 9 4 3 - 7
Mechanical ventilation 8 8 3 1 - 3
Presence of central venous catheter 11 2 2 - 1 -
Presence of nasogastric tube 4 3 2 1 - 6

n: number of patients



colistin was adjusted according to creatinine clearance, how-
ever the patient died during the treatment with the diagnosis of 
end-stage cystic fibrosis. A transient elevation in hepatic trans-
maminases during treatment with IV colistin was observed in 
two patients. The first patient was treated concomitantly with 
ampicillin-sulbactam and the second patient was treated con-
comitantly with imipenem which can be the causes of elevated 
hepatic transmaninases. Laboratory findings returned to base-
line in both patients without cessation of colistin therapy. One 
of the other adverse effect that we have observed during the 
treatment was diarrhea which lasted in few days. The antibiot-
ics used in conjunction with colistin were ciprofloxacin and 
linezolid. We think that these agents may be responsible of 
diarrhea. We have not observed neurotoxicity in our patients.

DISCUSSION

In this study, we report favorable clinical outcomes in a group 
of 61 children who were treated with IV colistin. This study, 
which is one of the largest series of colistin therapy in chil-
dren, showed 89% cure rate. We find that it was an effective 
and well tolerated antimicrobial agent by the children patients. 
Few studies have investigated the clinical efficacy and safety of 
colistin use in children. It has been reported in previous studies 
that the effectiveness rates with colistin therapy were 47-88% 
(15,18-20).

In our study, 89% patients were cured, which is consistent 
with previous studies; the infection-related mortality rate was 
11%. Furtado reported the lowest effectiveness rate with colis-
tin therapy for the treatment of nosocomial pneumonia due to 
MDR - P. aeruginosa (18). In our study, 7 patients died during 
the therapy and the most common diagnosis was pneumoniae 
in three patients and the most common identified microorgan-
ism was P. aeruginosa in three patients.

The optimum dose for colistin is unclear. Colistin is in use 
as colistin sulfate and colisthimethate sodium (CMS) but only 
CMS which is a prodrug is available for intravenous use. 
There are two trading formulations of CMS that are different-
ly formulated in vials. One of them contains 150 mg colistin 
base activity, and the other one contains 1 and 2 million in-
ternational units of CMS. According to published recommen-
dations we have administered 5 mg/kg/day of colistimethate 
sodium into three equal doses (15,21).

Previous studies have suggested that a loading dose is effec-
tive (22,23). On the other hand, cumulative colistin dose was 
found in association with toxicity in different studies (24,25). 
We did not administer colistin loading dose to our patients. We 
think that, more studies are needed to clarify suitable dose and 
interval of colistin and if a loading dose is essential. 

Colistin was administered concomitantly with one of the 
following antibiotics in our study; carbapenem (n=50, %82), 
ampicillin-sulbactam (n=5, 8%), quinolones (n=5, 8%), or ri-
fampicin (n=1, 1.6%). The ultimate antibacterial activity and 
the synergy were regarded with the combination of colistin 
and meropenem therapy (26), for this reason carbapenem was 
the most frequently used antibiotic in our study. However in 
some cases because of different indications, we had to use 
quinolones despite we did not use preferential this agent un-
der 18 years old. The patients treated with quinolones were 
as follows: a 17-year-old-boy with wound infection, 13 year-
old-girl with pneumoniae, 12 year-old-boy with bacteremia, 
9 year-old-girl with urinary tract infection and a newborn girl 
with bacteremia. All the patients had underlying diseases such 
as immunodeficiency, chronic pulmonary disease, neurologi-
cal disease, malignancy and congenital heart disease, respec-
tively. These were the available data for the patients who used 
quinolones. A. baumannii was responsible four of these in-
fections and P. aeruginosa was the causative agent of pneu-
moniae. Therefore, the combination therapies may help to get 
high cure rates.

In previous reports, nephrotoxicity was the most common 
adverse effect of colistin therapy (18,20,24); however, recent 
studies reported lower nephrotoxicity rates in association with 
colistin use (14,27). In our study, we observed nephrotoxic-
ity only in one patient which is similar to report of Falagas 
et al. (27) in 2009. We explain lower rates of nephrotoxicity 
with colistin therapy due to understanding of pharmacokinet-
ics, pharmacodynamics of the agent, close monitoring of re-
nal functions and advances of intensive care unit monitoring. 
Also, no neurotoxicity was observed in this study similar to 
previous studies in the literature (27,28).

Limitations of this study were; firstly, number of the pa-
tients in this study is not enough to generalize the efficacy 
and adverse effects of colistin therapy. Secondly, it was a 
retrospective study and there was no control group to com-
pare the efficacy and safety of colistin versus other antimi-
crobial agents. Thirdly, it was difficult to evaluate the ad-
verse effect of neurotoxicity in patients who were sedated 
and premature. Fourthly, the drug level was not monitored. 
And lastly, because of this retrospective study, the micro-
biological findings could be described as possible as acces-
sible, therefore we could not present the all susceptibility 
results.

In conclusion, colistin was well tolerated by children and it 
appears to be a good choice for the treatment of MDR-GNB 
infections. Combination therapy may achieve high cure rates 
and is advised for MDR-GNB infections. The studies which 
indicate lesser adverse effects of colistin therapy can lead 
gradual increase in reuse.
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