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What is already known on this topic?

►► Multidrug-resistant Gram-negative bacteria 
(MDR-GNB) are a big challenge in the neonatal 
population in Pakistan.

►► The number of MDR-GNB infections is 
increasing in neonates.

►► Colistin is considered a therapeutic option after 
the failure of carbapenem use.

What this study adds?

►► Predictors of response to colistin and significant 
association with neonatal survival with earlier 
microbial clearance.

►► Starting colistin within 1–2 hours of the onset 
of severe sepsis or septic shock may improve 
the survival of neonates with colistin-sensitive 
MDR-GNB infections.

►► Intrathecal colistin may improve the survival 
of neonates with MDR-GNB meningitis and 
ventriculitis.

Abstract
Objective  Infections with multidrug-resistant 
organisms (MDROs) such as Gram-negative bacteria 
have high morbidity and mortality with limited treatment 
options. Colistin, an antibiotic active against MDRO, was 
rarely used due to frequent adverse effects, but its use 
has now been recommended among adults. In this study, 
we determined the efficacy of colistin for the treatment 
of sepsis in neonates.
Design/setting/patients/outcomes  We conducted a 
retrospective record review of all neonates admitted to 
the neonatal intensive care unit of Aga Khan University 
Hospital, Karachi, Pakistan, between June 2015 and 
June 2018, who had sepsis and received colistin by 
intravenous, inhalation and/or intrathecal routes. 
Predictors of colistin efficacy, for neonatal survival and 
microbial clearance, were assessed using multiple logistic 
regression.
Results  153 neonates received colistin; 120 had 
culture-proven sepsis; and 93 had MDR-GNB (84 
colistin-sensitive). 111 (72.5%) neonates survived and 
were discharged from hospital; 82.6% had microbial 
clearance. Neonates with colistin-sensitive bacteria 
(adjusted OR (AOR)=3.2, 95% CI 2.8 to 4.0), and those 
in which colistin therapy started early (AOR=7.2, 95% CI 
3.5 to 13.6) were more likely to survive. Neonates with 
increased gestational age (AOR=1.9, 95% CI 1.5 to 3.0), 
higher weight (AOR=5.4, 95% CI 3.3 to 11.8) and later 
onset of sepsis (AOR=4.3, 95% CI 2.0 to 9.0) had higher 
survival. Adverse events included nephrotoxicity in 5.2%; 
13.7% developed seizures and 18.3% had electrolyte 
imbalance.
Conclusions  Colistin therapy was associated with 
survival among neonates suffering from MDR-GNB 
sepsis. The frequency of side effects was moderate.

Background
Infection with multidrug-resistant Gram-negative-
bacteria (MDR-GNB) is associated with high 
morbidity and mortality,1 2 and often these infec-
tions are nosocomial. The incidence of neonatal 
nosocomial infections has been reported between 
7% and 24% in South Asia.1 3 Acinetobacter 
baumannii, Klebsiella pneumoniae, Pseudomonas 
aeruginosa and Echerichia coli are the most frequent 
Gram-negative-bacteria (GNB) in South Asia with a 
high rate of multidrug resistance.4 5 In one study, 
89% of Acinetobacter species were MDR.4 Further-
more, carbapenem-resistant organisms (CROs) are 
among multidrug-resistant organisms (MDROs) 

which pose the greatest challenge with mortality 
ranging from 12% to 50% among neonates.5–7

Colistimethate sodium (CMS) is an inactive 
prodrug administered parenterally. It is then hydro-
lysed into its active metabolite colistin, which 
is a potent antimicrobial agent; CMS use was 
abandoned earlier due to frequent side effects. 
However, more recently, CMS has been recom-
mended for adults with MDR-GNB infections.8 9 
CMS treatment is particularly recommended when 
carbapenem resistance is reported. Cefiderocol is 
another therapeutic agent effective against MDRO 
like CROs.10 11 However, cefiderocol and similar 
agents are expensive with limited availability in 
low-income and middle-income countries (LMICs). 
Colistin is available in LMICs and is used for most 
of the susceptible CROs.12 Colistin can cause a high 
rate of neurotoxicity and nephrotoxicity if admin-
istered in high doses intramuscularly, although 
toxicities are negligible when given intravenously.13 
Colistin has been used widely among adults with 
cancer, burns and in intensive care units.14 15 There 
are very few studies describing colistin use among 
children and neonates.9 16 Determining the safety 
of colistin use among neonates admitted to ICU 
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is difficult due to the presence of other contributing comorbid 
conditions, including prematurity and use of other antibiotics. 
Thus, the safety and efficacy of colistin among neonates remain 
unclear, particularly in LMIC settings.17 18

The purpose of this study was to evaluate the use of colistin 
in a neonatal intensive care unit (NICU) setting in Pakistan. We 
investigated the efficacy and safety of colistin in the neonatal 
population considering coexisting clinical conditions and 
concomitant medicinal use.

Method
Study design, participants’ eligibility and data sources
This was a retrospective review of medical records from a 
tertiary care hospital in Karachi, Pakistan. Infants admitted to 
NICU and the step-down unit, between June 2015 and June 
2018, receiving colistin by any route (intravenous, nebuliser or 
intrathecal) for sepsis, were included in the study. Patients with 
seizures, acute kidney injury (AKI) or congenital abnormalities 
of the urinary tract were excluded.

Information was extracted from hospital electronic records. 
This included information on clinical characteristics and route, 
dose and duration of colistin therapy. Laboratory parameters 
like serum creatinine, blood urea nitrogen, serum electrolytes 
at baseline; days 1, 3 and 7, and then weekly until the end of 
colistin therapy were also recorded. We recorded concomitant 
use of other nephrotoxic drugs/antibiotics (within 7 days of 
colistin therapy) and the occurrence of seizures. In addition, 
data for culture and sensitivity, organism eradication period and 
survival/death was also retrieved.

Definitions
Clinical sepsis and nosocomial infection were defined as per 
standard definitions from the Centers for Disease Control and 
Prevention.19 Neonates who had sepsis associated with any 
organ dysfunction, hypotension or on vasopressors were clas-
sified as having septic shock.19 Neonate with a clinical presen-
tation of septicaemia, meningitis or pneumonia, along with 
pathogen isolation in control cultures of blood, cerebrospinal 
fluid (CSF), endotracheal aspirate or urine were defined as 
culture-positive sepsis. Treatment failure was considered when 
the same condition persisted or got worse over the period of 
48–72 hours or new infection occurred or signs of worsening 
on radiology.20

We used the modified Kidney Disease Improving Global 
Outcomes definition for AKI.21 AKI assessed by changes in 
serum level creatinine (before, during and after the treatment) 
and defined as an increase in serum creatinine (at least 0.3 mg/dL 
within 48 hours or 150%–200% increase from baseline trough 
value).21 Neurotoxicity was defined as an episode of seizure or 
change in consciousness level at any time during colistin therapy. 
We defined microbiological response as no bacterial growth in 
cultures of CSF, blood or urine, at least 72 hours after starting 
colistin therapy. Cultures were collected and evaluated every 
48 hours until microbial clearance. MDRO was defined as an 
isolate non-susceptible to at least one agent of ≥3 antimicrobial 
categories.22 Hypomagnesaemia was defined as serum magne-
sium concentration of <1.6 mg/dL23 and hypokalaemia as 
serum potassium concentrations of <3.5 mEq/L.24 The efficacy 
of colistin as an outcome measure was evaluated based on the 
microbiological clearance of cultures and patient survival with 
colistin therapy.

Microbiological methods
Baseline and subsequent cultures during therapy were taken from 
venous blood, endotracheal aspirate, CSF, urine, wound/tissue/
pus or central venous catheter. These culture samples were inoc-
ulated on routine culture media (blood/chocolate/MacConkey 
agar). Pathogens were identified through Vitek-2 compact 
system and biochemical tests. Colistin susceptibility of isolated 
pathogens was confirmed by performing a broth microdilution 
test. Isolated pathogens with minimum inhibitory concentration 
(MIC) of ≤2 mg/dL were documented as colistin-sensitive using 
Clinical Laboratory Standards Institute (CLSI) guidelines.25

Institutional antibiotic guidelines were followed for the treat-
ment of neonatal sepsis. First-line therapy included intravenous 
ampicillin and gentamicin or cefotaxime and amikacin. Second-
line therapy was carbapenem with vancomycin. Colistin was 
reserved as a third-line antibiotic, mostly administered with 
meropenem. Colistin therapy was started; 1. after culture sensi-
tivity reports; 2. as antimicrobial escalation for failure of first 
and second-line antibiotics; 3. in cases of severe sepsis/septic 
shock within 1–2 hours empirically with carbapenem based 
on our NICU antimicrobial susceptibility patterns.4 5 26 Since 
colistin is considered a controlled medication, approval from an 
infectious disease consultant was needed in non-culture proven 
sepsis when therapy continued for more than 72 hours.

Colistin (base) was administered intravenously at a dose of 
2.5–5.0 mg (75 000–150 000 units)/kg/day in two to four divided 
doses, 4 mg/kg/dose twice daily via nebulisation and 0.16–
0.24 mg/kg as a single daily dose via intrathecal/intraventricular 
route. Doses were adjusted in patients with reduced renal func-
tion.27–29 All intravenous and intrathecal doses were dispensed in 
prefilled ready to administer form in normal saline and infused 
over 30 min.

Outcome measures and statistical analysis
Primary outcome measures were microbiological clearance and 
patient survival during treatment. Colistin-associated adverse 
effects, such as nephrotoxicity, neurotoxicity and electrolyte 
imbalance, were evaluated as secondary outcomes.

Data were analysed using IBM SPSS V.20. Descriptive statistics 
were provided according to those neonates who survived and 
died. At the univariate level, each independent variable was anal-
ysed to see the association of survival and microbial clearance 
using binary logistic regression. Those variables with significance 
of ≤0.20 or biologically plausible (parameters related to ante-
natal care and neonatal clinical parameters) at univariate level 
were considered for multivariable analysis.

Results
A total of 153 patients with sepsis who underwent colistin 
therapy were included in this study (see table  1). Most were 
male (n=102), preterm (n=118) and low birth weight (n=110). 
Bacteraemia was the most common diagnosis (n=108) followed 
by pneumonia (n=34) and meningitis (n=15); 120 were culture-
proven cases, while the rest were diagnosed on clinical grounds 
K. pneumonia and A. baumannii were the most frequent organ-
isms isolated. Multiple comorbid conditions were present among 
neonates. Nearly three quarters (72.5%) of neonates survived.

Colistin-sensitive organisms were found in 64 surviving and 
20 neonates who died, while colistin-resistant organisms were 
found in 1 and 8 neonates who survived and died respectively. 
Concomitant use of carbapenem was 91.0% in those who 
survived and 90.5% in those who died. There was no difference 
in the mean duration of colistin therapy in those who survived 
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Table 1  Demographic, hospital management and disease status of neonates with sepsis administered colistin therapy who survived or died at a 
tertiary care hospital in Karachi (N=153)

Variables

Survived Died

(n=111) (%) (n=42) (%)

Demographic/birth history

 � Male 79 (71.2) 23 (54.8)

 � Delivery by caesarean section 49 (44.1) 27 (57.1)

 � Premature rupture of membranes (>18 hours before delivery) 15 (13.5) 9 (21.4)

Hospital stay/management of patient

 � Comorbid conditions/illness

 � �  Respiratory* 65 (58.6) 31 (73.8)

 � �  Neurological† 37 (33.3) 10 (23.8)

 � �  Gastrointestinal‡ 21 (18.9) 7 (16.7)

 � �  Cardiac§ 15 (13.5) 7 (16.7)

 � �  Metabolic/endocrine¶ 1 (0.9) 4 (9.5)

 � Diagnosis/site of infection

 � �  Bacteraemia 84 (75.7) 24 (57.1)

 � �  Meningitis 6 (5.4) 9 (21.4)

 � �  Pneumonia 25 (22.5) 9 (21.4)

Isolated microbes and their sensitivity

 � Isolated microorganisms

 � �  Klebsiella pneumonia 34 (30.6) 8 (19)

 � �  Acinetobacter baumannii 33 (29.7) 10 (23.8)

 � �  Enterobacter species 10 (9.0) 2 (4.8)

 � �  Pseudomonas aeruginosa 9 (8.1) 4 (9.5)

 � �  Escherichia coli 4 (3.6) 2 (4.8)

 � �  Elizabethkingia meningoseptica 2 (1.8) 0

 � Site of positive culture

 � �  Blood 50 (45.0) 20 (47.6)

 � �  Blood (+tracheal/CSF/urine/tissue) 28 (25.2) 6 (14.3)

 � �  Other than blood 4 (9.9) 5 (11.9)

 � Micro-organism sensitivity

 � �  Culture-proven sepsis 90 (81.1) 30 (71.4)

 � �  Colistin-resistant MDR-GNB 8 (7.2) 1 (2.4)

 � �  Colistin-sensitive MDR-GNB 64 (57.7) 20 (47.6)

 � �  Carbapenem-sensitive/no susceptibility check for colistin 18 (16.2) 9 (21.4)

 � �  No growth/clinical sepsis 21 (18.9) 12 (28.6)

Medication/management

 � Concomitant medications (antibiotic/nephrotoxic agent)**

 � �  Carbapenem 101 (91.0) 38 (90.5)

 � �  Aminoglycosides 87 (78.4) 33 (78.6)

 � �  Cephalosporin (third generation) 86 (77.5) 33 (78.3)

 � �  Vancomycin 81 (73.0) 32 (76.2)

 � �  Diuretics (more than three doses) 67 (60.4) 27 (64.3)

 � �  Amphotericin B 16 (14.4) 7 (16.7)

 � �  Piperacillin/tazobactam 4 (3.6) 6 (14.3)

 � �  Ibuprofen 5 (4.5) 3 (7.1)

 � Route of administration of colistin

 � �  Intravenous only 85 (76.6) 35 (83.3)

 � �  Aerosolised only 1 (0.9) 2 (4.8)

 � �  Intravenous and aerosolised 19 (17.1) 4 (9.5)

 � �  Intravenous and intrathecal 5 (4.5) 0

 � �  Intrathecal only 1 (0.9) 1 (2.4)

 � Mean duration of colistin therapy (days)††

 � �  Intravenous 8.2 (6.5) 8.1 (6.6)

 � �  Aerosolised 5.8 (3.6) 3.3 (1.5)

 � �  Intrathecal 5.3 (1.9) 6.2 (1.8)

Laboratory parameters during colistin therapy††

Continued
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Variables

Survived Died

(n=111) (%) (n=42) (%)

 � BUN (mg/dL) 20.4 (1.3) 22.5 (1.6)

 � Creatinine (mg/dL) 0.62 (0.31) 0.58 (0.25)

 � Magnesium (mg/dL) 1.8 (0.4) 1.3 (0.3)

 � Potassium (mEq/L) 3.4 (0.58) 3.0 (0.49)

 � Calcium (mg/dL) 8.7 (0.6) 7.6 (0.8)

 � Sodium (mEq/L) 141 (3.6) 138 (2.1)

Adverse effects experienced during colistin therapy

 � Needed additional electrolytes supplementation 18 (16.2) 10 (23.8)

 � Seizures 14 (12.6) 7 (16.7)

 � Acute kidney injury 7 (6.3) 1 (2.4)

Mean length of NICU stay (days)†† 12.5 (10.8) 15.3 (9.8)

Mean length of hospital stay (days)†† 20.7 (13.4) 16.9 (9.2)

*Respiratory illness: bronchopulmonary dysplasia, bronchiolitis, transient tachypnea of the newborn, respiratory distress syndrome, persistent pulmonary hypertension of the 
newborn and meconium aspiration syndrome.
†Neurological illnesses: perinatal asphyxia, meningomyelocele, Down’s syndrome, intraventricular haemorrhage, patent ductus arteriosus and presence of external ventricular 
drain/ventriculoperitoneal shunt.
‡Gastrointestinal illnesses: necrotising enterocolitis, oesophageal atresia and duodenal oesophageal atresia.
§Cardiac illnesses: acyanotic congenital heart disease and cardiac surgery.
¶Metabolic/endocrine illnesses: infant of a diabetic mother, hypoglycaemia, maple syrup urine disease and inborn errors of metabolism.
**Used within 1 week before and/or during colistin therapy.
††Mean±SD.
BUN, blood urea nitrogen; CSF, cerebrospinal fluid; MDR-GNB, multidrug-resistant Gram-negative bacteria; NICU, neonatal intensive care unit.

Table 1  Continued

Table 2  Factors associated with survival of neonates who underwent colistin therapy at a tertiary care hospital in Karachi (N=153)

Variables Survived (n=111) (%) Died (n=42) (%) OR (95% CI) Adjusted OR (95% CI)

Mean gestational age (weeks)* 34.3 (3.6) 28.3 (2.8) 1.6 (1.4 to 1.9) 1.9 (1.5 to 3.0)

Mean birth weight (kg)* 2.1 (0.78) 1.3 (0.61) 4.9 (2.6 to 9.2) 5.4 (3.3 to 11.8)

Antenatal steroids (two doses) 33 (29.7) 8 (19.0) 1.6 (0.6 to 4.3) 1.1 (0.1 to 2.3)

History of pre-eclampsia 71 (64.0) 24 (57.1) 1.9 (0.4 to 2.0) –

Gestational diabetes mellitus 22 (19.8) 9 (21.4) 4.3 (0.5 to 41.4) –

Absence of deteriorating signs

 � Poor perfusion (inotropic support) 60 (54.1) 40 (95.2) 17.0 (3.9 to 73.8) 6.1 (2.2 to 25.1)

 � Anaemia (transfusion 48–72 hours) 45 (40.5) 32 (76.2) 4.7 (2.1 to 10.5) 3.7 (1.9 to 7.9)

 � Metabolic acidosis 29 (26.1) 27 (64.3) 5.1 (2.4 to 10.9) 4.4 (2.0 to 9.0)

 � Low platelets 18 (16.2) 31 (73.8) 14.6 (6.2 to 34.2) 4.8 (2.0 to 9.2)

 � Ventilator requirement 60 (54.1) 34 (81.0) 3.1 (1.5 to 8.5) 1.8 (0.9 to 4.6)

Culture grew colistin-sensitive GNB 64 (57.7) 20 (47.6) 2.4 (1.7 to 2.9) 3.2 (2.8 to 4.0)

Infection onset (day of admission)* 4.5 (4.6) 2.9 (1.9) 1.1 (1.0 to 1.3) 4.3 (2.0 to 9.0)

Colistin initiation after sepsis (days)* 3.2 (2.8) 8.0 (6.0) 5.3 (2.7 to 10.8) 7.2 (3.5 to 13.6)

Achieved microbiological clearance† 76 (82.6) 16 (57.1) 4.8 (1.9 to 11.9) 5.2 (2.2 to 13.2)

Microbial clearance (days)* 3.6 (2.3) 6.0 (3.1) 1.7 (1.2 to 2.4) 2.0 (1.9 to 3.0)

*Mean±SD.
†n=120 for this variable as 33 had no growth in culture.
GNB, Gram-negative bacteria.

versus those who died (table 1). The median life span of those 
neonates who died was 23 days (range 5–45 days). Adverse events 
associated with colistin use included AKI (n=8, 5.2%), seizures 
(n=21, 13.7%) and electrolyte imbalance (n=28,18.3%).

Table 2 describes the adjusted OR (AOR) for factors associated 
with survival among neonates with colistin use. Neonates with a 
positive culture and colistin-sensitive organisms were more likely 
to survive (AOR=3.2, 95% CI 2.8 to 4.0). Early initiation of 
colistin after the onset of severe sepsis/septic shock (AOR=7.2, 
95% CI 3.5 to 13.6) led to a higher survival rate. Microbial clear-
ance (AOR=5.2, 95% CI 2.2 to 13.2) was more likely to be asso-
ciated with a higher survival rate. Other factors associated with 

improved survival included later onset of sepsis in the hospital, 
increased gestational age (GA), higher birth weight and absence 
of deteriorating signs.

Table 3 describes the AOR for factors associated with micro-
bial clearance in neonates with colistin use. Colistin administered 
within 1–2 hours of the onset of sepsis/septic shock had much 
higher microbial clearance (AOR=32.9, 95% CI 15.4 to 58.5). 
Simultaneous use of carbapenem had no advantage for micro-
bial clearance. Neonates with colistin-sensitive organisms were 
more likely to have microbial clearance (AOR=2.1, 95% CI 1.0 
to 3.7). Later onset of sepsis in the hospital (AOR=2.0, 95% CI 
1.0 to 1.5) and higher birth weight were associated with higher 
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Table 3Table 3:  Factors associated with microbial clearance among neonates suffering from sepsis who underwent colistin therapy at a tertiary 
care hospital in Karachi (N=120)

Variables
Clearance achieved
(n=92) (%)

Clearance not achieved
(n=28) (%)

Odds Ratio
(95% CI)

Adjusted Odds Ratio
(95% CI)

Mean Gestational age (weeks)*
Mean birth weight (Kg)*

33.7(3.9) 30.4(4.5) 1.2 (1.1 to 1.4) 1.0 (0.9 to 1.2)

2.1 (0.8) 1.5 (0.8) 2.5(1.3 to 4.6) 2.1 (1.2 to 4.2)

Absence of deteriorating signs

Poor perfusion (inotropic support) 54 (58.7) 21 (75.0) 2.1 (0.8 to 5.5) 1.1 (0.4 to 3.6)

Anemia (transfusion 48 to 72hrs) 38 (41.3) 20 (71.4) 3.6 (1.5 to 8.9) 2.2 (0.8 to 5.6)

Metabolic acidosis 25 (27.2) 12 (42.9) 2.0 (0.8 to 4.8) 1.3 (0.6 to 3.0)

Low platelets 23 (25.0) 15 (53.6) 3.5 (1.4 to 8.3) 2.1 (0.8 to 4.7)

Ventilator requirement 56 (60.9) 18 (64.3) 1.1 (0.5 to 2.8) 0.8 (0.4 to 1.2)

Duration of colistin therapy (days)* 9.6(6.2) 5.8(5.7) 1.1 (1.0 to 1.2) 1.4 (1.2 to 1.6)

Culture grew colistin sensitive GNB 66 (71.7) 18 (64.3) 1.8 (0.4 to 3.0) 2.1 (1.0 to 3.7)

Infection onset (day of admission)* 4.9 (4.8) 2.9 (2.3) 1.2 (1.0 to 1.4) 2.0 (1.0 to 1.5)

Colistin initiation after sepsis (days)* 2.3 (3.3) 5.4 (6.1) 2.9 (1.8 to 3.3) 3.9 (2.3 to.4.8)

Bacteraemia 82 (89.1) 25 (89.3) 1.0 (0.3 to 3.9)

Pneumonia 20 (21.7) 9 (32.1) 0.6 (0.2 to 1.5)

Meningitis 6 (6.5) 9 (32.1) 0.9 (0.2 to 3.6)

Isolated microorganisms

Acinetobacter baumannii 33 (35.9) 10 (35.7) 1.0 (0.4 to 2.4)

Klebsiella pneumonia 34 (37.0) 8 (28.6) 1.5 (0.6 to 3.7)

Enterobacter species 11 (12.0) 1 (3.6) 3.7 (0.5 to 30.0)

Pseudomonas aeruginosa 8 (8.7) 5 (17.9) 0.4 (0.1 to 1.5)

Colistin administered within 1-2hrs of severe sepsis/septic shock 82 (89.1) 4 (14.3) 49.2 (14.2 to 17.9) 32.9 (15.4 to 58.5)

Simultaneous use of carbapenems 83 (90.2) 26 (92.9) 0.7 (0.1 to 3.5)

*Mean±SD.
GNB, Gram-negative bacteria.

microbial clearance. However, the absence of deteriorating signs 
and GA had no association with microbial clearance.

Discussion
Despite the reintroduction of colistin and its wide use among 
adults for MDR-GNB infections, there is very little evidence of 
colistin use in neonates. Few studies have reported intravenous 
use of colistin.27 30 31 This is one of the few studies with a reason-
able sample size to determine the effectiveness and adverse 
effects of colistin in the critically ill neonatal population. Our 
study found that colistin use was associated with 72.5% survival 
among neonates with sepsis. Alan et al reported 4/21 deaths in 
neonates treated with colistin; however, their study was limited 
in size and deaths within 72 hours of birth were not included.18 
Serafettin Tekgunduz et al reported a 50% mortality among 
neonates with culture-proven sepsis treated with colistin.31

The study also evaluated the predictors of survival and 
microbial clearance among neonates given colistin therapy. As 
expected, small for GA and low birthweight babies had higher 
mortality. These findings are consistent with several other studies 
globally.27 32 The absence of deteriorating clinical signs and labo-
ratory parameters was significantly associated with survival, 
findings which are consistent and biologically plausible.33 None-
theless, the duration of colistin therapy, the type of organism 
treated and the site of infection had no association with survival 
and microbial clearance. On the other hand, the presence of 
colistin-sensitive GNB and early initiation of colistin therapy 
after the onset of sepsis (especially administration of first intra-
venous dose within 1–2 hours of the onset of severe sepsis/septic 
shock) were associated with increased survival of the neonates 
and microbial clearance. To the best of our knowledge, this is the 

first study of its kind which has looked at the association of these 
factors in a neonatal population.

The concomitant use of other antimicrobial agents had no 
association with survival or microbial clearance. Studies have 
shown that long-term use of colistin leads to microbial resis-
tance; however, the duration of therapy was short in our study 
and none showed subsequent resistance.34

To the best of our knowledge, this is the first study to report 
the use of intrathecal colistin for meningitis in neonates. In our 
study, 15 patients had meningitis, 7 received intrathecal colistin 
(5 of whom also received intravenous colistin); the other 8 
patients with meningitis received only intravenous colistin. All 
neonates with meningitis who received both intravenous and 
intrathecal colistin survived, but none of those given intravenous 
colistin alone survived. Furthermore, two neonates who received 
only intrathecal colistin; one survived and one died. This suggests 
that the appropriate route of colistin has a significant impact on 
clinical outcomes, especially in neonates with ventriculitis and 
meningitis with colistin-sensitive GNB. However, these results 
should be interpreted with caution, as there was a small number 
of neonates in these categories. We recommend further studies 
in this regard.

Nephrotoxicity is the major side effect related to colistin use 
reported in the literature.9 Though we followed the definition 
for AKI used in previous neonatal studies, the rate of nephro-
toxicity was much lower in our study.8 35–37 A study of very low 
birth weight (VLBW) neonates given a similar dose of colistin 
(5 mg/kg/day)27 found AKI in 4/28 (14%) VLBW neonates. 
This might be related to a shorter duration of colistin in our 
study compared with other studies with a higher prevalence of 
AKI.8 9 38 39 Bartter-like syndrome was reported in a neonate with 
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26 days of therapy.18 In our study, colistin was continued in AKI 
patients with dose adjustment according to weight and serum 
creatinine. The concomitant use of nephrotoxic medications did 
not seem to affect AKI development.

Overall, 28 (18.3%) patients in our study experienced revers-
ible hyponatraemia, hypokalaemia, hypomagnesaemia and hypo-
calcaemia. These adverse effects were lower (16.2%) among 
patients who survived than those who died (23.8%). Colistin 
therapy was not discontinued in these cases who were managed 
with supportive care.18 40 The need for supplemental electrolytes 
in our study was lower than the previous VLBW neonatal study, 
which reported 78.6% and 53.6% neonates needing magnesium 
and potassium supplementations, respectively.27

In the present study, seizures were observed in 14 (12.6%) 
who survived and 7 (16.7%) of those who died.8 Of these 21 
neonates, 3 had meningomyelocele, 1 each had brainstem bleed, 
an external ventricular drain/ventriculoperitoneal shunt, 5 had 
perinatal asphyxia, 2 had hydrocephalus, 4 had intraventricular 
haemorrhage (IVH), and 3 had IVH and hydrocephalus. A total 
of 8/21 had meningitis. It was not possible to directly correlate 
the neurological side effects with colistin therapy, given the 
comorbidities, clinical circumstances and other medications in 
these sick neonates.8 18 Overall, the number of patients in each 
category was too small to deduce any meaningful conclusions.

Our study is the largest reported study of neonatal colistin 
use, and we found successful colistin therapy via inhalation, 
intrathecal and intravenous routes with tolerable adverse effects. 
A few limitations must be considered. This was a single-centre 
retrospectively designed study. Also, some of the positive isolates 
in urine and tracheal aspirate could be colonising species rather 
than causative pathogens. Further prospective studies need to be 
conducted to confirm our findings.

In conclusion, this study suggests that colistin may be safe 
and effective for treating MDR-GNB infections in critically ill 
neonates. However, it remains the last resort for MDR-GNB after 
the failure of carbapenems. Moreover, for the optimal neonatal 
doses through different routes of administration, further phar-
macodynamics and pharmacokinetic studies are required.
Correction notice  This paper has been corrected since it was published online. 
There was a data error in table 1 in the row ’Diagnosis/site of infection’, for 
meningitis and pneumonia.
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