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Background: Although it is well described among adults, intravenous colistin use and its associated toxicities in newborns are poorly
understood.

Objectives: We present our experience of efficacy and safety of intravenous colistin in the treatment of sepsis in term and preterm
neonates.

Patients and Methods: The records of neonates who received colistin between January 2013 and February 2014 were retrospectively
reviewed. All neonates with culture proven nosocomial infections due to multidrug resistant organisms and treated continuously with
colistin for more than 72 hours were included in the study.

Results: Patients were evaluated for clinical and microbiological response to the drug and its and side effects. Twelve newborn infants
with mean 31.8 + 3.5 weeks gestational age and median 1482 (810 - 3200) gram birth weight were included. 1112 (91.7%) patients showed
microbiological clearance with intravenous colistin. One patient who had recurrent cerebrospinal fluid positive culture was treated with
intraventricular colistin. The major side effects observed was hyponatremia and hypokalemia in 2 (16.6%) patients, all infants required
magnesium supplementation.

Conclusions: Intravenous colistin administration appears to be safe and efficacious for multidrug-resistant gram-negative infections in
neonates, including preterm infants. However, we believe that large prospective controlled studies are needed to confirm its efficacy and

safety in neonates.
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1. Background

Nosocomial infections represent a major problem in
neonatal intensive care units (NICUs). Broad-spectrum
antibiotics are commonly used since early diagnosis and
treatment is crucial. However, this situation leads to an
increase in multidrug resistant (MDR) microorganisms
(1-4). Especially, MDR gram-negative bacterial infections
appear as a significant cause of mortality and morbidity
in NICUs. The number of antibiotic options for the treat-
ment of these infections is limited (1, 2). The incidence of
nosocomial infections in NICUs range between 7% - 24% (3,
4). Acinetobacter baumannii, Klebsiella pneumoniae, Pseu-
domonas aeruginosa and Escherichia coli are considered
as the most frequent gram-negative agents (3). At the
same time, increasing rates of carbapenem resistance in
MDR gram-negative bacteria appears as a major problem.
In recent years, physicians have started to use colistin,
which is originally an old preparate, to treat nosocomial
infections due to MDR gram-negative bacteria (4).

Studies on parenteral use of colistin date back to 1970s.
However, as only high dose intramuscular injection was
possible in those years, higher rates of nephrotoxicity and

neurotoxicity have been reported (5). After intravenous
colistin treatment has become a common practice for the
treatment of critical patients with MDR gram-negative in-
fections after 2000s, researchers have realized that colistin
toxicity is not as high as initially considered and nephro-
toxicity is usually reversible (6-11). On the other hand, there
is limited data on the effectiveness and safety of colistin in
newborns and premature infants (1, 9-11).

2. Objectives

The aim of the present report is to present our experi-
ence on the effectiveness and safety of intravenous colis-
tin treatment for MDR gram-negative bacterial infections
in the NICU of Ataturk University Medical Faculty.

3. Patients and Methods

The NICU at our hospital is a tertiary intensive care
center with 50 bed capacity. Twelve infants who received
intravenous colistin treatment for MDR gram-negative
bacterial infections (all isolated microorganisms were
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resistant to aminoglycosides, quinolones, penicillins,
all cephalosporins and inhibitor combinations, mono-
bactams, and carbapenems) between January 2013 and
February 2014 were retrospectively evaluated. The retro-
spective study was approved by the ethics committee of
Faculty of Medicine of Ataturk University.

Standard definitions of center for disease control and
prevention (CDC) were used for nosocomial infection
(12). The definition of and diagnostic criteria for venti-
lator-associated pneumonia (VAP) were identical with
those of the CDC for infants less than 1year of age (12): the
time of mechanical ventilation > 48 hours, new or persis-
tent infiltrations on chest X-ray, worsening gas exchange
and at least three of the following: (a) temperature insta-
bility with no other recognized cause, (b) new onset of
purulent sputum, (c) increase in respiratory secretions
or increased need for suctioning, (d) WBC < 4,000/mm?
or > 15,000/mm?, (e) respiratory signs (apnea, tachy-
pnea, nasal flaring, retraction, wheezing, rales, or ronchi)
and bradycardia (< 100 beats/min) or tachycardia (> 170
beats/min). Severe sepsis was defined as sepsis with or-
gan dysfunction, hypoperfusion or hypotension. Infants
with gestational age less than 37 week were considered to
be premature.

Multidrug resistant (MDR) gram-negative bacteria were
isolated from catheter, cerebrospinal fluid (CSF), urine, tra-
cheal aspirate and blood samples which were sent to the
microbiology laboratory in the hospital and patients who
received intravenous colistin treatment for minimum 72
hours were included in the study. Prior to intravenous co-
listin treatment, blood, CSF, and urine cultures from all
patients were collected for analysis. For all patients, diag-
nosis, demographic features, source of resistance micro-
organism isolation, isolated microorganism, age at onset
of intravenous colistin treatment, other route of colistin
administration, duration of treatment, and outcome were
recorded. Before starting the colistin treatment informed
consent was obtained from all parents.

BACTEC 9240 (Becton-Dickinson, NJ) automated sys-
tem was used to isolate microorganisms from blood and
CSE. Positive cultures and samples for which this system
could not be used (catheter, tracheal aspirate, urine)
were inoculated on chocolate agar, blood agar (5% sheep
blood) and eosin-methylene blue agar. Gram staining
was performed on positive strains which were visible
after 24 hours to isolate gram-negative bacterial strains.
Strain identification and antibiotic susceptibility tests
were performed by using VITEK 2 GN and AST-N090 (bio-
Meérieux, Marcy I'Etoile, France) cards. Microorganisms
showing resistance to at least three different antibiotic
classes were defined as MDR.

All patients received intravenous colistin (5 mg/kg/day,
three times; colimycin (colistimethate sodium; Kocak
Farma, Istanbul, Turkey). Intraventricular colistin was ad-
ministered in a single dose (10 mg/day). To evaluate side
effects, kidney function tests (creatinine, blood urea nitro-
gen) and serum electrolyte levels (sodium, calcium, mag-

nesium, and potassium) were recorded before and after
the treatment. An increase of > 0.5 mg/dL in serum creati-
nine levels within 24 hours was considered as acute kidney
failure. Presence of apnea and convulsion were monitored
to evaluate the neurotoxic effects of intravenous colistin.
Antibiotic treatments that were used together with intra-
venous colistin were recorded. Treatment effectiveness
was evaluated according to microorganism growth in con-
trol cultures (blood, cathater, CSF, and tracheal aspirate)
taken at least 3 day after intravenous colistin treatment,
together with clinical and radiographic improvements.

4. Results

Twelve patients (8 girls, 4 boys) were included in the
study. 1(8.3%) patient was term, while 11 (91.7%) were pre-
mature. Mean gestational age was 31.8 + 3.5 weeks and
median birth weight was 1482 gram (810 - 3,200). 6 (50%)
patients underwent major surgical intervention for con-
genital anomalies (cystic adenomatoid malformation,
esophagus atresia, diaphragmatic hernia, CHARGE syn-
drome and hydrocephalus) and necrotizing enterocho-
litis (NEC). Among the remaining 6 patients, 1 (8.3%) pa-
tient was a term infant diagnosed with tricuspid atresia.
1(8.3%) patient was premature and diagnosed with Wil-
liams syndrome. The remaining 4 (33.3%) patients were
premature infants with a gestational age of 32 weekand a
birth weight of <1,500 gram.

Patients’ clinical features and isolated microorganisms
are presented in Table 1. K. pneumoniae was isolated from
blood cultures of 3 (25%) patients and tracheal aspirate
cultures of 3 (25%) patients; A. baumannii was isolated
from blood cultures of 1(8.3 %) patient, tracheal aspirate
cultures of 1 (8.3%) patient, urine culture of 1 (8.3%) pa-
tient and both blood and CSF cultures of 1(8.3%) patient;
P. aeruginosa was isolated from blood cultures of 2 (16.6
%) patients. All isolated microorganisms were resistant
to aminoglycosides, quinolones, penicillins, all cepha-
losporins and inhibitor combinations, monobactams,
and carbapenems. Using clinical and radiographic fea-
tures, 6 (50%) patients were diagnosed with severe sepsis,
4 (33.3%) patients with VAP, 1 (8.3%) patient with urinary
tract infection and severe sepsis and 1 (8.3%) patient
with meningitis and severe sepsis (Table 1). In addition
to the intravenous colistin, despite the resistance and
treatment failure, all patients continued to receive their
previous antibiotics (meropenem, ciprofloxacin, ami-
kacin) (Table 2). Averagely on postnatal day 34 + 16.6, in-
travenous colistin (5 mg/kg/day, 3 doses) treatment was
started. Control cultures were collected on day 4.5 (3 - 5
days) after treatment. MDR gram-negative bacterial in-
fection persisted in CSF culture of only 1 (8.3%) patient
who had hydrocephalus. This patient was operated for an
abscess which was detected during magnetic resonance
imaging. Afterwards, external ventricular drainage was
performed and the patient received intraventricular
colistin for 21 day in addition to intravenous colistin.
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Table 1. Clinical Features of the Patients @

Age at Onset of Duration of
. Gestational . . Intravenous Colistin  Intravenous Source of Micro- Isolated Micro-
Patient Primary Disease .. . . Outcome
Age, wk Treatment (Postna- Colistin organism organism
tal Days) Treatment, d
1 36 prem, CAM 18 26 TA K. pneumoniae Ex
2 33 DH, prem, VAP 15 9 TA A. baumannii Ex
3 31 prem, sepsis 26 12 Urine A. baumannii D/C
4 40 tricuspid atresia, 13 12 TA K. pneumoniae Ex
sepsis
5 32 prem, Charge 56 18 Blood P. aeruginosa Ex
syndrome
6 33 prem, hydro- 59 25 CSE-Blood A. baumannii D/C
cephalus
7 27 prem, operated 42 9 TA K. pneumoniae Ex
NEC, sepsis
8 33 prem, operated 33 21 Blood K. pneumoniae D/C
NEC, sepsis
9 32 prem, sepsis 51 21 Blood P. aeruginosa D/C
10 28 prem, sepsis, Wil- 10 8 Blood K. pneumoniae Ex
liams syndrome
11 29 prem, sepsis 41 21 Blood A. baumannii D/C
12 28 prem, sepsis 45 21 Blood K. pneumoniae D/C

2 Abbreviations: CAM, cystic adenomatoid malformation; D/C, discharged; DH, diaphragmatic hernia; Ex, exitus; NEC, necrotizing enterocholitis;
Prem, premature infant; TA, tracheal aspirate; and VAP, ventilator-associated pneumonia.

Table 2. Received Antibiotics Before and During Colistin Treat-
ment

Antibiotic Number of Patients
Meropenem 4
Meropenem + Amikacin 7
Ciprofloxacin + Amikacin 1

We used the dose of colistin recommended by the Infec-
tious diseases society of america in its 2004 guidelines,
of 10 mg/day (13). There was no growth on CSF culture on
day 4 of the treatment. There was no growth in control
cultures of other patients and sepsis findings of these pa-
tients improved. Microorganism growth was not present
in the other 11 (91.7%) control cultures. Clinical and radio-
graphic findings of these patients also improved intraven-
tricular.

Pretreatment median creatinine level was 0.4 (0.2-0.9),
while median creatinine level during treatment was 0.3
(0.2 - 0.7). There was a significant reduction in serum Na
and K levels in only 2 (16.6%) patients (minimum levels,
patient 11: Na =111 meq/L, K=2.9 meq/L, patient 12: Na =114
meq/L, K = 2.7 meq/L). During treatment, the minimum
median serum Mg level was 0.92 mg/dL (0.5 - 1.2). Other
serum electrolyte levels were in normal range. During
follow-up, apnea was observed in 4 patients (33.3%) with-
in the first 3 day after the onset of intravenous colistin
treatment. Convulsion was not observed in any patient
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except for one (8.3%) hydrocephalus patient, who had a
convulsion prior to treatment.

All patients received intravenous colistin treatment in
average 16.9 £ 6.2 day. One patient received intraventric-

ular colistin treatment for 21 day. 6 (50%) patients died.
Surviving 6 (50%) patients were discharged on postnatal
median day 81(41-120).

5. Discussion

Different clinical studies have shown that the effective-
ness of intravenous colistin on newborns and pediatric
age group ranges between 72% - 98% (10, 11, 14-17). Alan et
al. (11) evaluated 21 preterm infants, and reported that
13 (62%) infants received intravenous colistin treatment
for MDR A. baumannii growth in culture and 8 infants
received intravenous colistin empirically. The authors
stated that microorganism growth was present in con-
trol cultures of 4 (31%) patients and the treatment was 81%
effective. Jajoo etal. (9) reported that 18 preterm and term
infants received intravenous colistin treatment for MDR
gram-negative infections. After treatment, microorgan-
ism growth was present in control cultures of 4 patients
and they found the treatment was 76% effective. In the
present study, 91.7% (11/12) of the patients were premature.
MDR gram-negative microorganism growth was present
in all cultures. Control cultures showed microorgan-
ism growth only in a CSF culture of a premature infant
(8.3%) who had hydrocephalus and ventriculo-peritoneal
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shunt. The patient received intraventricular colistin for
21 days in addition to intravenous colistin. There was no
growth on CSF culture on day 4 of the treatment. There
was no growth in control cultures of other patients and
sepsis findings of these patients improved. In the present
study we found that intravenous colistin was 91.7% (11/12)
effective.

According to the literature, 5% - 25% of intravenous
colistin crosses into the CSF and this rate does not ex-
ceed 25% even in meningitis patients with disrupted
blood-brain barrier (18, 19). Efficacy of intrathecal and
intraventricular colistin treatments was reported in
various studies (20, 21). However, in the literature, data
regarding intraventricular colistin usage in the neo-
natal period are very limited. Alaoui et al. (2) reported
that ventriculitis and meningitis in a four-day-old term
neonate with meningomyelocele were treated success-
fully with intraventricular colistin. To the best of our
knowledge, our patient represents the second newborn
infant that was treated with intraventricular colistin.
The absence of meningitis in 11 (91.7%) patients who
had negative control cultures could be the underlying
reason for high treatment success in the present study.
Alan et al. (11) reported that inhaler colistin treatment
led to recovery in case of a patient who had ongoing
microorganism growth in endotracheal aspirate cul-
ture. The source of microorganism growth, therefore
the distribution of intravenous colistin throughout the
body should be considered when evaluating effective-
ness in treatment. When needed, other routes of colis-
tin administration (intratracheal, intraventricular, and
inhaler) should be used.

Currently, the safe dose of intravenous colistin in new-
borns and preterm infants is not known. However, accord-
ing to the multicenter studies in recent years, 2.5 - 5 mg/kg/
day and 5.4 £ 0.6 mg/kg/day doses are safe in the pediatric
age group (22, 23). Jajoo et al. (9) reported using 50,000 -
75,000 IU/kg/day (1 mg colistimethate sodium =12,500 IU)
in newborns and preterm infants, while Alan et al. (11) re-
ported using 2.5-5 mg/kg/day. In the present study, intrave-
nous colistin was used in 5 mg/kg/day dose for all patients.
Intraventricular colistin was administered in a single dose
of 10 mg/day according to the guideline of infectious Dis-
eases society of america in 2004 (13).

Previous studies have reported that the use of carbape-
nem, ciprofloxacin, ceftazidime, or aminoglycoside-class
antibiotics, together with colistin treatment, produces
a synergistic effect (24-26). Similarly, despite the devel-
opment of resistance to these antibiotics in the present
study, the patients continued to receive their previous
antibiotics treatment during the colistin therapy (Table
2).These antibiotics were not effective alone according to
antibiogram results and the clinical situation of patients
before the colistin treatment.

Nephrotoxicity is the most frequent side effect of intra-
venous colistin (27). According to recent studies, the inci-
dence of kidney function impairment due to intravenous

colistin treatment ranges between 7.5% - 18.6% (10, 28,
29). However, it should be considered that intravenous
colistin treatment, similar to other nephrotoxic drugs,
can lead to conditions including infection, septic shock,
and multiple organ failure. Therefore, it is difficult to
state the nephrotoxicity rates due to intravenous colistin
treatment alone (9). In the present study, increased cre-
atinine levels were not observed in any patient. However,
marked hyponatremia and hypokalemia were observed
in 2 (16.6%) patients. Electrolyte imbalance in these pa-
tients improved with supportive care. At least one Mg re-
placement was performed for all patients who received
intravenous colistin. Cakir et al. (30) reported that hypo-
kalemia, hypocalcemia, hypomagnesemia and metabolic
alkalosis development in a premature infant after intra-
venous colistin treatment and this clinical condition re-
sembled Bartter-like syndrome. Alan et al. (11) reported
that hypomagnesemia persisted despite Mg replacement
and 52% of the patients required potassium replacement.
According to the literature, electrolyte imbalances due
to intravenous colistin treatment can be managed with
replacement therapies and are reversible (11, 30). In the
present study, intravenous colistin treatment was not
discontinued due to electrolyte imbalance and the pa-
tients were followed up with replacement therapy. At the
end of the treatment, kidney damage was not observed
in any patient.

Previous studies have reported neurological side ef-
fects due to intravenous colistin treatment, including
peripheral and orofacial paresthesia, visual impairment,
vertigo, mental confusion, ataxia and convulsion (31). In
the present study, convulsion was not observed except for
one (8.3%) patient who had hydrocephalus and an exist-
ing convulsion prior to treatment. Apnea was observed
during the first three days of intravenous colistin treat-
ment in 4 (33.3%) patients who had extremely low birth
weight and severe sepsis. It is hard to distinguish neuro-
logical symptoms in newborns and especially premature
infants as they are immature. In addition, because previ-
ous diseases can cause similar symptoms, it becomes dif-
ficult to gain information on neurological side effects of
intravenous colistin in this age group (11). While our pa-
tients’ symptoms did not appear as side effects of intrave-
nous colistin treatment, we believe that stating whether
findings such as convulsion and apnea are due to intrave-
nous colistin treatment or not, will not provide accurate
information.

Alan et al. (11) reported that the mortality rate was 4/21
(19%) and three of them had positive postmortem cultures
with A. baumannii. 6 (50%) patients died in the present
study. 2 (16.6%) of these patients deceased due to congeni-
tal heart disease (tricuspid atresia, Wiliams syndrome), 2
(16.6%) patients due to pulmonary hypoplasia (operated
for diaphragmatic hernia, operated for cystic adenoma-
toid malformation), 1(8.3%) patient due to operated NEC
and postoperative complications. 1 (8.3%) CHARGE syn-
drome patient who was operated for choanal atresia and
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tracheoesophagial fistula died before discharge due to
aspiration pneumonia. In case of all deceased patients,
microorganism growth was not observed in control cul-
tures after intravenous colistin treatment.

Our study has some limitations. The study was designed
retrospectively with lack of a control group. It is only a
report of a case series. So, we believe that further random-
ized controlled studies are needed.

In conclusion, our results suggest that intravenous co-
listin treatment is effective and safe for the treatment of
MDR gram-negative infections in newborns and prema-
ture infants with culture proven sepsis. However, phar-
macokinetic and pharmacodynamic studies are required
to determine the optimal dose in this age group.
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