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Abstract

In recent years, multidrug-resistant
microorganisms appear as important nosoco-
mial pathogens which treatment is quite diffi-
cult. As sufficient drug levels could not be
achieved in cerebrospinal fluid during intra-
venous antibiotic therapy for central nervous
system infections and due to multidrug-resis-
tance treatment alternatives are limited. In
this study, four cases of central nervous system
infections due to multidrug-resistant microor-
ganisms who were successfully treated with
removal of the devices and intraventricular
ciprofloxacin are presented. In conclusion,
intraventricular ciprofloxacin can be used for
treatment of central nervous system infections
if the causative microorganism is sensitive to
the drug and no other alternative therapy is
available.

Introduction

Increasing prevalence of multidrug-resis-
tant (MDR) microorganisms has led to a rise
in clinically significant nosocomial infections
with these organisms and an increasing thera-
peutic difficulty. Central nervous system
(CNS) infections are even more difficult to
treat due to difficulty of reaching therapeutic
drug concentrations in the cerebrospinal
fluid.1

The recommended treatment in CNS shunt
infections is similar to the treatment in bacte-
rial meningitis. The specific indications of
intraventricular treatment are not well-
defined.2 However, intraventricular (IVT)
treatment might become necessary in cases in
which infected shunt could not be removed or
bacterial eradication could not be achieved
with intravenous therapy.2-4 Theoretically
higher levels of antibiotics could be achieved
by direct administration of antibacterial
agents into the ventricle. Although fluoro-

quinolones have potential side effects, they are
important drugs in treatment of numerous
MDR life-threatening infections. In the pres-
ent article four cases of CNS infections caused
by MDR microorganisms, one of them related
with ventriculoperitoneal (V-P) shunt and one
of them related with external ventricular
drainage (EVD) tube, who were successfully
treated with IVT ciprofloxacin are presented.
In our cases, inspite of removal of the devices
and systemic antibiotic therapy, bacterial
growth continued in cerebrospinal fluid (CSF)
cultures and IVT ciprofloxacin was adminis-
tered and rapid bacterial irradication was
achieved and no side effects were observed
during and after treatment.

Case Report #1

A thirty-days-old male infant admitted to the
hospital with the complaints of fever,
decreased sucking and restlessness. In history,
V-P shunt was placed at 23rd day of birth
because of hydrocephalus. His CSF samples
showed abundant leukocytes and gram nega-
tive bacilli. CSF glucose level was 3 mg/dL, and
protein level was 197 mg/dL. The patient was
diagnosed as V-P shunt infection, therefore
shunt was removed and EVD was placed.
Meropenem was started as empirical antibiotic
therapy. Cerebrospinal fluid culture revealed
extended spectrum beta-lactamase (ESBL)
producing Klebsiella pneumoniae which was
sensitive to meropenem, amikacin and
ciprofloxacin. Klebsiella pneumoniae was per-
sisted in CSF at 8th day of IV meropenem treat-
ment, so IVT ciprofloxacin (1 mg/kg/day) was
added to treatment. CSF cultures remained
sterile 48 hours after addition of IVT
ciprofloxacin. Improvement was observed in
both clinical findings and CSF findings of the
patient after 6 weeks’ meropenem and 3
weeks’ IVT ciprofloxacin therapy. V-P shunt
was re-placed and the patient was discharged. 

Case Report #2

A two-months-old male infant transferred to
our hospital because of Pseudomonas aerugi-
nosa meningitis unresponsive to intravenous
meropenem (3 weeks), piperacillin (3 weeks),
ciprofloxacin (8 days) and amikacin (8 days)
combination therapies. Upon admission CSF
glucose level was 0 mg/dL, protein level was
128 mg/dL and there were 100 cells/mm3 in
microscopic examination. CSF culture
revealed P. aeruginosa which was resistant to
all antibiotics except ciprofloxacin and col-
istin. EVD tube was inserted due to hydro-
cephalus. Intravenous ciprofloxacin and

meropenem therapy were started in accor-
dance to the microbiological synergy test
results. Since that time colistin was not avail-
able in our country. For this reason, IVT
ciprofloxacin (1 mg/kg/day) was also started
via EVD tube. CSF cultures remained sterile
after 8 weeks of intravenous meropenem and
ciprofloxacin and 25 days IVT ciprofloxacin
therapies. The patient was discharged after V-
P shunt insertion.

Case Report #3

A nine-years-old female who had cyanotic
congenital heart disease transferred to our
hospital because of brain abscess unrespon-
sive to vancomycin, cefotaxime and
metranidazole combination therapy for 3
weeks. Upon admission, there was no leuko-
cyte in direct examination of CSF and no bac-
teria on gram staining. CSF protein level was
64 mg/dL, glucose level was 69 mg/dL. On
echocardiography a vegetation on tricuspit
leaflet was detected. Cranial abscess was
drained surgically and EVD tube was inserted.
Antibiotic therapy was changed to intravenous
ceftriaxone, metranidazole and IVT gentam-
icin, emprically. Blood, CSF and brain abcess
cultures remained sterile. At the 14th day of
therapy the patient had clinical worsening.
CSF glucose level was 38 mg/dL, protein level
was 94 mg/dL and there were 130
leukocytes/mm3 in microscopic examination.
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Vancomycin-resistant Enterococcus feaceum
was isolated in CSF and blood cultures and
then according to the antibiotic susceptibility
test results ciprofloxacin [intravenous and IVT
(1 mg/kg/day for ten days)] and tetracycline
(PO) therapies were started with the diagnosis
of medical device-associated meningitis. At
that time linezolid was not available in our
country. During follow-up, her clinical condi-
tion was improved and CSF and blood cultures
remained sterile. Antibiotic therapy was con-
tinued up to 6 weeks. The vegetation on tricus-
pid valve got smaller and became calcified. The
brain abscess completely regressed. V-P shunt
was inserted due to hydrocephalus and she
was discharged. 

Case Report #4

A fifty-three-days old male infant admitted
to our hospital with the complaints of
decreased sucking and awareness. In history,
he had an operation for meningomyelocele on
the second day of his life. On admission CSF
glucose level was 1 mg/dL, protein level was
180 mg/dL and there were 500 leukocytes/mm3

on microscopic examination. Because of
hydrocephalus was noticed EVD tube was
inserted. Vancomycin and meropenem combi-
nation therapy was started. P. aeruginosa was
isolated in CSF culture and vancomycin thera-
py was stopped. P. aeruginosa was persisted in
CSF cultures at the 5th day of antibiotic thera-
py, therefore ciprofloxacin [intravenous and
IVT (1 mg/kg/day)] was added to IV meropen-
em therapy according to the antibiotic suscep-
tibility test results. CSF cultures remained
sterile after 3 weeks intravenous and 10 days
IVT ciprofloxacin therapies. 

Discussion and Conclusions

The principles of antimicrobial treatment
for CSF shunt infections are mostly the same
as those for the treatment of acute bacterial
meningitis. Management of CNS shunt infec-
tions should include removal of the infected
device, external drainage, parenteral appropri-
ate antibiotics, and shunt replacement once
the CSF is sterile.2 IVT antibiotic therapy
might become necessary in cases unrespon-
sive to intravenous therapy and presence of
highly resistant organisms sensitive to antibi-
otics with poor CSF penetration.2-5 No antimi-
crobial agent has been approved by the US
Food and Drug Administration for IVT use.
However recommended antimicrobial agents
that are administered by intraventricular route
are: Gentamicin, Amikacin, Colistin,
Teicoplanin, Vancomycin, Polymyxin B,

Tobramycin.2 Bactericidal antibiotics with
good CSF penetration should be chosen in
treatment of CNS infections. Prolonged hospi-
talization and inappropriate antibiotic selec-
tion provide a basis for multidrug-resistant
infections. Schönvald et al. showed, 18 adult
patients who had gram negative bacterial
meningitis, had treated successfully with
intravenous ciprofloxacin.6 The use of
quinolones is not preferred in children due to
their potential side effects. However it is
reported that quinolones could also be used in
children with some restricted indications such
as chronic recurrent pyelonephritis, CNS
shunt infections, exacerbations of cystic fibro-
sis.7-9 Because these agents have not been
studied in infants and children with bacterial
meningitis, they should only be considered in
these patients who are not responding to stan-
dard therapy.

In the literature, there are several reports
that intravenous quinolones are successfully
used in children with meningitis.10-12 However
we have only found two reports about IVT
ciprofloxacin therapy in children and also in
adults. In one of them with the diagnosis of V-
P shunt meningitis, IVT ciprofloxacin had to be
stopped because of myoclonic convulsion was
observed.13 In the second report, two infants
with the diagnosis of ventriculitis were treated
with IVT ciprofloxacin sucessfully.14

External ventricular drainage tube place-
ment enables decreasing intracranial pressure
and monitorization of the infection markers.
To provide bacterial eradication, it is necessary
to have drug concentration in CSF being 10
fold more than the MIC value of the pathogen.
Penetration of antibiotics could be insufficient
due to the occlusions within the ventricle
caused by the inflammation, so higher levels of
drug could be achieved by direct administra-
tion of the drug into the ventricle. There is no
standardized approach to IVT antibiotic dos-
ing.15-16 However IVT drug doses are deter-
mined empirically as there is no enough study
investigating the pharmacokinetics and phar-
macodynamics of the drugs being adminis-
tered by this route. According to limited num-
ber of studies, IVT antibiotics should generally
be administered once a day and then EVD
should be closed for 30-60 minutes. In our
cases because of the lack of studies, we admin-
istered the ciprofloxacin 1 mg/kg once a day
intaventricularly and EVD was closed for one
hour. 

In our four cases with CNS infections
ciprofloxacin therapy was administered
according to the antimicrobial susceptibility
test results and absence of improvement by
standard antibiotic therapies. Multidrug-resis-
tant gram negative microorganisms were
causative agent in three of them and
Enterococcus faecium was the causative agent
in one case. 

Optimal therapy for vancomycin-resistant E.
faecium meningitis has not been well estab-
lished. Intravenous linezolid is an acceptable
antibiotic choice.17 This problem underscores
the need to investigate new combinations of
effective therapy. Landman et al. found that
combinations of ciprofloxacin plus ampicillin
or novobiocin have significant in vitro activity
against many multidrug-resistant
enterococci.18 We had administered
ciprofloxacin and tetracycline combination
therapy successfully. At that time linezolid was
unavailable in our country, for this reason we
could not administer that agent.

Shunt infections with more virulent
pathogens such as gram-negative bacilli war-
rant longer therapy; at least 14 to 21 days.2 The
optimal duration of treatment of meningitis
with quinolones is unknown. For this reason
we have preferred longer therapy for our
patients.

As a conclusion, IVT ciprofloxacin therapy is
an important novel approach to treat CNS
infections with multidrug-resistant microor-
ganisms. 
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