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ABSTRACT

Purpose: Neonatal meningitis and ventriculitis still remain a problem with high mortality in spite of systemic and
intraventricular antibiotics. Ventriculitis due to repeated taps is a serious problem of posthemorragic hydrocephalus in
preterm infants.

Materials and Methods: In this study, we evaluated 16 infants with ventriculitis followed at Cukurova University Faculty
of Medicine Neonatal Intensive Care Unit between January 1999-December 2004.

Results: Mean gestational week was 33+ 5 (25-40) weeks and mean birth weight was 2096 + 912 (980-3500) grams.
Venticulitis was diagnosed at 38 + 22 days. Eleven of the infants had intraventricular hemorrhage and 15 had
hydrocephalus, 5 of whom had congenital hydrocephalus. Drainage of CSF was performed by taps in 13 infants. Gram
negative microorganisms (Klebsiella pneumonia, Pseudomonas aeruginosa) were predominating in cultures. Both
intravenous and intraventricular antibiotic treatment was performed according to the cerebrospinal fluid cultures.
Vancomycine and amicasine as intraventricular therapy were performed for 28 +17 days. Cerebrospinal fluid protein
levels increased significantly at 8 infant during intraventricular therapy. Mean cerebrospinal fluid protein at the begining
of intraventricular treatment was 624.1+ 429.1 (109-1330) mg/dl while on 14th day of treatment it was 993.7+ 582.2 (89-
1750) mg/dl. Seven of the infants were ventriculoperitoneal shunted 6 of them were reinfected. Seven of the infants
were died during treatment, 1 infant with ventriculoperitoneal shunt was treated and 8 infants were discharged during
treatment because of parents’ refusal of therapy.

Conclusion: Despite the new treatment regimens, the ventriculitis still remains a problem because of nonstandardized
practice in neonatal care.
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OZET

Amagc: Neonatal menenjit ve ventrikilit, sistemik ve intraventrikller antibiotik tedavilerine ragmen hala ylksek mortalite
oranlarina sahip problemlerdir. Preterm infantlarda posthemorajik hidrosefali ciddi bir problem olmakla beraber
tekaralanan ventrikiler girisimlerde ventrikilit olusumuna neden olmaktadir.

Materyal ve Metod: GCalismamizda Cukurova Universitesi Tip Fakiiltesi yeni dogan yogun bakim iinitesinde Ocak 1999-
Aralik 2004 tarihleri arasinda takip edilen ve ventrikiilit tanisi konulmus 16 yenidogan degerlendirilmistir.
Bulgular:Ortalama gebelik haftasi 335 (25-40) hafta ve ortalama dogum agirligi ise 2090+912 (980-3500) gramdi.
Ventrikulit tanisi yaklasik 38+22. glinlerde konuldu. 11 infantta intraventrikiler hemoraj ve 15 infantta hidrosefali vardi ki
bunlarin 5 tanesi konjenital hidrosefalidir. 13 infantta serebrospinal sivi (BOS) taps ile drene edildi. Kultiri yapilan
sivida GR(-) bakteriler (klebsiella pnémoni, Pseudomonas auroginasa) baskin olarak bulundu. BOS kultir sonuglarina
gore intraventrikiler ve intravendz tedavi yontemi uygulandi. 28+17 gun intraventrikiler olarak vankomisin ve amikasin
tedavisi uygulandi. intraventrikiiler tedavi sirasinda 8 infanta ait BOS proteinleri seviyelerinde artiglar gériiimistiir.
intraventrikiiler tedaviye baslarken BOS protein miktari ortalama 624,1+429,1 (109-1330) mg/dl iken tedavinin 14. giini
bu oran 993,7+582,2 (89-1750) mg/dl olmustur. Ventrikuloperitoneal santi olan 7 infanttan 6 sinda enfeksiyon tekrari
gézlenmistir. infantlarin 7 si tedavi sirasinda yasamini yitirmistir, ventrikiiloperitoneal santi olan 1 infant tedavi edilirken,
ailesi tedaviyi reddeden 8 infant taburcu edilmistir.

Sonug: Yeni tedavi metodlarinin gelistiriimesine ragmen, ventrikilit neonatal bakimda belirli bir standardizasyon
olmamasinda 6tiri halen énemli bir problemdir.

Anahtar Kelimeler: Ventrikilit, neonatal
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INTRODUCTION
Neonatal meningitis and ventriculitis still

remain a problem with high mortality in spite of
systemic and intraventricular antibiotics.
Ventriculitis especially due to repeated tap or
external drainages is a serious complication of
posthemorrhagic hydrocephalus in preterm infants.
Multiple ventricular obstructions, may isolate
portions of lateral ventricles or the fourth ventricle,
cause disportionate, severe dilatation of affected
ventricle and produce a difficult therapeutic
probleml. In these cases, drainage has to remain
in place until physiological cerebrospinal fluid
(CSF) circulation is restored or an internal shunt
can be inserted. On the other hand
hematogeneously born bacteria localize first in
choroid plexus, cause choroids plexitis with
subsequent entrance of bacteria into ventricular
space. Ventricle may be major reservoir for
bacterial infection. Treatment of ventriculitis
remains controversial®®**>®.  The relationship
between intraventricular therapy and prognosis
has been investigated by many researchers’®®.
However few studies have examined the prognosis
of ventriculits in neonates®®™.  Although
considerable research has been devoted to
intraventricular therapy in adulthood especially
after neurosurgical operations, rather less attention
has been paid to neonates*****. This retrospective
study was designed to evaluate the infants with
ventriculitis and intraventricular treatment for
ventriculitis in Newborn Intensive Care Unit.

MATERIAL and METHODS

The medical records of all newborn infants
admitted to the Neonatal Intensive Care Unit
(NICU), Cukurova University Faculty of Medicine,
between January 1999 and January 2005 who
developed ventriculitis were reviewed. Data
pertaining to maternal history, ante partum events,
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gestational age, birth weight, gender, Apgar
scores, use of antenatal betamethasone, presence
of mechanical ventilation therapy, intraventricular
hemorrhage, hydrocephalus, and time of the
diagnosis  of intraventricular hemorrhage,
hydrocephaly and ventriculitis, empirical antibiotic
usage at the time of diagnosis of ventriculitis,
intraventricular  antibiotic therapy, results of
cerebrospinal fluid (CSF) cultures, antibiotics used
for ventriculitis, biochemical analysis of CSF at the
time of diagnosis of ventriculitis and at 14th day of
treatment,  duration  of intravenous and
intraventricular antibiotic therapy, time of reservoir
implanting, and ventriculoperitoneal shunts and
of patients collected
retrospectively. Intraventricular hemorrhage was
graded as suggested by Papile et al*.

Repeated lumbar punctures (LP)
performed for communicating hydrocephaly; and
ventricular tap, external drainage or reservoirs
were performed for noncommunicating
hydrocephaly. Ventriculitis was diagnosed if there
was persistence of infection in lumber CSF after 4
days of appropriate treatment or clinical
deterioration or failure of clinical improvement,
even with improvement of CSF pleocytosis and
CSF sterilization”.

outcomes were

were

Ventriculostomy, usually through reservoir
was indicated when the ventricular tap
demonstrates purulent fluid with persistent

infections. Intraventricular antibiotic treatment was
started when the CSF pleocytosis and high protein
levels continue after 4 days of appropriate
intravenous antibiotic treatment. The dose of
intraventricular vancomycine was 20 mg/day for
once®, amicasine 10 mg/day twice’ and
tobramycine 5  mg/kg/day™.
antibiotics continued until pleocytosis disappeared.

Statistical analysis: Data was analysed by
using the SPSS-X 11 for Windows. Results are
given as mean + standard deviation.

Intraventricular
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RESULTS

Of 3852 patients hospitalized in NICU 58
were diagnosed hydrocephalus and in this study
16 infants with ventriculitis were evaluated.
Thirteen of the infants were male. Mean
gestational age was 33+ 5 (25-40) weeks and
mean birth weight was 2096 + 912 (980-3500)
grams, 11 of the infants were premature; 7 were
very low birth weight (VLBW) infant. Mean Apgar
scores at 1st and 5th minutes were 5.1 + 1.2 (3-6)
and 7.4 + 1.4 (5-9). Twelve infants had mechanical
ventilatory therapy. Eleven preterm babies had IVH
and posthemorrhagic hydrocephaly was diagnosed
at 23 £ 10 (6-23) days. Two of the term infants had
noncommunicating hydrocephaly and 3 of them
had communicating hydrocephaly. Drainage of
CSF was performed by ventricular taps in 13
infants. All of the infants were having empirical or
culture dependent antibiotics during diagnosis of
ventriculitis. Ventriculitis was diagnosed at 38.5+
22.8 (13-90) days of hospitalization.
negative microorganisms (Klebsiella pneumonia,

Gram

Pseudomonas aeruginosa) were predominating in
CSF cultures. Both intravenous and intraventricular

Table 1: Properties and CSF findings of the patient

Neonates with Ventriculitis

antibiotic treatment were performed after the
diagnosis  of Vancomycine and
amicasine as intraventricular therapy were
performed for 28 +17 days. Intraventricular
tobramycine and gentamycine were used only in

ventriculitis.

two patients who had persistence of ventriculitis in

spite of intraventricular vancomycine and
amicasine treatment. Mean cerebrospinal fluid
protein at the beginning of intraventricular

treatment was 624.1+ 429.1 (109-1330) mg/dl
while on 14th day of treatment it was 993.7+ 582.2
(89-1750) mg/dl. Cerebrospinal fluid protein levels
increased significantly at 8 infant during
intraventricular therapy. But increased protein was
not significantly correlated with mortality and
morbidity (p>0.05). Ventriculoperitoneal shunt was
performed to seven of the infants and six of them
were reenfected at 4.2 +1.2 days of operation and
one infant with non-reenfected ventriculoperitoneal
shunt was treated. Reenfected 6 infants had
appropriate intravenous antibiotic treatment. Seven
of the infants died, and eight
discharged during treatment because of parents
refusal of therapy.

infants were

At the time of At 14th day of
ventriculitis diagnosed | ventriculitis treatrment

patient | gender | GA BW (gr) | IVH Time of CSF CSF cells | CSF protein | CSF Duration of V-P shunt
s (weeks) diagnosis protein QNBC/mm (gr/dl) cells intraventricul | application

of (gr/dl) ) (WBC/m | ar treatment

ventriculitis m) (days)

(days)
1 f 38 2270 absent 129 100 134 40 present
2 m 40 3160 absent 35 105 1000 5 present
3 m 29 1420 absent 37 1186 250 1750 80 40 present
4 m 34 3120 absent 29 709 1000 951 1000 32 present
5 m 29 1200 present | 16 806 1000 1253 1000 66 absent
6 m 40 2980 present | 13 82 100 absent
7 m 40 3060 absent 27 353 0 555 200 23 absent
8 m 25 1190 present 79 100 89 0 14 absent
9 f 36 1960 present | 35 2469 0 1024 0 28 absent
10 m 29 1380 present | 51 1330 160 1457 180 20 absent
11 f 38 3500 absent 43 228 20 368 40 20 present
12 m 30 1340 present | 21 618 1100 646 180 60 absent
13 m 41 3180 present | 90 206 30 137 40 20 present
14 m 28 980 present | 31 109 1000 673 50 38 absent
15 m 32 1530 present | 28 300 150 1527 80 22 absent
16 m 28 1270 present | 84 597 1000 300 40 12 present
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DISCUSSION

High risk for intraventricular hemorrhage in
preterm infants predisposes ventriculitis in this age
group as these infants mostly need ventricular
drainage for hydrocephaly. Either ventricular tap,
lumbar puncture or external ventricular drainage of
CSF have been indicated in acute hydrocephaly
after intraventricular bleeding or infection and risk
of bacterial meningitis and ventriculitis increased™®.
In this study group most of the patients (11/16),
predominatly preterm infants, had ventriculitis after
posthemorragic  hydrocephalus  during CSF
drainage with tap or LP. Also in other reports
preterm infants were forming the study group®*2.

The pathogenesis of ventriculitis is discussed
on the basis of the histomorphological structure
ependyma, the subependymal tissue and the
glycogen rich choroid plexus at the first few weeks
after birth. It seems that this structure facilitates
local growth and act
reservoir, relatively resistant to antimicrobial
therapyg. High glycogen content of neonatal
choroid plexus is an excellent medium for bacteria.
This can be the cause of resistance to therapy.

Clinician has to suspect ventriculitis if poor
clinical and laboratory results responding to usual
therapy exist, critically ill patient with convulsion
and bulging fontanel, and growth of unusual
microorganisms in culture. Also CSF from
ventricular puncture with more than 150 WBC,
glucose less than 50 mg/dl and protein more than
200 mg/dl doubt for ventriculitis'’. Infants in this
study had increased CSF protein and wbc, clinical
detoriation like apnea and convulsions. The
diagnosis of ventriculitis in preterm neonates with
posthemorrhagic hydrocephaly can be difficult
because CSF findings in these patients are often
abnormal even in the absence of infection™®. Many
of the patients have high protein levels in CSF and
pleocytosis in absence of CSF culture growth. CSF
pleocytosis, decreased glucose and increased
protein levels may result from intraventricular
hemorrhage (IVH) and can also be found in

bacterial as bacterial
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patients with shunt dysfunction but without
infection™. In this study group most of the patients
developed ventriculitis after posthemorrhagic
hydrocephaly so effect of treatment was difficult to
interpret because of pleocytosis and high protein
levels without culture positivity. The most
commonly encountered bacteria are staphylococci
and enterobacteraceae with a high percentage of
coagulase-negative staphylococci in
ventriculostomy associated ventriculitis. But also
gram negative bacili are commonly isolated in CSF
shunt infections®. In our study group Klebsiella and
Pseudomonas
microorganisms in CSF cultures.

The goal of treatment in neonatal ventriculitis
should be directed to achieve a high concentration
of antimicrobial concentration of antimicrobial
agent in the mentioned tissue. There are many
reports suggesting intraventricular route for
applying antimicrobial therapy®®**?**# Despite, in
some other reports, the use of intraventricular
antibiotics in addition to intravenous antibiotics

were most common isolated

resulted in increased mortality compared to
standard treatment with intravenous antibiotics
alone’. On the other hand intraventricular

installation of antibiotic appears to be beneficial in
selected cases’. Intraventricular vancomycine with
amicasine are accompanied with appropriate
intravenous antibiotics. Intraventricular application
of vancomycine is an effective treatment especially

in drainage associated staphylococcal
ventriculitis”®. Despite relatively high levels of
vancomycine in the cerebrospinal fluid, no

evidence of toxicity was seen®. In this study, during
hospitalization toxic signs of vancomycine were not
detected however blood vancomycine levels could
not checked. Within the confines of this study, it
has been impossible to check ototoxicity of
vancomycine and amicasine in each patient
because of the parents insisting on discharging
and noncontuining to policlinic controls. Also
aminoglycosides; gentamicine, tobramycine and

amicasine are appropriate alternatives for
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intraventricular therapy”****#*. On the other hand
ventricular pleocytosis was directly correlated and
glucose levels were inversely correlated with
penetration of amicasine (23). Despite parenteral
and intralumbar antibiotic therapy, clinical and
autopsy data indicate that ventriculitis persists®’.

In summary, improved survival of low birth
weight, premature babies have increased the
incidence of posthemorrhagic hydrocephaly in
premature infants. Ventriculitis is a serious
complication of ventricular or lumbar taps. Aim has
to prevent IVH in premature babies. Effect of
intraventricular antibiotic treatment could not be
demonstrated in this study.
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