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SUMMARY

Introduction Intraventricular hemorrhage occurs in almost one fifth of prematurely born children. Due to
present complications, such as hydrocephalus and neurological deficit, it endangers the child’s life, therefore
there is the need for understanding and prevent risk factors as well as the need for finding most optimal
methods of treatment.

Objective The aim of the study was to point out the current therapeutic modalities of the treatment of
posthemorrhagic hydrocephalus in prematurely born children.

Methods The study included 60 patients divided into two groups of 30 patients treated at the University
Children’s Hospital of Belgrade in the period 2003-2008.

Results Treatment outcome of the control group of patients treated by standard methods was influenced
by gestational age (p=0.024), head circumference on birth (p=0.043), body mass on birth (p=0.006), Apgar
score on birth (p<0.001), peripartum asphyxia (p<0.001), cardiorespiratory arrest (p<0.001), respiratory
distress (p=0.002) and intraventricular hemorrhagic grade (p<0.001). As statistically significant predictors
of the poor treatment outcome of the experimental group of patients treated by using Ommaya reservoir
were identified: low body mass on birth (p<0.05), low Apgar score (p<0.05), prolonged number of days on
assisted ventilation (p<0.05), presence of peripartum asphyxia (p<0.05) and cardiorespiratory arrest (p<0.05).
Conclusion No statistically significant difference was detected in the outcome between the patients treated by
the standard method and those with installed Ommaya reservoir. However, the difference of 10% in mortality
between the two groups may be clinically significant so that further studies of larger samples are necessary.
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INTRODUCTION

Posthemorrhagic hydrocephalus (PHH) repre-
sents a serious complication in prematurely born
children due to its association with a high degree
of mortality and morbidity. Due to the continu-
ous progress of intensive care in the last 20 years
there has been a progressive decrease of the inci-
dence of intraventricular hemorrhage in prema-
turely born children, so that it is now estimated
to be 15-25% as compared with 39-49% in the
late seventies [1, 2]. In a significant number of
newborns intraventricular hemorrhage (IVH) is
complicated by hydrocephalus which is consid-
ered to occur as the consequence of the obstruc-
tion of cerebrospinal fluid drainage by multiple
small blood clots and cerebrospinal fluid paths
and arachnoidal uvulas. The final outcome of
chronic arachnoiditis involves the development
of permanent hydrocephalus with destruction of
paraventricular white matter and poor prognosis
of psychomotor development [3].

There is still no agreement on the protocol
for the treatment of newborns with posthemor-
rhagic ventricular dilation. For the time being,
attempts with medication treatment with diu-
retics (acetazolamide and furosemide) have not

shown to be effective in decreasing mortality,
and may lead to complications such as electro-
Iytic disbalance and nephrocalcinosis [4, 5]. Re-
peated lumbar punctures represent the first and
most frequently applied neurosurgical proce-
dure in these patients, although there are differ-
ent opinions about its efficacy [6, 7, 8]. Another
option represents the repetition of ventricular
puncture but which may lead to complications
such as bleedings and infections and thus it can-
not be recommended as a long-term solution [9].

The subcutaneous Ommaya reservoir was ini-
tially used in 1960 for intraventricular application
of medicaments in adults. However, since 1980 it
has been used for evacuation of the cerebrospinal
fluid in prematurely born children with PHH [9,
10]. This method also has its advocates as well as
opponents stating that there are no advantages in
comparison to other methods of treatment [11].

OBJECTIVE

The aim of this study was to point out to the
current therapeutic modalities of treatment of
posthemorrhagic hydrocephalus in prematurely
born children.
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METHODS

The study was designed as partly retrospective (control group,
classical treatment methods) and partly prospective (experi-
mental group where the Ommaya reservoir was installed).
The first group — control, consisted of 30 patients who were
treated medicamentously by repeated lumbar or ventricular
punctures or by insertion of ventriculoperitoneal (VP) shunts
in the period from 2003-2005 at the University Children’s
Hospital of Belgrade. The second group — experimental con-
sisted of 30 patients treated by subcutaneous placement of
the Ommaya reservoir in the period from 2006-2008 in the
University Children’s Hospital in Belgrade. The criteria for in-
clusion into the study were the diagnosis of posthemorrhagic
hydrocephalus diagnosed by ultrasound examination (US).
In the experimental group of patients the Ommaya reservoir
(Meditronic Co.) was installed in the operation theater and
connected to ventricular catheter placed in the right frontal
horn of the lateral ventricle. Regulating hydrocephalus means
puncturing the reservoir and removing the cerebrospinal
fluid. The frequency of puncturing the Ommaya reservoir,
as well as the quantity of the evacuated cerebrospinal fluid
depended on the clinical picture and the size of ventricles.
Statistical methods used in the data analysis included
the Student T test for numerical variables, while attributive
variables were tested by Chi-square (x*) test. The method
of the univariate and multivariate logistic regression analy-
sis was used for distinguishing statistically significant and
independent factors that influenced the outcome in each
group of patients independently and jointly. Comparison
of treatment results between the two studied groups of
patients was done by using the Chi-square (x*) test.

RESULTS

The study included 60 patients with IVH treated at the
University Children’s Hospital of Belgrade and at the In-

stitute for Neonatology in the period from 2003-2008.
The patients were divided into control and experimental
groups of 30 patients each.

The average gestational age in the experimental
group was 29.27+3.33 months, and in the control group
29.63+2.91 months, without statistically significant differ-
ence in the average gestational age (t=0.472; p>0.05), as
well as in the representation of gender between the studied
groups (x*=0.268; p>0.05).

Between the control and experimental groups there
was no statistically significant difference at the time of
VP shunt placement (Z=0.809; p>0.05), the average head
circumference (cm) at the time of VP shunt placement
(t=0.853; p>0.05) and the average body mass (g) at the
time of VP shunt placement (t=0.107; p>0.05). In the con-
trol group, the outcome was influenced by the following
factors: gestational age (t=2.323; p=0.024), head circum-
ference on birth (t=2.072; p=0.043), body mass on birth
(t=2.832; p=0.006), Apgar score on birth (t=5.026; p<0.01),
peripartum asphyxia (x*=17.376; p<0.01), cardiorespirato-
ry arrest x’=24.914; p<0.01), respiratory distress (x*=9.176;
p=0.002) and IVH grade (Z=6.202; p<0.01) (Table 1).

In the experimental group, by using the univariant
logistic regression analysis, the following factors were
identified as significant predictors of poor treatment out-
come: low body mass on birth (p<0.05), low Apgar score
(p<0.05), prolonged number of days on assisted ventilation
(p<0.05), presence of peripartum asphyxia (p<0.05) and
cardiorespiratory arrest (p<0.05).

By using the multivariant logistic regression analysis,
the prolonged number of days on assisted ventilation was
identified as the most significant predictor of the poor
treatment outcome (p<0.05) (Table 2).

There was no statistically significant difference in rep-
resentation of poor (x*=0.271; p>0.05) and lethal outcome
(x*=0.659; p>0.05) between the studied groups (Table 3).
However, the experimental group had by 10% lower mor-
tality than the control group, which may be clinically

Table 1. Predictors of poor treatment outcome in the control group of patients (using univariant and multivariate logistic regression analysis)

. - Univariate analysis Multivariate analysis

Examined characteristic
p RR 95%Cl p RR 95%Cl

Gestational age 0.030 0.804 0.606-0.979 / / /
Body mass on birth (g) 0.012 0.998 0.996-1.000 / / /
Head circumference on birth (cm) 0.050 0.803 0.645-1.000 / / /
Apgar score <0.001 0.517 0.368-0.726 / / /
Number of days on assisted ventilation <0.001 1.215 1.099-1.343 0.005 1.160 1.046-1.285
Grade IVH <0.001 149.930 15.724-1429.636 0.007 43.757 2.744-697.788
Peripartum asphyxia <0.001 11.667 3.384-40.220 / / /
Cardio-respiratory arrest <0.001 52.800 6.209-449.033 / / /

p - significance; RR - relative risk; Cl - confidence interval

Table 2. Predictors of poor outcome of the treatment in the experimental group of patients (using univariate and multivariate logistic regression analysis)

. o Univariate analysis Multivariate analysis
Examined characteristic
p RR 95%Cl P RR 95%Cl

Body mass at birth (g) 0.033 0.997 0.995-1.000 / / /
Apgar score 0.014 0.543 0.334-0.883 / /
Number of days on assisted ventilation 0.013 1.218 1.042-1.424 0.013 1.218 1.042-1.424
Peripartum asphyxia 0.008 22.000 2.274-212.860 / /
Cardio-respiratory arrest 0.003 34.000 3.253-355.409 / / /
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Table 3. Distribution of newborns according to represented treatment
outcome

Control Experimental
group group
Examined characteristic (n=30) (n=30)
N % N %
Treatment Poor 14| 46.7 |12 40.0
outcome Good/excellent | 16 | 533 | 18 | 60.0
Treatment Exitus 12 | 400 | 9 30.0
outcome - survival | g, vived 181 600 | 21 70.0

N - number of patients

significant difference, however the size of the examined
sample was insufficient for the statistical test to be suffi-
ciently powerful to show the significance of the presented
difference.

DISCUSSION

Treatment of congenital hydrocephalus is based on the
decrease of the production of the cerebrospinal fluid [12].
Oral administration of prednisone and acetazolamide may
lead to improvement in individual cases, but a long-term
medicamentous therapy does not lead to curing [13, 14].
Surgical treatment of hydrocephalus is the only choice if
there is no improvement after a two-week application of
medicamentous therapy [15, 16]. A ventriculoperitoneal
shunt has routine application in the treatment of hydro-
cephalus in human population as well as in the treatment of
hydrocephalus in dogs and cats [14, 17, 18, 19]. Installation
of VP shunt in cats with hydrocephalus as the consequence
of dilation of the fourth brain ventricle due to syringomielia
have shown excellent results that are almost equal to the re-
sults in the treatment of hydrocephalus of the same genesis
in human population [19, 20, 21]. The ventriculoperitoneal
shunt is the method of choice in resolving hydrocephalus in
dogs in 75% of cases, but although there is evident clinical
improvement, the diameter of the lateral ventricles never
returns to its normal values [15, 22].

Experimental studies indicate that the reconstruction of
the cerebral hemispheres after drainage of hydrocephalus
in animals develops only on the level of white matter [15].
Principal complications caused by the ventriculoperito-
neal shunt are infection, excessive drainage and hypofunc-
tion of the system for cerebrospinal fluid drainage due to
poor functioning of the ventricular or peritoneal catheter
[14, 15, 20]. Ultrasonography is the method of choice for
diagnosing and follow-up of hydrocephalus. Taga et al.
[18] emphasize that magnetic resonance is doubtlessly
the superior diagnostic method for hydrocephalus in the
animal population, but its limitation is dependence on the
periprocedural application of anesthesia [13].

Intraventricular hemorrhage (IVH) is the leading cause
of the occurrence of serious neurologic deficit in prema-
turely born children, and in over 50% of cases it leads to the
development of ventriculomegalia [23, 24]. IVH most often
occurs in the period within 72 hours after birth. Liu et al.
[25] point out that the antenatal application of corticoster-
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oids and vitamin K in women who have just given birth de-
creases the incidence of peri-intra-ventricular hemorrhage.
Blood present in the cisterna magna leads to the de-
velopment of fibrous glial tissue which impedes normal
resorption of the cerebrospinal fluid, which further leads
to chronic arachnitis and extravasation of the protein
matrix that blocks the apertures of the fourth brain ven-
tricle and causes obstructive hydrocephalus [26, 27, 28].
Posthemorrhagic hydrocephalus (PHH) occurs in 35% of
patients with IVH, and 15% requires urgent installation
of the ventriculoperitoneal shunt [2]. PHH is defined as
a fast and progressive dilation of the brain ventricles fol-
lowed by increase of head circumference for more than 2
cm weekly [29]. In prematurely born children and children
born with low body mass the frequency of IVH and PHH
ranges from 30-40% [30, 31, 32]. These children have a
high risk for the onset of severe neurological deficit, epi-
lepsy, decreased IQ and visual problems [3, 33, 34]. Experi-
mental studies on animals indicate that PHH damages the
white matter of the brain, initially seizing oligodendrocytes
and later also axones of the nerve cells causing ischemia
of the tissue due to mechanical pressure on the drainage
veins [35, 36]. Currently, it is difficult to choose a uniform
attitude on the treatment of posthemorrhagic hydrocepha-
lus. The ventriculoperitoneal shunt is followed by a high
risk for the occurrence of complications. Pikus et al. [37]
have presented a series of 52 patients with PHH treated
by the ventriculoperitoneal shunt. The total mortality dur-
ing 18 years of follow-up amounted to 60%, together with
the registered deficit of mental functions in 78% of cases.
Boynton et al. [33] presented a series of 50 prematurely
born children with PHH. The rate of mortality during the
follow-up period up to 10 years amounted to 7%, with the
average of 4 performed revisions of the vetriculoperitoneal
shunt per patient during the follow-up period. Lee et al.
[38] emphasized that in the group of patients with installed
ventriculoperitoneal shunt, during the treatment period of
PHH, had a generally worse treatment outcome and a more
serious neurological deficit than the group of analyzed pa-
tients who did not have installed the system for continuous
drainage of the cerebrospinal fluid. This group of authors
finds explanation in the fact that the group of patients who
had the ventriculoperitoneal shunt installed was in a more
serious clinical condition initially and that they were ad-
ditionally burdened by the risks of the shunt itself (poor
function, infection). The treatment outcome of patients
in our series with the ventriculoperitoneal shunt installed
is influenced by gestational age (t=2.323; p=0.024), head
circumference on birth (t=2.072; p=0.043), body mass on
birth (t=2.832; p=0.006), Apgar score on birth (t=5.026;
p<0.001), peripartum asphyxia (x*=17.376; p<0.001), cardi-
orespiratory arrest x’=24.914; p<0.001), respiratory distress
(x*=9.176; p=0.002) and IVH grade (Z=6.202; p<0.001).
The current neurosurgical attitude on indications for
the installation of the ventriculoperitoneal shunt in the
treatment of PHH implies that the prematurely born child’s
weight is over 1500 g and the protein level of the cerebros-
pinal fluid under 200 mg/dl, with the use of a low-pressure
valve [39]. In further course, depending on the ultrasound
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findings of the ventricular system, the low-pressure valve
should be replaced with a high-pressure valve in order to
avoid the possibility of excessive drainage. Application of
programmable valves is disputable.

The alternative for the ventriculoperitoneal shunt is the
installation of the Ommaya reservoar and ventriculostomy
of the third brain ventricle [40]. The risk of infection upon
installing the Ommaya reservoir is 12-24%, and the main
agent is coagulase negative staphylococcus. Direct installa-
tion of the Ommaya reservoir is recommended without pre-
vious lumbar punctures in order to decrease the risk of addi-
tional infection [41]. Successful solving of PHH by using the
Ommaya reservoir amounted to 35%, and ventriculostomy
was successful in two from three children. In 2007 Peretta
et al. [40] showed a series of 18 cases of PHH treated with
the Ommaya reservoir. During the two-year follow-up one
child died, and 59% of children became shunt independent.
It was concluded that the application of the Ommaya reser-
voir significantly decreased the need for a shunt. When using
the Ommaya reservoir, the results of our study identified the
following predictors of poor treatment outcome: prolonged
number of days on assisted ventilation and high grade IVH.
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MpumeHa OMajuHoOr pe3epBoapa y sieuery xuapouedanyca Koa NpeBpeMeHo
poheHe aeue: nopeherbe ¢ pesynTaTMMa UCTPaXKUBaHba Ha XMBOTUHAMA

MurbaH Muxajnosuh', Munan Mpgax', Bnagumup Pagnosuh', rop Hukonuh??, Mnogpar Pakuh?3, Hukona Penauy?,
Baco AHTyHOBUNR*}, AnekcaHpap JaHuhujeBuh?, Byk Lhenanosuh? lopaH Tacuh?3, CuHmwwa JQyunh'

'YHnBep3uTETCKa Aeyja KnHUKa, beorpag, Cpbuja;

2KnuHuka 3a Heypoxupyprujy, Knninuku ueHTap Cp6uje, beorpap, Cpbuja;

*MepnnumHckm pakyntet, YHuBep3utet y beorpagy, beorpag, Cpbuja

KPATAK CAZIP?KAJ

YBop /IHTpaBeHTprKynapHa Xxemoparuja ce jaBsba KOf CKOpO
neTuHe NpeBpemeHo poheHe aele. 36or KomnavKaywja y Bugy
xugpouedanyca v HeyposnowwKor AeduLTa, yrPOXKeH je XMBOT
JeTeTa, Na ce Hamehe noTpeba 3a CMO3HajOM U MPEBEHLMjOM
baKTopa puU3nKa 1 Hanaxkera ONTUMATHUX MeToZa Jieuetba.
Lium paga Linm oBor paaa je 61o fa ce ykaxe Ha akTyenHe
Tepanujcke ModanuTeTe fieyera NoCTXeMoparnjckor Xuapo-
Ledanyca Koz NpeBpemMeHo poheHe deLe.

Metope papa Y ucnutmsatbe je ykibyueHo 60 gelie (cBpcTaHe
y ABe rpyne oA no 30) Koja Cy neyeHa y YHUBEP3UTETCKOj fieujoj
KnuHuum y beorpapy op 2003. no 2008. roguHe.

Pe3syntatu Ha ncxop neuera 6onecHuka KOHTpPosHe rpyre,
KO KOjuiX je MpUMeHeHa CTaHAAPAHa MEeTOAA Neyerba, yTuua-
NN Cy: recTaunoHu y3pact (p=0,024), o6um rnase Ha pohery
(p=0,043), TenecHa maca Ha pohemy (p=0,006), Anrap ckop
(p<0,001), neprnapTanHa acpumkcmja (p<0,001), Kapguopecnu-
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paTopHu 3acToj (p<0,001), pecnupatopHu gnuctpec (p=0,002)
1 CTEMEH MHTPABEHTPUKYNapHe xemoparuje (p<0,001). Cratu-
CTUYKM 3HAYajHU NPEANKTOPU JIOLLEr NCXOAA Neyera NcnuTa-
HVKa eKCreprIMeHTaHe rpyne, Kog Kojux je npumerseH OMajviH
(Ommaya) pe3epBoap, 6vnu cy: Mana TenecHa maca Ha pohe-
by (p<0,05), H13aK Anrap ckop (p<0,05), npogy»xeH 6poj AaHa
Ha BewTaykum nnyhrma (p<0,05), nocTojatbe neprnapTanHe
acdukcmje (p<0,05) n KaparnopecnupaTopHu 3actoj (p<0,05).
3akmyuak Huje yTBpheHa cTaTUCTUYKM 3HaYajHa pasnuvka y
1cxopdy neyerba npeBpemeHo poheHe felie ¢ xmugpoLedanycom
KOA Koje je kopuwheHa cTaHAapfAHa MeToAa fleyera 1 jele
¢ yrpaheHnm OmajyiHM pe3epBoapom, anu pasnuka og 10%
y CTOMM CMPTHOCTM n3Mmehy oBe ABe rpyne 6onecHuKa moxe
OVTU KNMHWYKIM 3HauajHa, Te Cy NoTpebHa flasba MCTpaXknBara
Ha Behem 6pojy ncnutaHuka.

KmbyuHe peun: npeBpemeHo poheHo feTe; MHTPaBEHTPUKY-
napHa xemoparuja; xugpouedanyc; neverbe
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