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Damage of the central nervous system is one of the leading
causes of early illness, disability and death in newborns. In
preterm infants, intraventricular hemorrhage is one of the most
difficult and common forms of brain damage. Intraventricular
hemorrhage frequently causes severe neurological damage and
fatality in children. Among the neonates with gestational age
of less than 29 weeks, intraventricular hemorrhage rate ranges
from 20% to 30% [5]. For the neonates weighing less than 1500
grams, the probability of developing the intraventricular hemor-
rhage ranges between 15% -20%, [9]. The lower the gestational
age and body mass is, the more common the severe intraventric-
ular hemorrhages are. Murphy et al. published the study show-
ing that the half of newborns with intraventricular hemorrhage
do not develop ventricular dilatation, the quarter develops non-
progressive ventricular dilatation, and the remaining quarter de-
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velops ventricular dilatation with posthemorrhagic hydrocepha-
lus [1]. Several methods are currently available for treatment of
posthemorrhagic progressive ventricular dilatation, including:
1. Serial lumbar/ventricular puncture 2. Ventriculostomy 3. Im-
plantation of ventricular subcutaneous reservoir 4. Ventriculo-
subgaleal shunting 5. Endoscopic ventricular irrigation [6].

There is a lot of discussion throughout the world literature
concerning the safest and most optimal methods [6-8]. This
study seeks to present the results obtained by our clinic. Three
methods were used in our medical center for treatment of: 1. Se-
rial ventricular/lumbar puncture 2. Ventriculostomy 3. Implanta-
tion of ventricular subcutaneous reservoir.

Material and methods. 39 medical cases were studied ret-
rospectively, all the patients were treated at the Neonatology
Department of Ghudushauri National Medical Center, in 2016~
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2020. In all patients, the ventriculomegaly/hydrocephalus were
caused by preceding intraventricular hemorrhage. 2 patients had
Grade 1 intraventricular hemorrhage and 22 newborns - Grade
2 intraventricular hemorrhage (56.41%), 10 newborns - Grade
3 intraventricular hemorrhage (25.64%), 5 newborns — Grade 4
intraventricular hemorrhage (12,82%). As an initial neurosurgi-
cal intervention, 23 and 11 neonates underwent ventricular res-
ervoir implantation (A) and ventriculostomy (B), respectively;
5 newborns received the serial ventricular/lumbar punctures
(C). Complications, eventual need for shunting, the frequency
of intracranial cyst formation and the rate of complication with
meningitis were studied retrospectively. These patients were di-
vided into three groups - A, B and C. 20 female (51.28%) and
19 male (48.71%) patients were studied. For Group A, the mean
gestational age was 29.78 weeks, with average birth weight of
1531.30 grams. For Group B, the mean gestational age was
27.36 weeks, with average birth weight of 1058.18 grams. For
Group C, the mean gestational age was 29.4 weeks, with av-
erage birth weight of 1290 grams. The weight and gestational
age of the newborns included in the study ranged from 650 to
2500 grams and from 24 to 35 weeks, respectively. In addition,
the study considered the maternal gynecological history, type
of delivery and correlation of these factors with final outcome.
In all cases, intraventricular hemorrhage was diagnosed through
the ultrasound examination. Preoperatively, all patients were ex-
amined via the brain CT scan. Postoperative ventricular dilata-
tion was monitored through the serial ultrasound examination.
The grades of hemorrhage were identified in accordance with
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the Papile classification system. For ventriculoperitoneal shunt-
ing, the Medtronic system shunt (CSF-Flow Control Valve, Burr
Hole) was used, and the Medtronic 12 mm Burr Hole, with In-
tegral Ventricular Catheter, Small, Barium Impregnated, 5.5 cm
was applied as a ventricular reservoir.

Results and discussion. A total of 39 patients underwent 104
neurosurgical operations, averaging 2.66 surgeries per newborn.
On average, the patients were followed up for 43.15 days af-
ter the last surgery (2-320). Out of 39 newborns involved in
the study, 30 patients required ventriculoperitoneal shunting
(76.92%), 2 of which were transferred abroad, and 28 patients
underwent this surgery at our clinic. The lethal outcomes in neo-
nates with surgical shunting were observed in 3 cases (7.69%).

The minimum weight of the newborns at the time of shunting
surgery was 1800 grams. 8 patients required shunt revision (one
or more repeated shunting surgeries). For this type of surgery,
no correlation was found between the shunt dysfunction and low
newborn birth weight.

Out of 9 patients who did not require shunting, 5 (12.82%)
were discharged from the clinic without any need for permanent
liquor drainage surgery, 4 (10.25%)patients died.

Out of 39 newborns, 7 (17.98%) patients died. The average
number of neurosurgical interventions in deceased patients was
2 (minimum 1, maximum 5). Out of the deceased neonates, 2
were female and 5 male. In no case did gestational age exceed
30 weeks (mean gestational age 26.85). The average birth weight
was 880 grams. The types of delivery were: 5 caesarean sections
and 5 vaginal births. In 4 cases the mothers were the primiparas

Table 1. Patient characteristics

Variable Group - A Group - B Group - C
No of patients 23 11 5
Median gestation age at birth (wks +days) 29 +4 27+2 29+3
Median Weight at birth (g) 1531.30 1058.18 1290
IVH Grade
I 8.69% 0 0
I 60.86% 45.45% 60%
111 26.08% 36.36% 20%
v 4.34% 18.18% 20%
Median postnatal Age at first intervention( wks +days) 6 week 3 week +6 7 week +6
Type of delivery
Caesarian Section 82.60% 90.90% 80%
Vaginal delivery 17.39% 9.09% 20%
Table 2. Patient characteristics
Variable Group - A Group - B Group - C
Sex
Male % 43,47 72,72 40
Female % 56,52 27,27 60
number of birth
1% 30.43 45.45 40
1% 26.03 27.27 0
1% 30.43 18.18 40
V% 8.69 9.09 20
V% 4.34 0 0
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and in 2 and 1 cases there were the second and fourth childbirths
for the mothers, respectively. Among these newborns, the intra-
ventricular hemorrhage was manifested in 5 cases - at week 1,
in 1 case — at week 3 and in 1 case — at week 4 of life. As for the
grades of intraventricular hemorrhage: in 2 cases - Grade 2, in 4
patients — Grade 3 and 1 patient was diagnosed with the Grade
IV intraventricular hemorrhage. On average, the first surgery
was performed at the 42" day after birth (30-57). On average,
the fatalities were observed at the 35" day after diagnosing the
hemorrhage (17-56). The average life expectancy was 138 days
(32-512).

For the Group A, the mean gestational age was 29.78 weeks,
with average birth weight of 1531.30 grams. 10 patients were
female (43.47%) and 13 patients were male (56.52%). The aver-
age number of neurosurgical interventions for Group A was 2.43
[1-7]. Delivery type: in 19 cases - caesarean section (82.60%)
and in 4 cases - vaginal delivery (17.39%). For the mothers,
there were the first childbirths - in 7 cases (30.43%), the second
childbirths - in 6 cases (26.08%), the third childbirths in 7 cases
(30.43%), the fourth childbirths - in 2 cases (8.69%) and the
fifth childbirth - in 1 case (4.34%). In 19, 2 and 2 neonates, the
intracranial hemorrhage was manifested in the week 1 (82.60%),
week 2 and week 4 of life, respectively.

In this group, 2 (8.69%) newborns were diagnosed with Grade
1 intraventricular hemorrhage, 14 (60.86%) newborns — with
Grade 2 intraventricular hemorrhage, 6 (26.08%) - with Grade
3 intraventricular hemorrhage and 1 (4.34%) — with Grade 4 in-
traventricular hemorrhage. In group A, the first surgery was per-
formed on average on the 44th day after the birth (20-190), and
the average time interval from diagnosing the hemorrhage to the
first surgery was 36 days (17 - 130). In group A, 17 (73.91%)
newborns required shunting during their stay in the clinic, 2
(8.69%) of them were transferred abroad for further treatment,
although these patients needed shunting. 2 (8.69%) patients
died, 3 (17.39%) patients were discharged with the ventricular
reservoir, 1 patient underwent removal of ventricular reservoir.
At final neurosonoscopy: Grade 1 dilatation was revealed in 3
(13.04%) patients, Grade 2 dilatation - in 2 (8.69%), Grade 3
dilatation - in 11 (47.82%) patients, hydranencephaly (severe
form of leukomalacia) - in 5 (21.73%); 2 (8.69%) patients died.
In group A, a total of 13 (56.52%) (8.69%) developed the intra-
cerebral cysts.

For the Group B, the mean gestational age was 27.36 weeks,
with average birth weight of 1058.18 grams. 8 (72.72%) pa-

tients were female and 3 (27.27%) patients were male. The
average number of neurosurgical interventions in group B was
3.72 (1-11). In 10 (90.90%) cases, the type of delivery was a
cesarean section and in 1 (9.09%) case - vaginal birth. For the
mothers, there were the first childbirths in 5 (45.45%) cases, the
second childbirths - in 3 (27.27%), the third childbirths - in 3
(18.18%), and the fourth childbirth — in 1 (9.09%) case. In 9, 1
and 1 neonates, the intraventricular hemorrhage was manifested
in the week 1 (81.81%), week 2 (9.09%) and week 4 (9.09%) of
life, respectively. Grade 2, Grade 3 and Grade 4 intraventricu-
lar hemorrhage was detected in 5 (45.45%), 4 (36.36%) and 2
(18.18%) patients, respectively.

In group B, the first surgery was performed on average on the
27th day after birth (5-56) and the average time interval from
diagnosing the hemorrhage to the first surgery was 22 days (3
- 52). Among group B patients, 8 (72.72%) newborns required
shunting during their stay in the clinic, 2 (18.18%) patients died,
and 1 (9.09%) patient was not in need of shunting.

At final neurosonoscopy: ventricular system without dilata-
tion - 1 (9.09%) patient, Grade 2 dilatation -1 (9.09%) and se-
vere cystic leukomalacia - 7 (63.63%); 2 (18.18%) patients died.
In group B, a total of 9 (81.81%) patients developed intracranial
cysts.

For the Group C, the mean gestational age was 29.4 weeks,
with average birth weight of 1290 grams. 2 (40%) patients were
female and 3 (60%) patients were male. In group C, the aver-
age number of neurosurgical interventions was 1.4 (1-2). In 4
(80%) cases the type of delivery was caesarean section and in
1 (20%) case - vaginal delivery. For the mothers, there were
the first childbirths in 2 (40%) cases, the third childbirths - in
2 (40%) and the fourth childbirth in 1 (20%) case. Hemorrhage
was manifested in all newborns of group C at the first week of
life. 3 and 1 (60%) patients developed Grade 2 and Grade 3
(20%) intraventricular hemorrhage, respectively; and in case of
one patient, the Grade 4 (20%) intraventricular hemorrhage was
diagnosed by ultrasound examination.

In group C, the first surgery was performed on average on the
55" day after birth (41-75), and the average time interval from
diagnosing the hemorrhage to the first surgery was 52 days (38
- 71). No fatalities were reported. At the final neurosonoscopy:
severe cystic leukomalacia was revealed in 2 (40%) patients; in
addition, the single cases of Grade 1, Grade 2 and Grade 3 (20-
20-20%) dilatation were observed. In group C, 2 (40%) patients
developed intracranial cysts.

Table 3. Timing of hemorag developmant

detected by ltrasonography by wks) Group - A Group - B Group - C
I 82.60 % 81.81% 100%
I 8.69% 9.09% 0
I 0 0 0
1\Y 8.69% 9.09% 0
Table 4. Correlation between the severity of hemorrhage and the mortality
Grade of bleeding Mortality Number of patients
I 0 2
1 2 (9%) 22
11 4 (36%) 11
v 1 (25%) 4
Total 7 39
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Table 5. Results of treatment in each patient group

Variable Group - A Group - B Group - C
Cystic periventricular leukomalacia % 56.52 81.81 40
VP Shunt rate % 73.91 72,72 100
Mortality rate % 8,69 18,18 0
Median rate of neurosurgical intervention 243 3.72 1.4
Range 1-7 1-11 1-2

The study of neurosurgical aspects of neonatal intraventricu-
lar hemorrhage treatment is the most comprehensive one con-
ducted in Georgia with this patient population. It evaluated the
outcomes of application of various surgical methods as well as
correlation of disease fomation with the factors such as gesta-
tional age, newborn birth weight and maternal gynecological
history. The frequency and consequences of pre and postop-
erative neurosurgical complications were studied as well. The
mean gestational age of newborns included in the study was
29.05 days (24-35), with average birth weight of 1366.92 grams
(650-2500). The higher degree of newborn immaturity entails
the higher risk of developing intraventricular hemorrhage. The
mean gestational age of the neonates who developed postopera-
tive meningitis was 29 weeks, which coincides with the avail-
able information about high risk of developing meningitis at a
young gestational age, which is presumably caused by the im-
maturity of immune system and relative thinness of skin cover-
ing the liquor drainage device [10,11]. In terms of the maternal
gynecological history, attention was drawn to the high incidence
of intraventricular hemorrhage in neonates born from the first
childbirth - 35.89% (second childbirth -28.20%, third child-
birth 28.20%, fourth childbirth 10.25%, fifth childbirth 2.56%)
although no such correlation has been established through the
analysis of authoritative publications [12,13].

In all three groups, the newborn intraventricular hemorrhage
was manifested in the first week of life in more than 80% of
cases, which once again confirms our assumption regarding the
increased risk of developing intraventricular hemorrhage within
the first days of life, although there is also some probability of
its development (10-15%) in the following weeks [14]. As to the
hemorrhage grades, the intraventricular hemorrhages of Grades
2 and 3 predominated in all three groups (A, B, C). In terms of
the number of neurosurgical interventions, the most optimum
rate was identified for the group C, where the average number
of neurosurgical surgeries was 1.4 (the same rates were 2.43 for
the group A and 3.72 for the group B). In regard to fatalities,
the best results were also identified in the group C, where no
lethal outcomes were observed. The highest number of deaths
was reported in the group B (18.18%), which may be due to the
low mean gestational age (27.36 weeks) and low birth weight -
1058.18 grams (average weight) of the newborns of this group;
the percentages of Grade 2 and Grade 3 hemorrhages were the
highest for the group B (54,54%) as well. Our attention was
also caught by the fact that 90.90% of neonates in the group B
were born via the caesarean section, although authoritative stud-
ies have shown that caesarean section reduces the likelihood of
developing severe intraventricular hemorrhage [12]. The high
frequency of the above data in group B is directly related to the
high rate of mortality in this group (18.18%) and the high fre-
quency of severe brain damage such as cystic periventricular
leukomalacia 63.63% (21.73% in group A and 40% in group C).

Conclusion. The newborn intraventricular hemorrhage poses
a serious threat to life and further neurological development.
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Complications such as meningitis, progressive ventriculomega-
ly and severe brain cystic leukomalacia are quite common. The
mortality rate remains high as well. There is no optimum method
for treating the newborn intraventricular hemorrhage, the meth-
ods examined by us are characterized by some pros and cons. Each
case requires differentited approach as well as individual selection
of treatment tactics. Our optimism is particularly encouraged by the
use of endoscopic method of intraventricular hemorrhage treatment
which is actively being introduced in our clinic.
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SUMMARY

COMPARATIVE ANALYSIS OF NEUROSURGICAL AS-
PECTS OF NEONATAL INTRAVENTRICULAR HEM-
ORRHAGE TREATMENT

L2Dvalishvili A., ’Khinikadze M., *Gegia G., ‘Orlov M.

!New Vision University; *O. Gudushauri National Medical Cen-
tre, Department of Neursurgery; *New Vision University Hos-
pital, Thilisi Georgia; *The State Institution Romodanov Neu-
rosurgery Institute National Academy of Medical Sciences of
Ukraine, Neurosurgery Vascular Department, Kiev Ukraine

Intraventricular hemorrhage is the major cause for neonatal
hydrocephalus. This study aims to provide the comparative
analysis of existing methods of intraventricular hemorrhage
treatment. 39 medical cases were studied retrospectively, all the
patients were treated at Neonatology Department of O. Ghu-
dushauri National Medical Center, in 2016-2020. As an initial
neurosurgical intervention, 23 and 11 neonates underwent ven-
tricular reservoir implantation (A) and ventriculostomy (B),
respectively; 5 newborns received the serial ventricular/lumbar
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punctures (C). Complications, eventual need for shunting, the
frequency of intracranial cyst formation and the rate of com-
plication with meningitis were studied retrospectively. The pa-
tients were divided into three groups - A, B and C. The Group
A, Group B and Group C neonates slightly differed by the gesta-
tional ages. In Group A, 17 (73.91%) newborns required shunt-
ing during their stay at the clinic, and 2 of them were transferred
abroad for further treatment. In group B, 8 newborns required
shunting and 2 patients died. In Group C, ventriculoperitoneal
shunting was applied in 100% of cases. Among 39 patients,
shunting was required for 30 (76.92%) neonates, 2 out of whom
were transferred abroad. 7 (17,98%) patients died. The average
number of neurosurgical interventions among the deceased pa-
tients was 2 (minimum 1, maximum 5).

Complications of the neonate intraventricular hemorrhage
pose a serious threat to life and further neurological develop-
ment. There is no optimum method for treatment of this disease,
each case requires differentiated approach and individual identi-
fication of treatment tactics.

Keywords: hydrocephalus, intraventricular hemorrhage, neo-
nates, premature infants, neonatal complications.
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CPABHUTEJIbHBI AHAJIN3 HEWPOXUPYPIHMYE-
CKHUX ACIIEKTOB JIEHEHUSI HEOHATAJIBHOI'O
BHYTPUXXEJYJOYKOBOI'O KPOBOTEYEHMUS
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euu um. axao. A.I1. Pomooanosa HAMH Yxpaunwvl», omoenenue
HeUpoXupypuyueckol namonocu cocyoos 2onossl u weu, Kues,
Vrpauna

OCHOBHOM NMPUYUHON pa3BUTHS TUapouedasIni y HOBOPOXK-
JICHHBIX SIBJISIETCS] BHY TPHIKEITYI0YKOBOE KPOBOM3IIUSIHUE.

Lesnp uccnenoBanus - CpaBHUTENIBHBII aHAIN3 CYLIECTBYIO-
X METOJIOB JICUCHHS BHY TPYOKEIIYI0YKOBOTO KPOBOU3IUSAHUSL.

PerpocnexTrBHO M3yueHo 39 ciyudaeB 3a0ojeBaHus y AeTeH,
IPOXOJAMBIIMX JieueHHe B HalmoHalIbHOM MEIUIIMHCKOM LIEH-
Tpe uM. akaz. O. ['ynymaypu, B OTA€I€HNY HEOHATOJIOTHH, B Te-
yenue 2016-2020 rr. [TauneHTs! pa3aenaeHsl Ha TPU TPYIIL - A,
B u C. Pa3nuumii B recTaliltOHHOM BO3pacTe MEX/y OOJIbHBIMH
rpynn A, B u C He HaOnonanoce.

B xauectBe mnepBOro HEWPOXHUPYPrUUECKOrO BMEILATEICTBA
BBITIOJIHEHA UMILIAHTALMS JKEITYJIOUKOBOTO pe3epByapa 23 HOBO-
pokzieHHbIM (rpymnma A), 11 HOBOPOXICHHBIM BBIIOJIHEHA BEH-
TpuKyaoctoMmus (rpynna B), 5 HOBOPOXKIEHHBIM - CEpUiHbBIE JKe-
Jy/10uKOBBIe/TyMOabHbIe yHKIuHU (rpymma C). PerpocnexruBao
M3yYeHBI OCJIO)KHEHHsI, HEOOXOMMOCTb IIIYHTHPOBAHKSI, YacTOTa
Pa3BUTHS BHYTPUYEPEITHBIX KHCT U OCIIOKHEHHH MEHUHIUTOM.

B rpynne A JHMKBOpOUIyHTHpYIOLIAsl ONEpalys BBIOJIHEHA
17 (73,91%) HOBOpOXIEHHBIM, BKJIIOYas 2 HOBOPOKICHHBIX,
KOTOpBIE AJIs JaJIbHEHIIEro JICUCHUSI HAIIPABJICHBI 3@ TPAaHULLY.
B rpynne B myHTuposanne norpedosanock 8 (72,7%) HOBO-
POXIECHHBIM, 2 nanueHTa ymepiu. B rpynne C myHTHpOBaHuE
IPOBEACHO BCeM ManueHTaM. 13 39 nmanueHToB MIyHTUPOBaHHUE
notpedoBanock 30 (76,92%), U3 HUX ABOC MEPEBEACHBI 3a Ipa-
Huny. Ymepimu 7 (17,98%) nmaumenros. CpenHee KOIMYECTBO
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HEUPOXUPYPrUUECKUX BMEIIATEIbCTB Y YMEPLIMX HalUeHTOB
cocTaBmiio 2 (MUHUMYM 1, MakcuMyM 5).

OcCoKHEHHS, BbI3BAHHBIC BHYTPIIKEIYIOYKOBBIM KPOBOM3-
JIUSIHAEM Y HOBOPOJKICHHBIX, IPEICTABIISIOT CEPbE3HYIO YIPO3Y
JUIS KU3HU U JajbHEHIIero HeBpOJIOTHUecKoro pasButus. Orm-
TUMAaJIbHOTO METOJIA JICYEHUs] BHYTPUIKEITYyI0UYKOBOIO KPOBOU3-
JIUSIHUSL HE CYLIECTBYET, KaKIbIM cilyyail TpeOyeT MHIUBHIY-
aJIbHOTO MOJX0/1a ¥ MHIUBUIYaIbHOTO ONpEAEIeHNs JIeueOHOM
TaKTUKH.

G9boygdy
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3®PEKTUBHOCTH JEYEHMS JETEM C PUTUAHBIM INIOCKOCTOIIUEM 1 JTACOYHKITAEN
CYXOXKNINUA 3AAJHEU BOJIBITEBEPIIOBOU MBIIITbI

Janunnos A.A., lllyiasra A.B., Topesnk B.B.

Hayuonanvnwiii ynusepcumem sopasooxpanenusn Yipaunot um. ILJIL lynuxa, kagpeopa demckoii xupypeuu, Kues, Yxpauna

HccnenoBanns MOCIEAHUX JIET CBUACTENBCTBYIOT, UTO y Je-
Tel AMAarHOCTHPYIOT, B OCHOBHOM, /BE (POPMBI MPOAOIBHOTO
IUTOCKOCTONHS: MOOHWIBHYIO B puruaHyo [1]. IIpuanHOit BO3-
HUKHOBEHHSI PUTHAHOHN CTOIBI SBIIAIOTCS CTPYKTYpPHBIE H3MEHE-
HUS B MBIIIIAX, KOCTAX M cycTaBax [2]. PuruaHoe ymomienue
MIPOJIOIBHOTO CBO/IA CTOTHBI CHIKaeT e€ neMipepHylo (yHK-
LU0, YTO BBI3BIBACT CTOMKHUI OOJIEBOIl CHHAPOM M CHIDKCHHE
PE3UCTEHTHOCTH TpH (U3MYECKUX Harpyskax [3]. Purmmaoe
npononbHoe Tockocromnue (PIIIT) B GonpnHCTBE Citydaes co-
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MPOBOKIAAETCS AUCHYHKIMEH CyXOKWns 3amaHeil Oonbiebep-
oBoit Meine! (366M) [4].

Jucdynkuus cyxoxmnus 3bbM — oqna n3 npuyanH Gopmupo-
BaHUsI PUTHJTHOMN CTOIIBI C pa3BUTHEM OOJICBOTO CHHJIPOMA, JleTe-
HEPATUBHO-TUCTPOPUUESCKUX N3MEHEHUH B KOCTSX M CyCTaBax
NpeIuIoCcHbL. JINCHYHKIMSA CyXOXKHIMS TIPUBOJMT K Hapylie-
HHIO apTHKYJSIIUK, YBEJIMYCHUIO PUTUIHOCTH B ITOATAPAHHOM
cycTaBe, U3MEHEHHSAM apXHUTEKTOHUKH CTONbL. OIHAKO MepBo-
MPUYKHBI [IATOTEHEe3a 110 Cel JIeHb HEe M3YUYEHBI, OTCYTCTBYIOT



