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ABSTRACT

Despite the achieved success in the treatment of neonatal hydrocephalus, the task of restoring circulation, outflow,
and absorption of cerebrospinal fluid (CSF) remains urgent.

The aim of the study was to investigate the effectiveness of ventriculosubarachnoid drainage in compensating
hydrocephalus without shunt implantation.

Materials and methods. We collected and studied clinical material for the period from 2000 to 2018 according
to the data of the Republic of Crimea. We identified groups of premature (» = 184) and full-term (n = 107) infants
who underwent standard treatment with lumbar puncture, subgaleal drainage, and ventriculoperitoneal shunting
(VPS). In case of ventricular occlusion in 143 premature and 46 full-term infants, at the initial stage of treatment,
the option of coronary — lambdoid subarachnoid ventriculostomy (RF Patent No. 2715535) in combination with
lumbar punctures was included. With progression of hydrocephalus, ventriculosubarachnoid stenting (RF Patent
No. 2721455) with subgaleal drainage was considered as an option.

Results. The inclusion of the proposed options made it possible to increase the rate of hydrocephalus compensation
without VPS to 75.5% in premature infants and to 80.4% in full-term infants versus 28.3% and 20.6%, respectively,
according to the standard protocol (p <0.001). In other cases, the imbalance between CSF production and absorption
persisted, which required integration of a stent with a peritoneal part of the shunt, without replacing the system.

Conclusion. The obtained result allows to consider the inclusion of the proposed options in the modern treatment
algorithm for neonatal hydrocephalus.
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Pecny6nukun Kpbim 3a nepuiog 2000-2018 rr.
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PE3IOME

HeCMOTpH Ha JOCTUTHYTBIC YCIIEXU B JICUCHUU m;[poue(banmxl HEOHATAJIbHOI'O Ine€pruoja, oCTacTcs aKTyaﬂLHOfI
3a/la4a BOCCTaHOBJICHHUS JIMKBOPOJIUHAMUKH, OTTOKA U BCACbIBaHUA JIMKBOpPA.

Hean — nzyuenne 3G HEKTHBHOCTH OMIMN BEHTPHKYJIO-CY0apaxHOUIAIEHOTO IPCHUPOBAHUS B KOMIICHCAIIUH TH-
npornedannu 6e3 IMIUIAaHTAIMA IITYHTOB.

Matepuannbl 4 Metoabl. CoOpaH W n3ydeH KIMHHYeckuid Matepuai 3a mepuox 2000-2018 rr. mo maHHBEIM
Pecniy6iuku Kpeim. Beigenens! rpynnsl HegoHomeHHBIX (n = 184) u moHomenHsix (n = 107) mereii, xo-
TOPBIM BBITIOJHSIOCH CTAHAAPTHOE JIEYCHUE C JFOMOANbHBIMH MYHKLIHUAMH, CyOrajneajibHOEe APEHHPOBaHUE M
BEHTPHKYJO-TIepuToHeanbHoe nryHtupoBanue (BIILI). Ilpu okkimro3um kexyAoukoB y 143 HEZOHOIIECHHBIX H
46 NOHOIICHHBIX JAETEil Ha Ha4YalbHOM JTale JICYCHUs BKIIOYANAch OINIMSA KOPOHAPO-TPAHCISOJOBHAHOI
cybapaxHo-BeHTpUKyIocToOMUH (TTaTeHT PO Ne 2715535) B kommiekce ¢ IIOMOATBHBIMU IyHKIUSAMH, & TIPH IIPO-
TPECCHPOBAHMH THAPOIe(annu — BEHTPUKYIO-CyOapaxHOUAaNbHOE CTeHTHpoBaHue (mareHT PO Ne 2721455) ¢
cyOrayeanbHbIM IPEHUPOBAHUEM.

Pe3yabTaThl. BKITIOUeHHE MPEIIOKEHHBIX OMIKI MO3BOJUIO TOBBICUTH MPOICHT KOMIICHCAUH THAPOLIChaTHH
6e3 BIIIL no 75,5% y HenonouteHusix aere u 80,4% y moHoreHHbIX TpoTuB 28,3 n 20,6% COOTBETCTBEHHO NpH
cTanmapTHoM nportokoie (p < 0,001). B octanpHBIX ciiydasx coxpaHsuics AucOaaaHCc MPOAYKINH — BCACHIBAHUS
JIMKBOpPA, 4TO n01‘pe6OBan0 UHTETrpaliu CTEHTA C IEPUTOHCAJIbHBIM CEI'MEHTOM IIYHTA 663 3aMCHbI CUCTCMBI.

3aximodenne. IlonyueHHbIH pe3yabTaT MO3BOJSET pacCMaTPUBATh BKIIIOYEHUE IPEAJIOKEHHBIX OIIMNA B COBpe-
MEHHBIH JIe4eOHBIH alroOpuT™ IIPH HEOHATAIEHOM ruaponedaiuy.

KiioueBble ¢J10Ba: BEHTPHUKYJI0-CyOapaxHONIATbHOE APSHUPOBAHHE, THAPOLE(AIHs, NeTH

KoHpaukT HHTEepecoB. ABTOpHI 3asBISIIOT 00 OTCYTCTBHU SIBHBIX M NOTEHI[HANBHBIX KOH(IMNKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKaKeil HACTOSIIEeH CTaThH.

Hcrounuk ¢puHaHCHPOBaHUS. ABTOPHI 3asBISIIOT 00 OTCYTCTBUU (DMHAHCHPOBAHUS IIPU MIPOBEACHUU HCCIIEO-
BaHMUS.

CooTBeTcTBHE NMPUHIMNAM 3THKH. Bce 3akOHHBIE TIpeCcTaBUTENN IMAIJUEHTOB HOAIICAIN JOOPOBOJILHOE MH-
(opMHEpOBaHHOE COrJIacHe Ha ydJacTHe B HCcilenoBaHHHU. VccrnenoBanue ogoOpeHo sTHdeckuM komuterom KOY
nm. B.U. Bepnaaznckoro (mportokon Ne 53 ot 06.12.2018).

Jist mutupoBanus: Bonkonas O.B., 3unuenko C.A., Xauatpsin B.A. M3yuenne 3phexTHBHOCTH OINMIMU BEH-
TPUKYJI0-CyOapaXHOUIATBHOTO APSHUPOBAHNS TIPH HEOHATAIBHOU ruponedaniy no naHueM Pecriyommukn Kpbim
3a nepuoza 2000-2018 rr. browremens cubupckoii meduyunst. 2022;21(1):14-20. https://doi.org/10.20538/1682-
0363-2022-1-14-20.
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INTRODUCTION

Current publications on pediatric neurosurgery and
neurology describe the principles of treatment for pos-
themorrhagic hydrocephalus (PHH) in newborns with
normalization of the increased intracranial pressure,
including lumbar punctures (LP) and ventricular punc-
tures (VP), external and internal ventricular drain-
age, and artificial ventriculoperitoneal shunts (VPS)
[1-14]. A sequence of treatment options according to
the “LVV protocol” is considered as guidelines for
PHH therapy: LP and VP, ventriculosubgaleal drain-
age (VSGD), and if they are ineffective — VPS [1-6].

The relevance of the issue is determined by the
absence of a generally accepted opinion regarding
treatment for decompensated PHH with subarachnoid
space (SAS) block and impaired resorption [7-10].
There is a need to personalize treatment tactics [2]
aimed at restoring CSF circulation and reducing the
frequency of VPS surgery [11-14]. Solution of these
issues becomes interdisciplinary in the joint practice
of a pediatric neurosurgeon, neonatologist, and neu-
rologist.

The aim of the study was to investigate the effec-
tiveness of ventriculosubarachnoid drainage options
for PHH compensation in newborns.

MATERIALS AND METHODS

We have collected, studied, and analyzed clinical
data on the treatment of PHH in 480 newborns in the
Republic of Crimea for the period from 2000 to 2018.
The study was approved by the Ethics Committee at
V.I. Vernadsky Crimean Federal University (Protocol
No. 53 0f 06.12.2018). All legal representatives of the
patients signed an informed consent to participate in
the study.

327 children were preterm (group 1) and 153
were full-term infants (group 2). 184 children in
group 1 and 107 children in group 2 received stan-
dard treatment according to the “LVV protocol”.

In case of ventricular occlusion with SAS block in
143 preterm infants (group 1) and 46 full-term infants
(group 2), the standard treatment protocol at the ini-
tial stage included coronary — lambdoid subarachnoid
ventriculostomy (CLSV) [15] and in case of PHH pro-
gression — ventricular drainage in the SAS using ven-
triculosubarachnoid stenting system (VSS) [16].

The inclusion criterion for the proposed treatment
options was decompensated PHH. In case of resto-
ration of CSF circulation with compensation of PHH,
further stages of correction were excluded. Tables 1
and 2 describe the amount of care provided for pre-

mature and full-term infants with the inclusion of the
CLSV and VSS options.

Table 1
The amount of neurosurgical care in premature infants
(group 1)
PHH correction stages | n (%)
According to the “LVV protocol”

LP and VP with 20-22G needles 184 (100)
VSGD 151 (82.1)

VPS 132 (71.7)

inclusion of the proposed options in case of decompensated PHH
CLSV (using 14 G needles) in combination with LP

Ventricular drainage in SAS in combination with 143 (100)
VSGD 94 (65.7)
VSS system integration in the peritoneal part of the 35(24.5)
shunt
Table 2
The amount of neurosurgical care in full-term infants
(group 2)
PHH correction stages | n (%)

According to the “LVV protocol”

LP and VP with 20-22G needles 107 (100)
VSGD 90 (84.1)
VPS 85(79.4)

inclusion of the proposed options in case of decompensated PHH
CLSV (using 14 G needles) in combination with LP

Ventricular drainage in SAS in combination with 46 (100)
VSGD 22 (47.8)
VSS system integration in the peritoneal part of the 9 (19.6)
shunt

There were no complications and mortality associ-
ated with surgical trauma. CLSV was performed us-
ing a two-point puncture of the anterior and occipital
horns of the lateral ventricles through coronary and
lambdoid sutures using 14G needles, with evacua-
tion of blood and CSF and SAS decompression. Ir-
rigation of the ventricles was performed with normal
saline with encephalolysis when the needles reached
the SAS. Drainage canals were formed between the
ventricles and SAS with collateral outflow of CSF and
elimination of occlusion. We repeated the procedure 3
times with a 4-day interval, alternating it with irriga-
tion of the craniospinal CSF pathways using LP, until
CSF circulation was normalized.

The advantages of the method include ease of ap-
plication (a child in a humidicrib), the effectiveness
of evacuation of blood clots from the ventricles with
minimization of brain injury during hemorrhagic tam-
ponade, and reduction of irrigation time for the cranio-
spinal CSF spaces. The VSS system developed by the
authors provided CSF drainage in the SAS through a
ventricular drain and a pump base perforation (Figure).
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For this purpose, after insertion of the ventricular
drain into the ventricle with the control of CSF flow,
the pump was installed in the burr hole with a diam-
eter of up to 10 mm with the fixing cuff expanded in
the SAS and fixed by sutures along the edges of the
trepanned area. In addition, we exercised temporary
CSF outflow from the pump through the distal drain
into the subgaleal pocket (SP), which made it possible
to alleviate intracranial pressure drops in the postoper-
ative period with evacuation and irrigation of the CSF
pathways. The dome of the pump was punctured and
normal saline was injected with control of its outflow
into the SAS and ventricles. Re-infusion of normal
saline through the pump with vigorous irrigation of
the SAS and ventricles and passive evacuation of CSF
through SP in combination with LP was performed on
days 3-5, 7, 10, 14, and at the end of week 3, 4, 5,
and 6 after surgery. While maintaining the imbalance
between the increasing age-related volume of CSF
production and its absorption after 6 weeks, the VSS
system was integrated through the connector of the
distal drain with the peritoneal part of the shunt (Cod-
man, Medtronic, USA), including a chamber with a
medium-pressure valve, regulating the discharge of
CSF into the abdominal cavity.

The data were processed using the Statistica 10.0
software (StatSoft Inc., USA). Fisher’s exact test (FET)
was applied to compare the efficiency rates of PHH
compensation in premature and full-term infants under
the standard LVV protocol and after the inclusion of
the options for ventriculosubarachnoid drainage in the
treatment regimen. The differences were considered
statistically significant at p < 0.05.

b

Figure. VSS system: a — general view of the pump, b — magnetic resonance imaging (MRI) after surgery

RESULTS

Compensation of hydrocephalus at the initial stage
of treatment according to the LVV protocol after LP
was observed in 33 of 184 premature infants, which
made it possible to avoid drainage in 17.9% of cases
(Table 3).

Table 3

Comparative analysis of compensation of hydrocephalus
in premature infants

Compensation of hydrocephalus n (%) p*
After LP and VP (according to the LVV 33(17.9)
protocol) 0.046
After the inclusion of CLSV 49 (343) '
(in combination with LP) ’
After VSGD (according to the LVV 19(12.6)
protocol) <0.001
After the inclusion of VSS (in combination 59 (62.8)

with VSGD and and LP)

*according to FET — here and in Table 4.

When the CLSV option was included in the hydro-
cephalus treatment protocol, PHH compensation was
achieved in 49 out of 143 children, which allowed to
exclude drainage in 34.3% of cases (p = 0.046). A de-
crease in drainage manipulations after the inclusion
of CLSV resulted from effective evacuation of blood
clots and CSF from the ventricles using 14G needles,
irrigation of the ventricles and SAS with normal sa-
line, elimination of the occlusion, and reduction of the
irrigation time for the CSF pathways.

Compensation of hydrocephalus at the stage of sur-
gical management after VSGD was observed in 19 of
151 children (12.6%), after inclusion of VSS, it was
noted in 59 of 94 children, which made it possible to
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exclude VPS in 62.8% cases (p <0.001). The cumula-
tive positive outcome with compensated hydrocepha-
lus without VPS in preterm infants after the inclusion
of the CLSV and VSS in the treatment regimen was
achieved in 75.5% of cases vs. 28.3% with the stan-
dard protocol (p < 0.001).

Clinical case. Child K. was delivered by a nullip-
arous woman with an aggravated obstetric history at
the Perinatal Center at 26 weeks of gestation, with
an extremely low body weight of 650 g. The Apgar
score was 1-2 points. Grade 2 cerebral ischemia was
detected, and mechanical ventilation was performed.
After birth, grade 4 periventricular and intraventricu-
lar hemorrhage with hemorrhagic tamponade of both
lateral and third ventricles was diagnosed against the
background of morphofunctional immaturity with re-
spiratory and cardiovascular insufficiency. Treatment
at the initial stage with CLSV in combination with LP
made it possible to stabilize CSF circulation. After 30
weeks, PHH progression, compression and blockage
of SAS were noted. Surgical treatment was performed
with indirect ventricular drainage in the SAS using
VSS system according to the described method, in
combination with VSGD and LP. A decrease in the
protein level in the CSF from 4.6 to 2.4 g /1 on day 10,
and to 0.8 g /1 according to the last test, was revealed.
By week 37, compensated PHH was noted according
to the clinical data and CT-guided neurosonography
findings at week 40. Follow-up during the first year of
life did not show progression of intracranial hyperten-
sion; no seizures were noted.

The revealed differences were also noted in full-
term infants (Table 4).

Table 4

Comparative analysis of hydrocephalus compensation
in full-term infants

Compensation of hydrocephalus n (%) p
Argtescl(:}l’) and VP (according to the LVV 17 (15.9)
E 0.027

After the inclusion of CLSV

(in combination with LP) 24 (522)
After VSGD (according to the LVV
5(5.6)
protocol) o001
After the inclusion of VSS 13.(59.1)

(in combination with VSGD and LP)

According to the LVV protocol, compensation of
PHH after LP was observed in 17 out of 107 full-term
infants, which made it possible to exclude drainage in
15.9% of cases. When the CLSV was included in the
treatment regimen, PHH compensation was achieved

in 24 out of 46 children, which allowed to exclude
drainage in 52.2% of cases (p = 0.027).

PHH compensation after VSGD was observed
only in 5 out of 90 children (5.6%). After inclusion of
VSS in the treatment regimen, compensated PHH was
noted in 13 out of 22 full-term infants, which allowed
to avoid VPS in 59.1% cases (p <0.001). The cumula-
tive positive outcome with compensated PHH in full-
term infants after the inclusion of CLSV and VSS in
the treatment regimen was achieved in 80.4% of cases
vs. 20.6% under the standard protocol (p < 0.001).

In case of integration of the VSS system with the
peritoneal part of the shunt, irrigation of the ventricles
and SAS was performed with normal saline, which al-
lowed to eliminate dysfunction of the ventricular seg-
ment and the pump. No signs of overdrainage were
noted. To improve the efficiency of the VSS system, a
hermetic self-expanding ventriculosubarachnoid stent
was proposed [17] with an additional sealing cuff to
place the stent into the burr hole without suturing and
to eliminate the risk of liquorrhea.

DISCUSSION

Treatment of PHH in newborns involves LP at the
initial stage. At the same time, this does not ensure the
evacuation of blood clots from the ventricular system
and requires long-term irrigation of the craniospinal
CSF spaces; and a blood clot in the third ventricle and
other types of occlusion are contraindications for LP
[1-8].

Ventricular punctures using 20-22G needles do
not provide effective evacuation of blood clots from
the ventricles with a high risk of damage to the brain
matter during vigorous aspiration. During long-term
external drainage required for clot lysis, the risk of in-
fection increases and occlusion of CSF pathways is
not eliminated [1-8].

An increase in the effectiveness of treatment with
the inclusion of CLSV results from the use of brain
needles with a larger diameter and larger areas of ac-
cess points with elimination of occlusion, formation
of a ventriculosbarachnoid anastomosis, evacuation of
blood clots from the ventricles, as well as evacuation
of its degradation products from the craniospinal CSF
spaces with a decrease in the irrigation time and the
risk of adhesions.

VSGD provides long-term evacuation of blood
from the ventricles with the elimination of occlusion
of CSF pathways [1-8]. An increase in the effective-
ness of treatment with VSS is achieved by restoring
intracranial circulation and CSF absorption at the

18 Bulletin of Siberian Medicine. 2022; 21 (1): 14-20



Original articles

stage of long-term irrigation of the craniospinal CSF
spaces with normal saline in combination with VSGD
and LP. The need for long-term irrigation with ex-
clusion of blood release into the basal cisterns is a
limiting factor for endoscopic ventriculostomy in the
neonatal period [9].

VPS artificially drains CSF to the abdominal cav-
ity. Shunt dependence and high rates of dysfunction
and complications are noted [9-14]. Integration of
the VSS into the peritoneal part of the shunt provided
CSF drainage to the SAS and redirected excess CSF to
the abdominal cavity with adaptation of the resorptive
capacity to the increasing volume of CSF in the first
year of life. Besides, it reduced the risk of system dys-
function without its replacement and reinstallation.

CONCLUSION

PHH compensation indicates the need for ven-
triculosubarachnoid drainage using CLSV and VSS
to eliminate occlusion, ensure effective irrigation of
the CSF spaces, and restore circulation and absorp-
tion of CSF. The inclusion of the CLSV and VSS op-
tions in the treatment algorithm led to an increase in
the compensated PHH to 75.5% in preterm infants and
to 80.4% in full-term infants vs. 28.3% and 20.6%,
respectively, under the standard LVV protocol (p <
0.001). Integration of the VSS system with the peri-
toneal part of the shunt, while maintaining the imbal-
ance between CSF production and absorption, allows
to expand the potential scope of using shunt systems
for the treatment of PHH in newborns.
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