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Abstract: Background — Posthemorrhagic hydrocephalus in newborns with occlusion of cerebrospinal fluid leads to decompensation of
cerebrospinal fluid dynamics. There is no single method that meets all the criteria for the effectiveness and safety of treatment.

The study goal was to investigate the use of coronary translambdoid subarachnoid ventriculostomy (CTSV) and ventricular subarachnoid
stenting (VSS) in the treatment of neonatal hydrocephalus.

Material and Methods — The analysis of the posthemorrhagic hydrocephalus treatment in 327 newborns for the period of 2000-2018 in
Crimea. Two groups have been identified. In the Group 1, 184 children underwent standard treatment according to the ‘LVV protocol’ with
lumbar and ventricular punctures with 20-22G needles, while with progression of hydrocephalus, with ventriculosubgaleal drainage and
ventriculoperitoneal shunt. In 143 children with occlusion and ventricular block, the treatment complex included CTSV — RF Patent No.
2715535, and ventricular drainage by the ventricular subarachnoid stenting (VSS) — RF Patent No. 2721455.

Results — An increase in the treatment radicality under CTSV is achieved through the use of the cerebral needles of a larger diameter (14G)
and puncture access zones, elimination of occlusion, while under VSS, restoration of intracranial circulation and absorption of
cerebrospinal fluid is ensured by prolonged sanitation with a saline solution of cerebrospinal fluid spaces. A positive outcome with
compensation for hydrocephalus was achieved in 75.4% of cases versus 28.2% under the conventional protocol (p<0.001). In other cases,
the imbalance of production and absorption of cerebrospinal fluid remained, which required the integration of the VSS with the peritoneal
segment of the shunt, without further replacement and reinstallation of the system.

Conclusion — Our results allow us to consider the effectiveness of CTSV and VSS inclusion in the contemporary algorithm for the treatment
of decompensated posthemorrhagic hydrocephalus in newborns.
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Introduction The study goal was to investigate the use of translambdoid
At present, much attention is paid to the study of coronary subarachnoid ventriculostomy (CTSV) and ventricular
posthemorrhagic hydrocephalus in newborns [1-14]. It is noted subarachnoid stenting (VSS) in the treatment of posthemorrhagic
that the formation of hydrocephalus is due to direct occlusion of hydrocephalus in newborns.
the cerebrospinal fluid by blood clots, or dynamic occlusion by
means of the subarachnoid space (SAS) compression, impaired Material and Methods

absorption of cerebrospinal fluid (CSF) with indications, at the
initial stage, for lumbar punctures (LP), ventricular punctures (VP)
with 20-22G needles, as well as puncture drainage of the lateral
ventricles  [1-5]. If CSF  dynamics disorders persist,
ventriculosubgaleal drainage (VSGD) and ventriculoperitoneal
shunt (VPS) are performed [2], according to the so-called ‘LVV
protocol’ (i.e. LP-VSGD-VPS). The relevance of the problem is that
there is no generally accepted opinion regarding the treatment of
decompensated hydrocephalus [6-8] with the need to personalize
treatment tactics aimed at restoring CSF dynamics [2], reducing
the incidence of VPS and system dysfunction [9-14].

We analyzed the treatment of 327 newborns with
posthemorrhagic hydrocephalus was carried out based on the
materials of the Crimean Republican Clinical Hospital for Children
and the Perinatal Center for the period of 2000-2018. Two groups
were identified. In the Group 1, 184 children underwent treatment
according to the LVV protocol with LP and VP with 20-22G needles
at the initial stage, and with the progression of hydrocephalus,
VSGD and VPS (Table 1).

In the Group 2, the treatment complex for 143 children with

ventricular occlusion and SAS block at the initial stage included
CTSV (RF Patent No. 2715535). With the progression of
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hydrocephalus, the treatment complex involved ventricular
drainage in the SAS by the VSS system (RF Patent No. 2721455),
which is reflected in Table 2.

CTSV is performed by puncture with 14G needles at two points
through the coronary and lambdoid sutures of the anterior and
occipital horns of the lateral ventricles with unloading of their
blood and cerebrospinal fluid and SAS decompression (Figure 1).
Sanitation is performed by saline solution of the ventricles with
arachnoid encephalic lysis when the needles are shoved into the
SAS. Between the ventricles and SAS, drainage canals with
collateral CSF outflow and elimination of occlusion are formed.
The procedure is repeated three times with four-day intervals,
alternating with sanitation of the craniospinal CSF LP pathways,
until CSF dynamics stabilization with clinical restoration of the
outflow and absorption of CSF, based on neuroimaging data. The
advantages of the method include the simplicity of its technical
implementation (a child in the incubator), the safety and
effectiveness of the ventricle sanitation from blood clots with
minimization of brain injury during hemotamponade, and a
reduction in the sanitation time of the craniospinal CSF spaces.

Draining the ventricles into the SAS by the VSS system was
implemented through ventricular drainage and perforation of the
pump base (Figure 2).

To do this, after immersion of the ventricular drainage into the
ventricle with control of the CSF flow, the pump is installed in the
milling hole with a diameter of up to 10 mm with the straightening
of the fixing cuff in the SAS and fixation by suturing along the
trepanation edges. Additionally, there is a temporary CSF outflow
from the pump through a fragment of the distal drainage into the
subgaleal pocket (SP), which makes it possible to smooth out the
drops of intracranial pressure (ICP) in the postoperative period
with unloading and sanitation of the CSF pathways. The dome of
the pump is punctured, and a saline solution is injected with
control of its outflow into the SAS and ventricles. Reintroduction of
saline solution through a pump with active sanitation of the SAS
and ventricles, and passive excretion of CSF through the SP in
combination with LP is conducted at days 3-5, 7, 10 and 14, as well
as at the end of the week 3, 4, 5 and 6 after the surgery.

Table 1. Scope of neurosurgical care in Group 1

Stages of hydrocephalus correction according to Number of %
the LVV protocol children

LP and VP with 20-22G needles 184 100
Ventriculosubgaleal drainage (VSGD) 151 82.1
Ventriculoperitoneal shunt (VPS) 132 71.7

Table 2. Scope of neurosurgical care in Group 2

Stages of hydrocephalus correction with inclusion of CTSV and Number of o

VSS children

CTSV (with 14 G needles) in combination with LP 143 100
Ventricular drainage by VSS system in combination with VSGD 94 65.7
Integration of VSS system with the peritoneal shunt segment 35 24.5

Table 3. Comparative analysis of hydrocephalus compensation among the
groups

Hydrocephalus compensation Number of % h F

children
After LP and VP (according to LVV protocol) 33 17.9
After CTSV inclusion (in combination with LP) 49 34.3 0.046
After VSGD (according to LVV protocol) 19 12.6
After VSS inclusion (in combination with VSGD and LP) 59 62.8 <0.001

* based on Fisher’s exact test.

While maintaining the disproportion between the increasing
age-related volume of CSF production and its absorption after the
week 6, the VSS system was integrated with the peritoneal
segment of the shunt at medium pressure through the distal
drainage.

The data were processed using the STATISTICA 6.0 software
(StatSoft Inc., USA). Fisher’s exact test was used to compare the
percentages in the two groups. Significant changes in indicators
were considered those, for which the probability of the null
hypothesis was: p<0.05.

Results

Compensation of hydrocephalus with stabilization of CSF
dynamics at the initial stage of treatment, according to the LVV
protocol, in Group 1 after LP was noted in 33 of 184 children,
which made it possible to exclude drainage operations in 17.9% of
cases (Table 3).

When CTSV was included into the hydrocephalus treatment
complex in Group 2, hydrocephalus compensation was observed in
49 of 143 children, which made it possible to exclude drainage
operations in 34.3% of cases (p=0.046). A increase in the drainage
output after inclusion of CTSV was ensured by effective unloading
of the ventricles from blood clots and CSF, using 14G needles,
flushing the ventricles and SAS with saline solution, eliminating
occlusion and shortening the sanitation time of the craniospinal
CSF pathways.

The inclusion of the VSS system in the complex of
hydrocephalus treatment ensured the restoration of the CSF
dynamics balance without VPS, which is shown in Figure 3.

In Group 1, compensation of hydrocephalus after VSGD was
observed in 19 of 151 children (12.6%), whereas after VSS
inclusion in Group 2 treatment, it was noted in 59 of 94 children,
which made it possible to exclude VPS in 62.8% of cases (p<0.001).

The cumulative positive outcome of hydrocephalus
compensation without VPS, after staged hydrocephalus correction
with CTSV and VSS inclusion in the treatment complex, was
achieved in 75.4% of cases versus 28.2% under the conventional
protocol (p<0.001).

In other cases, the VSS system was integrated with the VPS
segment. At the same time, sanitation of the ventricles and SAS
was ensured with saline solution through the stent pump, which
made it possible to exclude dysfunction of the ventricular segment
and the pump (noted in 31% of cases in Group 1), and no
hyperdrainage was noted (versus 18% in Group 1).

To improve the efficiency of the VSS system, a self-expanding
VSS (patent application No. US 2018/0071501 A1) with an
additional sealing cuff was proposed for installing the stent in the
milling hole without suturing and eliminating the threat of
liqguorrhea.

Discussion

Treatment of posthemorrhagic hydrocephalus in newborns
involves performing LP at the initial stage. At the same time, the
removal of blood clots from the ventricular system is not ensured,
long-term sanitation of the craniospinal CSF spaces is required,
and a thrombus in the region of the third ventricle and other types
of CSF occlusion constitute a contraindication to this procedure [1-
5].
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Figure 1. CTSV at the initial stage of hydrocephalus correction.
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Figure 2. (S ) VSS system, (B) MRI after the surgery.

Figure 3. Child S. with posthemorrhagic hydrocephalus, postconceptional age (PCA) 30 weeks, weight 1350 grams. (A) MRI at the initial stage. (B)
Computed tomography (CT) after stenting with the VSS system at 38 weeks. (C-D) CT control 3 months after VSS.

VP needles of 20-22G type do not provide effective ventricular An increase in the effectiveness of treatment via CTSV is
unloading from blood clots with a high risk of damage to the brain achieved through the use of cerebral needles of larger diameter
substance during their active aspiration, while under prolonged and puncture access zones with elimination of occlusion,
external puncture drainage, necessary for clot lysis, the risk of sanitation of the ventricles from blood clots, and craniospinal SAS
infection increases and the occlusion of the CSF is not eliminated from the products of its decay, with a decrease both in the
[1-5]. sanitation time and the risk of adhesions.
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VSGD provide long-term sanitation and unloading of the
ventricles from blood and CSF without the elimination of dynamic
CSF occlusion [1-3, 5].

An increase in the treatment effectiveness under VSS is
achieved by restoring intracranial circulation and CSF absorption at
the stage of prolonged sanitation of craniospinal CSF spaces with
saline solution in combination with VSGD and LP. There is a high
percentage of dysfunction and complications after VPS [6-9, 12-
14].

Integration of the VSS with the peritoneal segment of the
shunt has provided CSF diversion into the SAS and dosed discharge
of excess CSF into the abdominal cavity with adaptation of the
resorptive capacity to the increasing volume of CSF production in
the first year, and has reduced the risk of system dysfunction
without its replacement and reinstallation.

Conclusion

The staged inclusion of CTSV and VSS into the treatment
algorithm for decompensation of posthemorrhagic hydrocephalus
in newborns, in combination with LP and VSGD, made it possible
to increase the percentage of hydrocephalus compensation
without VPS to 75.4% versus 28.2% under the conventional
protocol (p<0.001) by restoring intracranial circulation and CSF
absorption. While maintaining disorders of CSF dynamics, the
integration of the VSS system with the peritoneal segment of the
shunt permitted to eliminate the imbalance in production and
absorption of CSF with adaptation of the SAS resorptive capacity to
increasing volume of CSF production in the first year, and to
reduce the risk of dysfunction.
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