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Abstract
Purpose Hydrocephalus is one of the most common pathologies in pediatric neurosurgery. One of the causes of recurring 
events of headaches among shunted children is “slit ventricle syndrome” (SVS). Several potential treatments have been 
proposed, yet SVS often represents a treatment challenge. The goal of the current series is to present our experience with 
adding a positional shunt-assist (SA) (Miethke, Aesculap) for the treatment of SVS.
Methods Clinical data was retrospectively collected from all consecutive children with SVS that were treated with SA 
(Miethke, Aesculap) at our center. Surgical and clinical outcomes as expressed by hospital visits, or need for additional 
surgery, were evaluated.
Results Nine cases were included. Hydrocephalus etiology included IVH (6), postinfectious (1), and congenital syndromes 
(2). Average age at first shunt was 4 months. Primary shunt type was differential-pressure-valve in all. Average age at SVS 
onset was 4 years. Average age at SA placement was 5.5 years. There were no perioperative complications besides a single 
stich abscess. A 6-month follow-up period after SA was compared to a 6-month period prior to the SA: average hospital 
visits decreased from 2.4 to 0.6 per patient (p < 0.0002). 4/9 patients needed an LP or shunt revision before the SA surgery, 
while no procedure was indicated during the immediate 6-month follow-up. At the last follow-up, there was a significant 
reduction in the rate of ER visits compared to prior to surgery; however, the number of neurosurgical procedures did not 
significantly differ.
Conclusion Using a SA for SVS was associated with a short-term improvement of symptoms in the majority of cases, reduc-
tion in hospital visits, and reduced need for SVS-related procedures.
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Introduction

Shunt systems are associated with a wide variety of long-
term complications, and most children will undergo addi-
tional surgeries [1]. About 15% of shunted children have 
headaches [2].One cause of recurring headaches among 
shunted children is the “slit ventricle syndrome” (SVS) 
[3]. The syndrome is a constellation of mostly transient but 
severe symptoms of increased intracranial pressure, associ-
ated with small ventricles. SVS is not clearly and objec-
tively defined [3, 4], and there are several pathophysiological 
hypotheses regarding its mechanism. The main presumed 

cause for SVS is shunt over-drainage prior to suture closure, 
leading to craniocerebral disproportion, and a non-compliant 
skull and ventricles. This may lead to temporary ventricular 
catheter obstruction caused by the collapse of the ventricle 
over the catheter, leading to a significant rise in intracranial 
pressure. Over-drainage, siphoning, and SVS are related 
conditions, where siphoning of CSF leads to over-drainage, 
which is then hypothesized to cause SVS [5]. One of the 
most recognized risk factors for SVS is shunt implantation 
during the first months of life. Another risk factor (which 
may be related to early shunt placement) is the primary 
hydrocephalic etiology (e.g., posthemorrhagic hydrocepha-
lus of the newborn, or neonatal meningitis). Another risk 
factor associated with SVS is the valve mechanism (the 
use of differential pressure valves increases the risk for the 
development of SVS) [4].

Several techniques have been suggested to prevent and 
or treat SVS. Using a higher valve drainage setting for 
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differential valves has not been shown to be of proven value 
[6]. Similarly, using delta systems, with integrated “anti-
siphon” components has limited value [7]. Flow-regulated 
valves have been shown to have a trend towards lesser SVS 
[6]. During recent years, gravitational shunts have been 
shown to cause less SVS [8], although no formal comparison 
between pressure regulated valves and gravitational valves 
has been performed.

A valve upgrade to a higher pressure setting has been 
suggested, including using programmable valves, however 
with limited results [9, 10]. Other surgical techniques such 
as repositioning of the ventricular catheter or ETV (endo-
scopic third ventriculostomy) have a higher risk due to the 
small ventricular size [11, 12]. Cranial expansion and sub-
temporal decompression have been described, aiming at 
increasing the intracranial volume and solving the “crani-
ocerebral disproportion” component of SVS [13, 14]. These 
surgeries entail large cranial procedures and possibly have 
limited value when not coupled with a valve upgrade.

Recently, it has been suggested that converting pressure-
regulated valves to gravitational valves (reducing CSF drain-
age during the upright position) reduces the incidence of 
SVS [8, 15].

Another approach is to add a gravitational device, to 
overcome the siphoning effect [1]. When the device is hori-
zontal (during recumbent position), the gravitational unit is 
open and does not add any resistance to the existing valve. 
When the device is in a vertical position (during standing), it 
adds a fixed resistance, depending on the predefined setting, 
reducing the shunt drainage. This mechanism counteracts the 
siphoning effect during standing.

The objective of the current study was to examine the 
value of adding a gravitational unit (shunt assist, SA) in chil-
dren with SVS.

Methods

Following institutional review board (IRB) approval, we ret-
rospectively collected data on consecutive cases from Dana 
Children’s Hospital Tel Aviv Medical Center (2010–2022).

The inclusion criteria were children diagnosed with SVS 
and treated with SA. The diagnosis of SVS was based on 
clinical manifestation suggestive of increased intracranial 
pressure (headaches, somnolence, vomiting, and brady-
cardia) and slit ventricles on imaging (CT or MRI). The 
exclusion criteria were patients over 18 years old during SA 
surgery and patients who refused to be part of a research.

A SA was offered to all cases with recurrent SVS events. 
We did not have strict criteria, and often, parents elected to 
continue to follow and only after subsequent SVS events, 
elected to undergo surgery.

Shunt assist (SA, by Miethke, Aesculap, Germany) place-
ment technique was standardized in all patients. Under gen-
eral anesthesia, a 3-cm longitudinal incision was performed 
in the mid-chest height over the distal catheter. The SA was 
placed in a vertical orientation under the superficial chest 
muscle fascia for additive tissue layer coverage. There are 
several SA pressure levels, ranging from 10 to  35cmH2O. 
As recommended by the manufacturer, SA of 20–25cmH2O 
was used in children.

Collected data included demographics, hydrocephalus 
etiology, type of first shunt and valve, age at first shunt, and 
shunt revision surgeries. Details about SVS are as follows: 
date of diagnosis, need for a surgery after SVS diagnosis, 
type of SA and date of surgery, and surgical complications. 
Details about emergency room (ER) visits and neurosurgi-
cal procedures were collected for different periods, compar-
ing the periods between SVS diagnosis and SA surgery and 
between SA surgery and the last follow-up and comparing 
6 months prior to the SA surgery to 6 months following the 
SA surgery. Surgical and clinical outcomes as expressed by 
ER and hospital visits, or need for additional procedures, 
were evaluated.

Data analysis

Significant differences were assessed using an independent 
sample t-test, and the comparison of paired groups was done 
using the Wilcoxon test (SPSS Inc., Chicago, IL, USA).

Results

Nine patients were included in this study, 8 males (90%) and 
1 female (10%); 6 were born preterm. Hydrocephalus etiol-
ogy included IVH (6), postinfectious (1), and congenital of 
unknown etiology (2). All patients had their first shunt place-
ment surgery during the first 8 months of life, with an average 
age of 4 months. Primary valve was a differential-pressure-
valve in all. The average age for SVS onset was 4 years. Six 
patients underwent shunt revisions prior to the SA place-
ment, of which 2 needed additional procedures (1 cranial 
expansion and 1 bilateral sub-temporal expansion + cranial 
expansion + foramen magnum decompression + re-cranial 
decompression and another shunt revision). The mean age 
at SA placement was 5.5 years, and it was placed at a mean 
of 17 ± 36.7 months (range 3 weeks–116 months) after SVS 
onset. A shunt assist of  20cmH2O was used in 8 patients, and 
a  25cmH2O was used in one patient. There were no periop-
erative complications besides a single stich abscess treated 
conservatively.

By looking at the timeline between SVS diagnosis 
to SA surgery, 6 patients had the SA surgery during the 
first 3 months of SVS onset, 2 patient had the SA surgery 
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16 months after SVS onset, and one patient had the SA 
surgery 115 months after the SVS onset. Eight patients 
visited the ER between the SVS onset and SA surgery: 3 
patients visited once, 2 patients visited twice, one visited 
4, one visited 6, and one visited 21 times. The average 
number of visits to the ER was 4.2 (range 1–21). Four 

patients underwent a neurosurgical intervention during 
this timeline: 3 underwent an LP, and one patient under-
went 5 different surgeries.

The mean follow-up period after the SA surgery was 
24 ± 10.4 months (range 4.5–43 months). Following the 
SA surgery and until the last follow-up, 6 patients visited 
the ER, 5 of them more than once. The average number of 
visits to the ER was 3.1 (range 1–9). Three patients needed 
neurosurgical interventions: one needed 8 surgeries, one 
need 2 (cranial expansion and LP), and one needed cranial 
expansion and foramen magnum decompression with cervi-
cal laminectomy for secondary Chiari.

Comparing the pre- and postoperative ER visit rate—
from SVS diagnosis to SA to the period between SA and the 
last follow-up (using the Wilcoxon test), there was a reduc-
tion from a mean of 1.7 ± 2.5 visits per month, to 0.17 ± 0.17 
visits per month (p = 0.028). The number of neurosurgical 
procedures reduced from 0.55 ± 0.98 to 0.05 ± 0.11, yet the 
reduction was not statistically significant (p = 0.25).

A 6-month follow-up period after SA was compared to 
a 6-month period prior to the SA: average hospital visits 
decreased from 2.4 to 0.6 per patient (p < 0.0002) (Fig. 1). 
4/9 patients needed an LP or shunt revision before the SA 
surgery, while no procedure was indicated in the immedi-
ate 6-month follow-up (Fig. 2). There were no perioperative 
complications besides a single stich abscess treated locally.

Fig. 1  A 6-month follow-up period after SA was compared to a 
6-month period prior to the SA: average hospital visits decreased 
from 2.4 to 0.6 per patient, with significant differences (p < 0.0002). 
ER: emergency room. PreOP: preoperation. PostOP: postoperation

Fig. 2  This diagram shows the neurosurgical events (surgery/LP) that 
each patient had, from the day of SVS diagnosis until the last follow-
up. 4/9 needed NS procedure (LP/surgery) during 6-m preop. No pro-
cedure was indicated in the immediate 6-month post SA surgery. 3/9 

had a NS procedure until their last follow-up. PRE OP: preoperation. 
POST OP: postoperation. FU: follow-up. SVS: slit ventricle syn-
drome. DX: diagnosis. ER: emergency room
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By comparing the ventricle size on CT before and after 
the SA surgery, we found that 4 had no change in ventricle 
size, 4 had smaller ventricles, and one had larger ventricle. 
There was no correlation between the ventricular size trend 
and the need of future neurosurgical procedures.

Discussion

In the current study, we have shown the positive immediate 
effect of SA on the course of SVS in shunted children. There 
was an immediate and significant improvement in the rate 

of ER visits, as well as the need for additional neurosurgi-
cal procedures. At last follow-up, the number of ER visits 
remained significantly low, yet the number of needed neu-
rosurgical procedures was not significantly different com-
pared to prior to surgery (probably reflecting the low rate 
all along). We have also shown that the complication rate of 
SA surgery is extremely low, making this an effective and 
safe treatment for SVS.

SVS is a debilitating condition following early shunt sur-
gery in children. The rate of SVS is estimated at 4–37% [1]. 
It has been shown to affect especially those with a history of 

Fig. 3  Algorithm suggested for 
treatment SVS with SA. SVS: 
slit ventricle syndrome. LP: 
lumbar puncture. LP shunt: lum-
boperitoneal shunt. ETV: endo-
scopic third ventriculostomy
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IVH: especially when they have a less extent of brain injury 
and thus are children with a better functional status.

Despite many shunt systems, there is no clearly preferred 
valve system that avoids SVS, although gravitational sys-
tems, and flow regulated valves have been associated with a 
trend for lower rates of SVS.

SVS is often a self-limiting and conservative treatment, 
including good hydration and various medications may suf-
fice [16]. If these initial measures fail, a lumbar puncture 
may be of value [17]. For refractory SVS, several surgical 
options are described [18]. These include shunt revision 
(proximal catheter repositioning), as well as valve upgrades, 
or increasing the cranial vault volume: via a cranial expan-
sion or sub-temporal decompression (STD) surgeries. The 
use of adding a SA has not been described. The advantages 
of this rather minimal and simple procedure are the avoid-
ance of a more extensive surgery (i.e., cranial expansion or 
STD), or requiring a more extensive exposure (i.e. valve 
replacement), or risking shunt catheter mal-positioning (in 
the context of very small ventricles). Adding the SA in the 
chest wall is fast, simple, safe, and effective. Although not 
specifically studied, the impact on SVS-related symptoms as 
evaluated by ER visits and need for additional procedures 
is expected to reflect an improvement in the quality of life.

We had some limitations in our study. This is a retrospec-
tive study on a limited number of children. There is no con-
trol group, and each patient served as its own control (com-
paring 6 months prior to 6 months after the SA surgery).

Clinical evaluation was not objective or defined, and we 
used a general measure: as ER visits (due to SVS related 
symptoms), or need for any neurosurgical procedure, as an 
outcome measure. Potentially, patients may have elected not 
to present to the ER despite similar symptoms.

The vast majority of patients were male, possibly biasing 
the results. Also, the follow-up period was short, especially 
looking at the first postoperative 6 months (for standardiza-
tion), possibly missing later failures.

Due to the small patient group, we were unable to evalu-
ate the effect of timing of SA placement from SVS diagnosis, 
as well as other factors (e.g. age, etiology, and anatomical 
considerations) on the outcome.

It is also unknown if there is any advantage for early 
SA surgery shortly after SVS onset, or even as a prophy-
lactic measure. Another question that arises is if to change 
the valve to an adjustable differential pressure valve with 
gravitational unit. The strategy of valve exchange to prevent 
chronic over-drainage is well tolerated and seems to improve 
a patient’s clinical outcome in terms of ventricular width, 
symptom relieve, and revision rate [19].

Despite these limitations and unknowns, we suggest the 
following algorithm for treating SVS (Fig. 3): primary treat-
ment of SVS is conservative: fluids, steroids, and possibly 
a lumbar puncture. For failed cases during the acute attack, 

either a proximal shunt revision (or rarely, and ETV), sub-
temporal decompression (STD), or cranial expansion is a 
valid surgical treatment. Whether or not to couple a cranial 
expansion with a SA is an open question, although there is 
a logic to do so, to avoid settling of the bones in the original 
position. In cases with recurrent SVS, in between attacks, 
we recommend placing a SA.

Conclusions

In this small group, SA was found to be a simple, safe, and 
effective procedure for reducing SVS related symptoms and 
need for neurosurgical procedures during the first 6 months 
after surgery. The number of ER visits remained signifi-
cantly low at the last follow-up. Further evaluation among 
large study groups is needed to evaluate the long-term out-
comes, the role of timing of SA surgery, as well as other 
variables on the outcome.
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