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ABSTRACT
Introduction: Treatment options for hydrocephalus related to posterior fossa tumors have been extensively studied in the pediatric population, but the value of endoscopic third ventriculostomy in hydrocephalus secondary to vestibular schwannoma in adults, is controversial. A systematic search of the medical literature was carried out in Pubmed/Medline and SciElo for the identification and inclusion of articles, in addition to the preprint servers bioRxiv and medRxiv. The following descriptors were used: “hydrocephalus” and “vestibular schwannomas” or “acoustic neuromas” or “acoustic neurinomas” and “endoscopic third ventriculostomy”. The initial search found 195 articles. After selection, 5 articles were chosen for the study. 
Objective:  To specify the role of the endoscopic third ventriculostomy in hydrocephalus secondary to vestibular schwannomas.
Development: The articles included a total of 82 patients, in which an improvement of the symptoms was achieved in 86.6% of the cases. The decrease in ventricular diameter was reported in 82.9% of the cases and was only found explicit in 3 articles. Although the failure criteria used were varied, 2 of them predominated: the persistence of progressive symptomatic hydrocephalus and/or the need for shunt placement. Endoscopic third ventriculostomy failure only represented 14.6%. 
Conclusions: Third ventriculostomy is an acceptable technique with relative success for the treatment of symptomatic obstructive hydrocephalus secondary to vestibular schwannomas. 
Keywords: endoscopic third ventriculostomy; hydrocephalus; vestibular schwannoma. 

RESUMEN
Introducción: Las opciones de tratamiento para la hidrocefalia relacionada con tumores de fosa posterior han sido ampliamente estudiadas en la población pediátrica, pero es controvertido el valor de la tercer ventriculostomía endoscópica, en la hidrocefalia secundaria a schwanoma vestibular en adultos, previo a la resección del tumor. Se realizó una búsqueda sistemática de la literatura médica en Pubmed/Medline y SciElo para la identificación e inclusión de artículos, además de los servidores de preprint bioRxiv y medRxiv. Se utilizaron los siguientes descriptores: “hydrocephalus” y “vestibular schwannomas” o “acoustic neuromas” o “acoustic neurinomas” y “endoscopic third ventriculostomy”. La búsqueda inicial encontró 195 artículos. Después de la selección, se eligieron 5 artículos para el estudio.
Objetivo: Especificar el papel de la tercer ventriculostomía endoscópica en la hidrocefalia secundaria a schwanomas vestibulares.
Desarrollo: Los artículos incluyeron un total de 82 pacientes, en los que se logró una mejoría de los síntomas en el 86,6 % de los casos. La disminución del diámetro ventricular se reportó en el 82,9 % de los casos y solo se encontró explícita en 3 artículos. Aunque los criterios de fracaso utilizados fueron variados, predominaron dos de ellos: la persistencia de hidrocefalia sintomática progresiva o la necesidad de colocación de derivación. La falla de la tercer ventriculostomía endoscópica solo representó el 14,6 %.
Conclusiones: La tercer ventriculostomía endoscópica es una técnica aceptable y con relativo éxito para el tratamiento de la hidrocefalia obstructiva sintomática secundaria a schwanomas vestibulares.
Palabras clave: tercer ventriculostomía endoscópica; hidrocefalia; schwanoma vestibular.
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INTRODUCTION
The frequency and treatment options for hydrocephalus related to posterior fossa tumors have been extensively studied in the pediatric population, but the value of endoscopic third ventriculostomy in hydrocephalus secondary to vestibular schwannoma in adults, is controversial.(1,2,3) On the other hand, certain results show a decrease in the incidence of perioperative complications, including persistent post-surgical hydrocephalus.(4,5,6,7,8)
On this topic, some authors suggest the “unnecessary” nature of this procedure, taking into account that persistent hydrocephalus after tumor excision is only 10-30%, so endoscopic third ventriculostomy (ETV) would only be useful in these cases.(9) However, the literature regarding posterior fossa tumors in adults is scarce. Some studies report that the success rates of ETV for obstructive hydrocephalus in this group range between 70 and 90%.(10,11,12)
However, these studies do not present a detailed analysis of the intervened tumors and they are not consecutive series, which limits their interpretation. In others, they focus on the placement of external ventricular drains or shunt systems, and do not consider ETV as an option.(13)
In particular, studies on the management of hydrocephalus due to vestibular schwannomas are very few, and only report the frequency of hydrocephalus, but do not offer information on its treatment. Sometimes, some authors exclude those cases with preoperative hydrocephalus or include patients with tumors that did not subsequently receive surgery for tumor resection.(14,15)
In recent years, there has been no consensus on the optimal surgical technique for hydrocephalus secondary to vestibular schwannoma, especially the performance of ETV, which is why there is an urgent need to specify the indications for this surgical technique. 
A systematic search of the English/Spanish medical literature was carried out in Pubmed/Medline and SciElo, for the identification and inclusion of articles, in addition to the preprint servers bioRxiv and medRxiv (last updated on October 5, 2022), under the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Statement Guidelines.(16) (Fig. 1). The references of the selected articles were also reviewed.
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Fig. 1 - PRISMA diagram.

The following descriptors were used: “hydrocephalus” and “vestibular schwannomas” or “acoustic neuromas” or “acoustic neurinomas” and “endoscopic third ventriculostomy”.
Two investigators independently reviewed the titles and abstracts identifying relevant articles. Editorial articles, letters to the editor, books, reviews, meta-analyses, and case reports were excluded.
After identifying the studies that met the inclusion criteria, 2 authors reviewed the selected articles in full text. A third author resolved points of disagreement, both in selection and data extraction.
The following information was collected from each article: authors and year of publication, sample number, percentage of patients with improvement after ETV, those who presented decreased ventricular diameter later EVT, and those who presented failure of ETV. In addition, the follow-up period of the cases was collected, as well as the criteria used to define ETV failure.
If the email address of the contact author was available in the article text, messages were sent to request non-explicit information. If no response was received, a second and final message was sent 21 days later.
Overall, the quality of the studies was assessed, using The Grades of Recommendations, Assessment, Development and Evaluation (GRADE) to carry out the certification of the evidence.(17)
After excluding articles that did not mention variables of interest and those with a sample of less than 2 patients, a total of 5 articles were included.
The search results are displayed in the PRISMA diagram (Fig. 1). The initial search found 195 articles, removal of duplicates excluded 133 articles, and the remaining 62 were reviewed. Those articles that did not meet the selection criteria according to the explicit information in the title or abstract were excluded, reviewing a total of 18 full-text articles. After full-text review, 5 articles were chosen for the study. Regarding non-explicit data, only 1 author responded, but was unable to provide new information.
The aim of the review is to specify the role of the endoscopic third ventriculostomy in hydrocephalus secondary to vestibular schwannomas.




DEVELOPMENT
The articles included a total of 82 patients, where an improvement of the symptoms was achieved in 86.6% of the cases (table 1). The decrease in ventricular diameter was reported in 82.9% of the cases and was only found explicit in 3 articles. Although the failure criteria used were varied (table 2), two of them predominated: the persistence of progressive symptomatic hydrocephalus and/or the need for shunt placement. EVT failure only represented 14.6% (12 patients). Shin et al.(18) did not state the follow-up period, but in the remaining studies it averaged 59.8 months.

Table 1 - Characteristics of the studies with ETV performed in hydrocephalus secondary to vestibular schwannoma (VS)
	[bookmark: _Hlk147592424]Authors/year
	Sample (n)
	Symptom improvement after ETV (%)
	Decrease in ventricular diameter later ETV (%)
	ETV failure (%)
	Average follow-up period (months)

	Hayhurst et al.(19)/2006
	8
	100
	-
	37.5
	34

	Ardakani et al.(20)/2014
	8
	-
	62.5
	25
	6

	Marx et al. (21)/2017
	6
	50
	33.3
	0
	132

	Marx et al.(22)/2018
	3
	100
	-
	0
	67.2

	Shint et al.(18)/2021
	57
	100
	100
	12
	-



Table 2 - Criteria used to define ETV failure in the studies
	Authors/year
	Criteria used to define ETV failure

	Hayhurst et al.(13) 2006
	Progressive symptoms of hydrocephalus
Cerebrospinal fluid (CSF) fistula that requires placement of a shunt for control

	Ardakani et al.(14) 2014
	Death related to ETV
Need to install derivative systems

	Marx et al. (15)/2017
	Progressive symptoms of hydrocephalus that require placement of a shunt

	Marx et al. (16)/2018
	Persistent hydrocephalus

	Shint et al. (12)/2021
	Symptomatic or imaging hydrocephalus secondary to tumor resection surgery, despite the application of a derivative procedure prior to it



The frequency of hydrocephalus secondary to posterior fossa tumors in pediatric patients is 70-90%, but data in the adult population are lacking.(5,14,23)
The rate of hydrocephalus in vestibular schwannomas ranges from 3.7-42 %, but at present, with the accessibility to diagnostic means, an incidence of 2.5% has been reported.(15)
In societies with easy access to health services, the symptomatic periods before diagnosis are shortened, resulting in lesions with small diameters in the initial studies and, therefore, less incidence of hydrocephalus.(24,25) However, in a series of 77 patients with vestibular schwannomas with diameters less than 3 cm, 9 cases showed communicating hydrocephalus.(26)
The cause of this non-obstructive (communicating) hydrocephalus could be the increase in protein levels of the cerebrospinal fluid,(15,26) especially in small tumors.(15) Other theories include alterations in the flow of  cerebrospinal fluid (CSF) in the basal cisterns, associated with the tumor, or increases in fibrinogen levels, meningeal adhesions caused by recurrent tumor bleeding and protein-induced arachnoiditis.(14)
However, in a study published in 2018 by Marx et al.(22) which included 243 adult patients, 52 had hydrocephalus, this being obstructive in all cases. Since the pioneering article by Sainte-Rose et al.(27) who showed that ETV before resective surgery of posterior fossa tumors in pediatric patients decreased the risks of perioperative complications and persistent hydrocephalus, an intense debate about its use in such circumstances can be found in literature. The point of greatest controversy is whether or not ETV is justified prior to tumor resection surgery, taking into account that only 20-30% of patients suffer from persistent hydrocephalus.(14)
This issue has not yet been resolved in adult patients. However, in previous works, the authors have shown that ETV in cases with posterior fossa tumors is a viable option, although these are only initial results.(11)
Norren et al.(28) reported that in most patients it is the tumor that produces hydrocephalus, and not its treatment. For this reason, in their series they only inserted a shunt in 9.2% of the cases that received radiosurgery for Gamma Knife, and in 5.5% before receiving it. The peritumoral reaction due to radiotherapy required a shunt in only 1.4% of cases.
Pirouzmand et al.(29) evaluated the contribution of radiosurgery in the development of hydrocephalus, but did not find significance (p= 0.1), with only 6.5% of the cases that received radiosurgery, those that presented hydrocephalus, lower than those that received only radiosurgery, observation (10.7%) and microsurgery (13.8%).
Although several authors suggest that this symptomatic hydrocephalus could be explained by the hypothesis of the release of proteins and cellular debris as a result of radiation-induced necrosis, such a mechanism has not been proven. It is also proposed that such a mechanism is not exclusive to the effect of radiotherapy, and that these substances can also be released by the tumor itself in cases treated conservatively or by the lesion in cases undergoing surgery.(30,31,32,33)
All types of hydrocephalus can be treated by placing a shunt, but the failure of this system is practically inevitable during the patient’s life. On the other hand, advances in neuroendoscopy have made it possible to manage hydrocephalus without the need to implant permanent shunt systems. A few years ago, ETV was established as the ideal form of treatment for obstructive hydrocephalus, but recent publications have shown its use to treat communicating forms in selected patients.(11,34)
Treatment options in hydrocephalus secondary to vestibular schwannoma (VS) vary from placement of an external ventricular drain to ventriculoperitoneal shunt (VPS) prior to surgery or radiosurgery, or primary tumor resection, with subsequent treatment of hydrocephalus in persistent cases. As hydrocephalus associated with ventricular schwannomas is theoretically reversible, the latter option seems reasonable, with the added benefits of preventing potential complications associated with more invasive procedures or eventual dependence on the shunt.(15)
In recent years, ETV has gained interest in this regard, but if the experience of performing neuroendoscopic procedures is low, the recommendation is to use external ventricular drainage.(14)
Not all patients require placement of a shunt system despite ventriculomegaly, being asymptomatic, but those with acute hydrocephalus or papilledema will require intervention. Some authors debate the algorithm used for this type of hydrocephalus, when a microsurgical excision has been planned, including the placement of the shunt before surgery, tumor resection before or after the bypass, or VPS only for those cases with progressive post-surgical hydrocephalus.(14,15)
Hayhurst et al.,(19) in 2006, published a retrospective study of 11 patients with hydrocephalus secondary to cerebellopontine angle tumors, where 8 had a vestibular schwannoma, and this subgroup showed a success rate of 62.5%. The remaining 3 patients did not show a cerebrospinal fluid leak or pseudo-meningocele after resection, so ETV could avoid the need for perioperative external ventricular drainage. In contrast to these results, other authors have reported pseudo-meningocele and cerebrospinal fluid leak rates of 17% and 21%, respectively, despite external ventricular drainage (EVD) placement.(29)
If the patient is not a candidate for tumor resection, due to advanced age or high co-morbidities, ETV can be a safe alternative to shunt. Hayhurst et al.(19) found no significant differences between primary ETV and those performed for hydrocephalus after radiotherapy, despite the fact that the number of patients is low.
Ardakani et al.(20) published a series of 8 cases, where they obtained the same success rate as Hayhurst et al.(19) but all the failed cases (3 patients) were related to meningitis. One of them died, and the other 2 required the placement of a shunt, which does not correspond to the main cause related to ETV failure: stoma closure due to gliosis or adhesions.(35,36)
In 2021, Shin et al.(18) published the largest institutional study on the treatment of hydrocephalus secondary to vestibular schwannomas, including 57 patients who received ETV, where 34 showed a communicating pattern and 23 obstructive. All cases were symptomatic. These authors report a failure rate of only 12% (7 patients). The analysis of the predictive factors showed that regardless of the technique used, an Evans index greater than or equal to 0.4, the cystic appearance of the tumor and a subtotal resection, may be related to the appearance of persistent hydrocephalus. A great limitation of this study is the non-declaration of the follow-up time of the cases. 
Marx et al.,(21) in 2017, published a series of 40 cases of ETV in patients with hydrocephalus secondary to posterior fossa tumors, where 6 presented hydrocephalus or ventricular dilatation due to a vestibular schwannoma, but only 3 showed symptoms. No patient received a bypass system in the postoperative period, which averaged 132 months. These authors do not recommend the use of prophylactic ETV in asymptomatic patients, reserving elective surgery in these cases. The following year they presented a retrospective study of 52 patients with hydrocephalus diagnosed before or after excision surgery for posterior fossa tumors, who received various forms of treatment. Only 8,6% of the cases in the series (3 patients) had a diagnosis of vestibular schwannoma and the technique used was ETV. Two of them were symptomatic before tumor resection, performed primarily, and in the remaining one, hydrocephalus presented 17 days after tumor resection. These researchers demonstrated in their series that despite an incidence of hydrocephalus of 21.4%, its persistent nature after tumor resection was very low (5.7%), which makes the use of ETV questionable. But they also observed a low incidence of surgical complications, especially cerebrospinal fluid leaks. However, it is difficult to compare the results, due to the wide heterogeneity of histological diagnoses of the subjects included in the study, however, they recommend the use of ETV in emergent situations with decompensated obstructive hydrocephalus, to then perform tumor resection surgery in the following days.(22)
One of the great limitations of the two previous studies is that these patients were included in the pool of cases, not performing any subgroup analysis, which makes it difficult to draw conclusions.
Another topic under debate is the management of persistent hydrocephalus. Its appearance, after surgical exeresis, is very infrequent. It may be related to anatomical distortion of the fourth ventricle, ependymal adhesions in it, or contamination of the arachnoid space by blood and its degradation products. Sometimes, the normalization of ventricular size may require a long period of time due to the decrease in ventricular elasticity caused by the chronicity of hydrocephalus.(37)
In a series published by Harati et al.(38) in 2017 that included a total of 49 patients with large vestibular schwannomas, only 16 showed obstructive hydrocephalus and only 6 required VPS for persistent hydrocephalus.
A larger number of cases in prospective cohorts is needed to issue clear recommendations.
In the authors’ view, based on the studies presented, ETV prior to surgery for large ventricular schwannomas may be warranted in selected patients with symptomatic obstructive hydrocephalus. However, ETV does not eliminate the risk of persistent hydrocephalus after tumor resection, which is relatively low. In a context with limited resources, where it is difficult to plan excision surgery within 72 hours of diagnosis and the high cost of referral systems, ETV acquires an added value. Based on this review, a possible algorithm in these cases is shown in figure 2.
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Fig. 2 - Possible algorithm in hydrocephalus secondary to vestibular schwannomas.

In conclusions, ETV is an acceptable technique for the treatment of symptomatic obstructive hydrocephalus secondary to ventricular schwannomas. Studies in this regard reveal relative success.
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