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A B S T R A C T   A R T I C L E   I N F O 

Hydrocephalus is the condition that has benefited the most 
from neuroendoscopy and is largely responsible for its 
emergence. The purpose of this study was to evaluate the 
application of endoscopic third ventriculostomy to treat 
obstructive triventricular hydrocephalus in the Neurosurgery 
Department. A descriptive study was conducted in a hospital 
in the Buenos Aires suburbs involving patients admitted to 
the neurosurgery department diagnosed with obstructive 
triventricular hydrocephalus. We reviewed 37 male patients 
(75.5 %) and 12 female patients (24.5 %). Hydrocephalus 
grade II was observed in 87.7%, and only 16.3% were 
associated with transependymal flow and hydrocephalus 
grade III. These imaging signs allowed us to diagnose the type 
of obstructive triventricular hydrocephalus, as well as to 
have an initial reference for postoperative evaluation and 
follow-up of diagnosed patients, relying on the dimensions of 
the third ventricle, Evans index, and Morlan scale for 
hydrocephalus grade, enabling quantification of these signs 
during their progression. 
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1. INTRODUCTION 
 

Hydrocephalus is cerebrospinal fluid (CSF) accumulation within the intracranial 
compartment due to a disorder in its production, circulation, absorption, or a combination of 
these factors (Kahle et al., 2016). In hydrocephalus, the increase in CSF goes beyond 
physiologically permissible limits within the ventricular system and the subarachnoid space 
due to disrupting its natural dynamics. This situation leads to severe and progressive 
neurological deterioration in the patient, necessitating mandatory medical assistance 
(Hochstetler et al., 2022). Hydrocephalus can be congenital or acquired. Congenital 
hydrocephalus presents at birth and can be caused by environmental influences during fetal 
development or genetic predisposition. Acquired hydrocephalus develops at birth or some 
points afterward (Becerra & Páez, 2022; Pérez, 2022; Silva et al., 2023).  

This type of hydrocephalus can affect people of all ages. It can be caused by an injury or a 
disease that leads to increased CSF volume, usually secondary to an obstruction (Karimy et 
al., 2020; Novoa-Rojas & Báez-Alarcón, 2023; Salazar et al., 2023). Childhood hydrocephalus 
poses a significant burden for all countries, especially in underdeveloped regions, where the 
proportion is higher than in countries with developed healthcare levels. In Latin America, the 
most common causes of hydrocephalus are linked to poor prenatal care and neonatal sepsis, 
meningitis, and ventriculitis, resulting in damage to the CSF drainage system (Apra et al., 
2019; Wang et al., 2020). Hydrocephalus is the condition that has benefited the most from 
neuroendoscopy and is largely responsible for its emergence (Morales et al., 2023). 
Specifically, in obstructive triventricular hydrocephalus, pre-mamillary third ventriculostomy 
is the most frequent neuroendoscopic procedure (Oliveira et al., 2019; Rodríguez-Portelles et 
al., 2023). It involves endoscopic perforation of the floor of the third ventricle, aiming to 
establish communication between the ventricular system and the basal cisterns of the brain, 
thereby resolving the obstruction at the level of the cerebral aqueduct or the fourth ventricle 
(Nakajima et al., 2021; Saltos et al., 2023; Verdesoto et al., 2023).  

Third ventriculocisternostomy is the procedure of choice in patients with obstructive or 
non-communicating hydrocephalus, regardless of etiology, with a sufficiently dilated third 
ventricle (more than 10 mm) to allow for endoscope use and adequate capacity for CSF 
reabsorption in the subarachnoid space (Catrambone & Ledwith, 2023; Jurado et al., 2023; 
Krejčí et al., 2021; Ramírez & Ruetti, 2023). Patients with hydrocephalus due to congenital 
stenosis of the Sylvian aqueduct and tumor obstruction of CSF circulation in any location 
beyond the Monro foramina (thalamic tumors, pineal tumors, tectal region, posterior fossa, 
etc.) constitute the primary indication for the procedure. Following these criteria, therapeutic 
success exceeds 90%, with failures caused solely by technical issues (Mejías et al., 2022). The 
objective of this study was to evaluate the application of endoscopic third ventriculostomy to 
treat obstructive triventricular hydrocephalus in the Neurosurgery Department. 

2. METHODS 
 

A descriptive study was conducted in a hospital in the Buenos Aires suburbs involving 
patients admitted to the neurosurgery department diagnosed with obstructive triventricular 
hydrocephalus. A study group was created, including those patients who underwent surgical 
intervention through the neuroendoscopic third ventriculostomy procedure. 

The study population consisted of 49 patients diagnosed with obstructive triventricular 
hydrocephalus, treated in the neurosurgery department, who underwent neuroendoscopic 
third ventriculostomy, forming the study group. The sample was selected based on inclusion 
and exclusion criteria. Inclusion Criteria include: 
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(i) Patients diagnosed with obstructive triventricular hydrocephalus based on clinical and 
imaging findings. 

(ii) Patients with obstructive triventricular hydrocephalus regardless of its cause. 
(iii) Patients who agreed to undergo endoscopic surgery as treatment. 

Exclusion Criteria include: 
(i) Patients whose study was not completed. 
(ii) Patients who declined to undergo endoscopic treatment. 

For methodology and intervention, upon arrival at the neurosurgery department through 
the emergency room or outpatient consultation, patients underwent a detailed neurological 
interview and physical examination. This was complemented by fundus examination and 
imaging studies. Based on these elements, patients were either hospitalized for urgent 
neuroendoscopic surgery, depending on their neurological condition, or, if feasible, elective 
surgical treatment was planned. Using computed tomography (CT) images, the dilation of the 
lateral and third ventricles was determined. The EVANS index (Figure 1) was calculated, which 
involves the greater diameter of the frontal horns of the lateral ventricles and the greater 
biparietal diameter being more than 30% of the diameter of the third ventricle. The degree 
of hydrocephalus was assessed using the Marlon scale (Figure 2), considering the presence of 
the temporal horns of the lateral ventricles, trans ependymal flow, decreased subarachnoid 
space, and other imaging elements indicating obstructive hydrocephalus. Furthermore, this 
imaging study also aided in diagnosing the possible etiological cause of obstructive 
hydrocephalus. 

 

Figure 1. Measurement of ventriculomegaly on axial CT. 

 

Figure 2. Application of the Marlon scale. 
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Once diagnosed and in compliance with the surgical indications for endoscopic surgery, 
the patient underwent preoperative studies. Depending on the patient's condition, it was 
announced for elective or emergency surgery, performing neuroendoscopic treatment. In the 
case of triventricular obstructive hydrocephalus, fenestration of the floor of the III ventricle 
was performed directly, and in cases where the cause of obstructive hydrocephalus was an 
intraventricular tumor or cyst, it was treated with endoscopic resection or sampling for 
anatomopathological study. All these patients were given informed consent before surgery, 
as a legal document authorizing the neurosurgical procedure (Ruiz et al., 2023). 

 The patients were recovered in the first 24 hours in the intensive care ward and then 
transferred to the neurosurgery ward. After the first 72 hours of the postoperative period, CT 
was indicated, if it was not previously necessary due to some complication depending on the 
surgical technique. For ethical aspects, medical research is subject to ethical standards that 
serve to promote respect for all human beings and to protect their health and individual 
rights. Some populations subjected to research are vulnerable and need special protection. 
This research has complied with the basic principles of medical bioethics and the Declaration 
of Helsinki (Diaz & Albanese, 2023). 

3. RESULTS AND DISCUSSION 
 

Forty-nine patients with triventricular obstructive hydrocephalus underwent endoscopic 
third ventriculostomy (TVE). In terms of age groups, those under 20 years of age 
predominated with twelve patients (24.5 %), followed by the 21 to 30 years age group with 
eleven patients (22.4 %), the 31 to 40 years age group with eight patients (16.3 %); the 41 to 
50 years age group with ten patients (20.4 %), the 51 to 60 years age group with five patients 
(10.3 %), and those over 60 years of age with only three patients (6.1 %). Most of the literature 
reviewed studies pediatric patients since this pathology is more frequent in this stage of life 
(45). We reviewed 37 male patients (75.5 %) and 12 female patients (24.5 %) (see Table 1). 

Table 1. Symptoms and clinical signs of patients with triventricular obstructive 
hydrocephalus. 

Symptoms and clinical signs N % 
Headache 49  100  
Vomiting  27  55.1  
Papilledema  33  67.3  
Alteration of the level of consciousness.  13  26.5  
Alteration of the upper psychic sphere.  4  8.2  
Alteration of psychomotor development  5  10.2  
Motor defect  7  14.3  
Macrocephaly 5  10.2  

 
Table 1 shows the clinical symptoms and signs present in patients with triventricular 

hydrocephalus, with headache being the symptom present in 100% of patients, followed by 
papilledema in 67.3%, vomiting in 55.1%, altered level of consciousness in 26.5%, motor 
defect in 14.3%, altered psychomotor development and macrocephaly in 10.2% and only 
alteration of the upper psychic sphere in 8.2%. Symptoms and signs of presentation and 
evolution over time of hydrocephalus depend on the age of the patient (Lefevre et al., 2023; 
Sulibele et al., 2023; Tandon, 2021). 
(i) In children:  

• An extraordinarily large head or rapid increase in head circumference.   
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• Vomiting, sleepiness, irritability, downward eye deviation ("sunset"), and/or seizures.   
(ii) In older children or adults: 

• Headaches. 

• Nausea 

• Papilledema 

• Downward drifting of the eyes   

• Balance problems   

• Blurred vision or diplopia (double vision)   
Table 2 presents the imaging signs found in patients with obstructive triventricular 

hydrocephalus, where decreased subarachnoid space, Evans index greater than 0.30, third 
ventricle greater than 10 mm, and dilation of the lateral and third ventricles were present in 
100% of the patients. Hydrocephalus grade II was observed in 87.7%, and only 16.3% were 
associated with transependymal flow and hydrocephalus grade III. These imaging signs 
corresponded to those described in the reviewed literature. These imaging signs allowed us 
to diagnose the type of obstructive triventricular hydrocephalus, as well as to have an initial 
reference for postoperative evaluation and follow-up of diagnosed patients, relying on the 
dimensions of the third ventricle, Evans index, and Morlan scale for hydrocephalus grade, 
enabling quantification of these signs during their progression. Hydrocephalus grades are 
determined using the Morlan scale (Cuétara et al., 2021; Hidalgo et al., 2022; Jiménez et al., 
2022; Tiban & Coronado, 2023). 

Table 2. Imaging signs in patients with triventricular obstructive hydrocephalus. 

Imaging signs N % 
Decreased subarachnoid space  49  100  
Evans index greater than 0.30  49  100  
III ventricle greater than 10 mm  49  100  
Dilatation of lateral ventricles and III ventricle  49  100  
Trans ependymal flow  8  16.3  
Grade II hydrocephalus  41  87.7  
Hydrocephalus grade III 8  16.3  

 
To establish this scale, the following is required:  

(i) Use the superior axial cut above the third ventricle. 
(ii) Draw a mid-sagittal medial line from the front-occipital inner cranial table and establish 

an equidistant point between both ends. 
(iii) From this equidistant point, draw a line toward the cranial vault or parietal inner table. 
(iv) Measure the distance on this line between the equidistant point of the sagittal line and 

the ventricular wall. 
(v) Measure the distance on this line between the equidistant point of the sagittal line and 

the inner parietal table. 
(vi) Then, this last measurement is divided by five to obtain the value of each segment in 

successive accumulation from the equidistant point. 
(vii) Ventricular dilation will occupy one of these segments, identified by the measurement 

from the equidistant point to the ventricular wall. 
(viii) The first segment closest to the equidistant point will always be the segment normal 

ventricles occupy. 
(ix) The second segment corresponds to hydrocephalus grade I. 
(x) The third segment corresponds to hydrocephalus grade II. 
(xi) The fourth segment corresponds to hydrocephalus grade III. 
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(xii) The fifth segment corresponds to hydrocephalus grade IV. 
(xiii) These segments II-III-IV-V correspond to hydrocephalus grades: mild, moderate, severe, 

and very severe, respectively. 
(xiv) Since the measurement is in millimeters, the same measurement extrapolated to 

centimeters will be copied (on separate paper) to visualize the extreme measurements 
of the segment better. 

(xv) If the ventricular wall reaches the proximal half of any segment from grade I to IV, it will 
be labeled as "initial" hydrocephalus. If it occupies the distal half of the same segment, 
it will be labeled as "final" hydrocephalus. 

All tomographic and pathological examinations must be immediately drawn by the 
neurosurgeon in the clinical record, indicating the degree of hydrocephalus and whether it is 
in the initial or final part of that segment (Adakawa, 2022). 

For the Evans index, the greatest distance between the frontal horns is taken between the 
external table distance and the biparietal external table distance. If this exceeds 0.30, we are 
dealing with hydrocephalus (Maruno et al., 2020; Timmers et al., 2019). 

Regarding the distribution of patients according to the cause of obstructive triventricular 
hydrocephalus, the results show the cause of obstructive triventricular hydrocephalus in the 
studied patients. It can be observed that aqueductal stenosis was the cause in over half of the 
patients, accounting for 63.3%, followed by intracranial tumor (14.3%), arachnoid cyst 
(12.2%), post-infection of the CNS (6.1%), and post-traumatic brain injury (4.1%). 

The main causes of obstructive triventricular hydrocephalus reported in the literature are 
stenosis or obstruction of the Sylvian aqueduct, being the most common cause of congenital 
hydrocephalus. It results from aqueductal obstruction due to infection, hemorrhage, or 
tumor. Intraventricular hemorrhage is an acquired form of hydrocephalus that often affects 
premature babies. Meningitis is inflammation and infection of the membranes (meninges) 
surrounding and protecting the brain and spinal cord. It can be caused by bacterial or viral 
infections, which may lead to scarring or fibrosis of the membranes along the pathways of 
cerebrospinal fluid drainage. Traumatic brain injury, brain tumors in the posterior fossa, and 
arachnoid cysts, which are congenital and can occur anywhere along the brain, are also causes 
of obstructive triventricular hydrocephalus (Bridon, 2022; López et al., 2022; Oporto, 2022). 

Raouf and colleagues conducted a study to evaluate the efficacy of ETV in treating post-
infectious hydrocephalus in a single group of patients. They concluded that the procedure is 
simple, safe, and effective for treating non-inflammatory etiologies of obstructive 
hydrocephalus and post-inflammatory hydrocephalus, especially when the aqueduct is 
obstructed (Yamamoto et al., 2022). 

Severe distortion of ventricular anatomy can result from meningitis/ventriculitis with 
consequent post-infectious hydrocephalus. This distortion often hinders the performance of 
ETV due to severe adhesions of ependymal structures secondary to ventriculitis, occasionally 
making the procedure technically impossible. In ideal conditions, CSF should be sterile and 
have minimal cellularity (Taffin et al., 2020; Toubol et al., 2021). 

The most common ventricularoscopic features include yellowish inflammatory exudates, 
hemosiderin stains on the ependyma, and thickening of the membranes, particularly on the 
third ventricle floor. Obstruction of the Sylvian aqueduct can be observed due to pus, 
hemosiderin, or post-infectious ependymal thickening. Almost always present in these cases 
is ventricular septation, causing multi-septated or multi-compartmental hydrocephalus. 
These cases require fenestration of the septa to achieve a single communicable ventricle, as 
a third ventriculostomy does not work in these cases, and a free ventricle is needed to place 
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a ventriculoperitoneal shunt (Bacigalupe, 2023; Barrera-Lemarchand et al., 2023; Benítez et 
al., 2023; Ugarte & Trunzo, 2021). 

When there is a disorder in CSF absorption at the level of arachnoid villi or damage to 
venous drainage, ETV will not work since even diverting the flow of CSF from blocked 
structures; absorption mechanisms may be damaged in some cases of meningitis and 
ventriculitis or possibly due to underdevelopment of absorption mechanisms (Enríquez-
Pérez, 2022; Gómez, 2022). 

Table 3 displays the types of complications found in the study. Among the neurological 
complications identified, a small amount of pneumocephalus predominated in three patients 
(6.1%), a complication observed in the early cases of the studied series. With improved 
patient positioning and surgical technique, this complication gradually disappeared in 
subsequent cases. Intraventricular hemorrhage (2.0%) related to the procedure required an 
external shunt placement followed by a definitive ventriculoperitoneal shunt, and stoma 
closure (2.0%) was resolved when the neuroendoscopic technique was repeated for the 
second time. Extraneurological complications were reported in three patients, with two 
(5.7%) experiencing respiratory complications, particularly respiratory infections, and one 
(2.0%) developing a pressure ulcer. Both of these complications were linked to the 
pathologies causing triventricular hydrocephalus, such as intracranial tumors, where patients 
had prolonged bed rest, leading to these secondary complications and not directly to the 
surgical technique itself (Horta & García, 2023; Ibarzábal, 2003; Ron et al., 2023; Torres et al., 
2023). 

Table 3. Distribution of patients according to types of complications encountered. 

  Complications N % 
Neurological  
 

Intraventricular hemorrhage  1  2.0  

Small pneumoencephalus.  3  6.1  
Stoma closure  1  2.0  

Extraneurological Respiratory  2  4.1  
Pressure ulcer 1  2.0  

 
A series of complications related to the surgical procedure have been published, which can 

be classified as major or minor based on severity. These complications are directly related to 
the learning curve that neurosurgeons experience with this technique. Recognizing 
ventricular anatomy, orienting within the postal (an anatomical landmark), and identifying 
the targeted elements are crucial. Failing to do so can lead to significant mishaps during the 
procedure. Among the minor complications reported are mild bleeding, which can be 
controlled with irrigation; trapped air, which may cause postoperative dizziness, nausea, and 
headaches; non-infectious postoperative fever; and delayed awakening from anesthesia 
(Lescalle-Ortiz et al., 2022). Major complications include severe bleeding due to rupture of a 
septal or thalamostriate vein, which may require converting endoscopy into craniotomy to 
control the injured structures; basilar artery trauma, post-traumatic aneurysms, penetration 
of parenchymal structures, and subdural hematomas. Jones described aborted ETVs due to 
bleeding that hinders premaxillary fenestration, causing intraoperative bradycardia. This 
complication, also described by Handler, results from excessive irrigation, leading to 
intracranial hypertension and reflex bradycardia (Lundar & Due-Tønnessen, 2021; Mijderwijk 
et al., 2019; Ujjan et al., 2022). 

In a series of 173 consecutive neuroendoscopies by Teo et al., 7% of complications with 
varying degrees of hypothalamic trauma were reported, including diabetes insipidus, 
hyperphagia, polydipsia, and amenorrhea. Similarly, 13% of controlled minor complications 
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were reported (Carestia et al., 2023; Matos-Rodríguez et al., 2023). The use of stereotactic 
guides, as well as neuronavigation, enhances technique efficiency and reduces complications. 
Jones reported only 5% morbidity with no mortality when combining stereotaxy with 
endoscopy in a single procedure. Mortality rates are lower than 2%. The most feared 
complication is the injury of a major arterial vessel, resulting in rapid and profuse 
hemorrhage, clouding vision, and preventing coagulation (Alieva et al., 2022; Debs et al., 
2021). 

In most cases, this is fatal. Procedure-associated morbidity varies and mostly relates to the 
patient's condition and the surgeon's experience. It includes intraventricular and 
parenchymal bleeding, infection, transient paralysis of oculomotor cranial nerves, midbrain 
lesions, confusion attributed to fornix injury, asymptomatic subdural hematomas, and acute 
subdural hematomas (Sembay & Macedo, 2022). Delayed awakening from anesthesia can 
occur due to ionic changes in CSF or manipulation of the hypothalamus, as well as respiratory 
depression due to very cold irrigation solutions that affect chemosensitive brain structures. 
Postoperative CSF leaks, commonly seen in infants, can occur and should be avoided by 
ensuring a tight closure. Ventriculitis, whether secondary to a CSF leak or intraoperative 
contamination, should be considered for early diagnosis and specific treatment due to its 
severity (Cardoza et al., 2023; Catrambone & Ledwith, 2023; González et al., 2022; Moreno et 
al., 2022; Sargenton-Savon et al., 2023). 

Procedure failures are attributed to tumor progression, reduced CSF reabsorption capacity, 
ventriculostomy closure in patients with low pressure, or reduced flow through partially 
functioning shunt systems. Failures can also occur in high protein and fibrinogen 
concentration cases, as in cases of infection or post-ventricular bleeding. Fukuhara found that 
preoperative infections are a high-risk factor for third ventriculocisternostomy failure, as only 
11.1% of patients with meningitis remained symptom-free after five years of follow-up (Al-
Hakim et al., 2019; Choudhary et al., 2020; Gonzalez-Argote, 2022; Mbaye et al., 2020). 

Advancements in anatomical knowledge of the ventricular system, understanding of its 
three-dimensionality, and improved imaging techniques and virtual reality will soon make 
neuroendoscopy a rapid, risk-free, and highly efficient intervention for controlling conditions 
where it is formally indicated (Aleem Ragab et al., 2023). 

Table 4 shows the postoperative clinical evaluation in patients operated for triventricular 
obstructive hydrocephalus by neuroendoscopy, evaluating as favorable when the clinical 
manifestations present before surgery were reversed, as unfavorable when their symptoms 
and signs did not improve, and as stationary those patients who maintained the same 
characteristics of their symptoms and signs. In the sample of forty-nine patients at seven days, 
forty-three patients evolved favorably (87.8 %), five with a stationary evolution of their 
symptoms and clinical signs (10.2 %), and only one evolved unfavorably (2.0%) due to 
intraventricular hemorrhage for which he underwent external shunting and then definitive 
ventriculoperitoneal shunting. Of these five patients with stationary evolution at seven days 
during follow-up, one underwent a second TVE due to stoma closure, and the remaining four 
underwent a definitive ventriculoperitoneal shunt. The clinical evaluation at 3 months was 
favorable in forty-four patients (89.8 %) and five with unfavorable evolution (10.2 %) requiring 
a ventriculoperitoneal shunt system placement.  

Postoperative evaluation includes clinical and imaging aspects. Clinical efficiency is 
evaluated with the remission of signs and symptoms secondary to endocranial hypertension 
(Díaz-Chieng et al., 2022; Figueroa et al., 2023; Sánchez et al., 2022; Sebo et al., 2023; Zhang, 
2022). 
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Table 4. Postoperative clinical assessment at seven days and three months. 

  7 days 3 months 

N  % N % 
Favorable  43   87.8  44  89.8  
Unfavorable  1   2.0  5  10.2  
Stationary  5   10.2  -  -  
Total 49   100  49  100  

 
 Table 5 presents the radiological evaluation of patients operated on for obstructive 

triventricular hydrocephalus using neuro endoscopy. At seven days, forty-one patients 
showed favorable evolution (83.7%), seven remained stable (14.3%), and only one showed 
unfavorable outcomes (2.0%). Among these forty-nine patients followed up and subjected to 
imaging studies at three months, forty-four exhibited favorable outcomes (89.8%), while five 
had unfavorable outcomes (10.2%) and required definitive ventriculoperitoneal shunt 
placement. 

Radiological assessment should be conducted cautiously, as the percentage of patients 
showing improvement in ventricular size is low, and conversely, there might be radiological 
improvement without clinical improvement. When there is suspicion of procedure failure, the 
gap's persistence in the third ventricle floor is evaluated using non-invasive dynamic CSF 
studies like cine MRI or transfontanelar ultrasound. Cases have been described where 
hydrocephalic symptoms reappeared several months after the third ventriculostomy due to 
total or partial obstruction of the floor caused by neoformation of membranes (Cano et al., 
2023; Gupta, 2022; Kumar et al., 2023; Vallejo, 2023). Radiological Criteria Suggested by 
Cinalli in 2004 for Good Results: 
(i) Reduction of ventricular size between 10% and 50% on the seventh day. 
(ii) Disappearance of periventricular edema. 
(iii) Preoperative studies show a bulging third ventricle floor, which becomes linear after 

surgery. 
(iv) Diverticula disappear in the postoperative period. 

Grooves and cerebral convolutions, previously obscured by cerebral compression, become 
visible. 

Table 5. Postoperative imaging evaluation at the first seven days and three months applying 
the Cinalli 2004 criteria. 

  7 days 3 months 

N   %  N  %  
Favorable  41   83.7  44  89.8  
Unfavorable  1   2.0  5  10.2  
Stationary  7   14.3  -  -  
Total 49   100  49  100  

  
There is literature suggesting that the most important imaging study for evaluating the 

effectiveness of ETV in the postoperative period is cine MRI with contrast (55, 60, 65, 66). A 
new technique called 3DSPACE has been developed based on the T2 sequence of MRI with 
3D reconstructions. This technique provides information about CSF circulation, differentiating 
between stagnant and circulating CSF. Flow dynamics can be detected, particularly at the 
ventricular level (Grover et al., 2022). These data are used for patient evaluation pre-and 
postoperatively. Images obtained using 3DSPACE can be reconstructed in any desired plane, 
providing physiological and morphological data. In analyzing the outcome of 

http://dx.doi.org/10.17509/xxxx.


Gonzalez-Argote, Neurotechnology Applied to Medicine. Analysis of Patients …  | 342 

DOI: http://dx.doi.org/10. 17509/xxxx.xxxx 

p- ISSN 2776-6098 e- ISSN 2776-5938 

neuroendoscopic treatment in obstructive triventricular hydrocephalus, ETV was successful 
in forty-four patients (89.8%), while only five patients (10.2%) experienced failure. One 
patient underwent external shunt placement due to intraventricular hemorrhage and later 
definitive ventriculoperitoneal shunt placement. Four patients underwent 
ventriculoperitoneal shunt placement during follow-up.  

This result was also evaluated using the Glasgow Outcome Scale, with 100% of cases 
showing good recovery. ETV efficacy was assessed considering clinical and radiological 
criteria. The ETV is considered a failure if additional surgical measures are needed due to 
symptom recurrence or unresolved symptoms (Moreno & Castro, 2022). A satisfactory 
outcome involves sustained clinical improvement throughout the follow-up without requiring 
additional surgery. Radiological improvement is also included in the result evaluation, 
coinciding with authors who incorporate imaging criteria for evaluation. Wellons includes 
reduction of ventricular size in criteria for a satisfactory outcome. Brockmeyer specifies in the 
same context that ventricles can maintain the same size or decrease. Cinalli includes the 
absence of radiological signs of active hydrocephalus to deem endoscopic ventriculostomy 
effective (Salem-Memou et al., 2020). 

Several factors contribute to intervention failure, categorized into two groups. In group 
one, technique-related factors include the size of the ventriculostomy and the lateral location 
of the ventriculostomy. For the second group, patient-related factors related to 
(i) Etiology of hydrocephalus. 
(ii) History of CNS infection. 
(iii) Presence of dense arachnoid adhesions in the basal cisterns. 
(iv) Intraparenchymal or subarachnoid hemorrhage. 
(v) Holocranial radiotherapy. 
(vi) Malignant tumors. 

Indicators of early ventriculostomy failure include CSF fistula formation and lack of 
ventricular volume reduction three months after treatment. Revision and, if necessary, new 
ventriculostomy have been reported in the literature with a high success rate (90%) when 
appropriately indicated. In this series of forty-nine patients, only one case was detected with 
stoma closure and no clinical improvement at the 3-month evaluation. A second ETV was 
performed with satisfactory results. This outcome corresponds to a study conducted at the 
Prof. Dr. R. Rossi Hospital Neurosurgery Service in La Plata, Argentina, where 14.2% of 140 
patients required a second ETV due to failure of the initial procedure. Given the low rates of 
mortality and morbidity associated with the procedure and its potential benefits for the 
patient, it is recommended that, in the event of ventriculostomy failure and following a 
thorough analysis of the indication, endoscopic exploration and, if ventriculostomy 
obstruction is found, the procedure be repeated to capitalize on the benefits of shunt 
independence (Sánchez, 2023). 

In a study by Romero et al., preoperative and transoperative risk factors were analyzed, 
and an intraoperative scale was suggested to predict ETV failure. Factors identified included: 
(i) Abnormal ventricular anatomy. 
(ii) Intraoperative incidents. 
(iii) Opening the Liliequist membrane in a secondary endoscopic maneuver. 
(iv) Thickened or multiple membranous structures in the subarachnoid space. 
(v) Absence or weakness of pulsations on the floor of the third ventricle after ETV 

completion. 
(vi) Need for coagulation of the premaxillary membrane edges. 
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In forty-two patients, hospital stays did not exceed 7 days (85.7%), five patients stayed for 
7 to 14 days (10.2%), and only two stayed for more than 14 days (4.1%). In most cases, 
minimally invasive surgical techniques reduce hospital stays, which is closely related to the 
economic costs of extended hospitalization. In the studied series, longer hospital stays of 7 to 
14 days or more than 14 days were associated with the cause of obstructive triventricular 
hydrocephalus, specifically intracranial tumors, and not with the neuro endoscopic procedure 
itself.  This study gives additional information regarding medical and health science. Indeed, 
this will bring more information for futher research in medical and health science as reported 
in previous reports (Ahsan et al., 2021; Ahsan et al., 2022a; Ahsan et al., 2022b; Ahsan et al., 
2022c; Ahsan, 2023; Rana et al., 2022). 

4. CONCLUSION 
 

Of the 49 patients with triventricular obstructive hydrocephalus who underwent EVT, the 
predominant age group was under 20, and the patients were male.  Among the clinical 
symptoms and imaging signs that mostly occurred in these patients were headache, vomiting, 
and papilledema, accompanied by dilatation of the lateral ventricles and III ventricle, with 
Evans index greater than 0.30 and decreased subarachnoid space. Of the causes of 
triventricular obstructive hydrocephalus, stenosis of the aqueduct of Sylvius was the most 
frequent in these patients, followed by brain tumors, this cause being related to four of the 
five patients in whom TVE failed, with the need for definitive ventriculoperitoneal shunting.  
Small pneumocephalus was the most common neurological complication.  In general, the 
outcome of TVE in patients operated on with triventricular hydrocephalus of obstructive 
cause in their clinical and postoperative imaging evaluation was successful with a good 
recovery in 44 patients which constituted 89.8 % of the cases. The hospital stay is also 
significantly reduced, which brings a lower possibility of nosocomial infections, lower 
hospitalization costs, and faster incorporation of the patient into his normal life. Endoscopic 
procedures are an alternative technique with advantages over conventional techniques in 
that they are fast, safe, and effective. 
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