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Abstract 

Background Ventricular shunts are one of the most frequent techniques used for the management of hydrocepha‑
lus. The ventriculoperitoneal shunt (VPS) is the most commonly performed procedure, and the ventriculoatrial shunt 
(VAS) is the second option in most medical centers. The main objective of this study is to introduce and describe 
a surgical approach for VAS outlining our experience and comparing it with traditional shunting techniques.

Methods In this retrospective cohort comparison study, we included patients with hydrocephalus treated with a sur‑
gical procedure between January 2010 and February 2021 at a single academic institution. We categorized the pro‑
cedures into two groups: patients with VPS and conventional VAS grouped together into the conventional technique 
(CT) group, and the second group was patients with whom we performed VAS with complete internal jugular vein 
occlusion (IJVOT). We compared the surgical time, postoperative complications, and occurrence of shunt failure 
among the groups by performing univariate analysis using the Fisher exact test.

Results Out of the 106 patients included in the analysis, IJVOT was performed in 66 patients, and CT in 40 patients. 
The median surgical time was 60 min (IQR 60–90) for IJVOT versus 100 min (IQR 60–120) for CT (p < 0.01). In the follow‑
up a month after the procedure, 83.3% of patients with IJVOT and 62.5% of patients with CT did not require shunt 
removal or shunt revision (p < 0.01). Shunt revision rates were 12.5% and 1.5% for CT while 1.5% and 2.5% for IJVOT 
at 1 and 6 months after the procedure.

Conclusion Our findings demonstrate that VAS with IJVOT is a safe method that exhibited shorter surgical 
times and outcomes comparable to CT. However, since the present study represents the first cohort evaluating IJVOT, 
it is imperative to conduct larger prospective studies, along with clinical trials, to fully explore and establish efficacy, 
long‑term outcomes, and an in‑depth comparison among shunting techniques.
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Background
Reports in the literature date back to about a century 
of efforts to find techniques and devices that adapt in 
the most physiological and least morbid way to the 
needs of cerebrospinal fluid (CSF) evacuation in the 
treatment of hydrocephalus [1, 2]. Some of the most 
used techniques are ventricular shunts and with them, 
there are several techniques in relation to the final site 
of the distal catheter. Sites of diversion include the 
peritoneum, right atrium, venous system of the neck, 
skull, pleura, gallbladder, and ureters [1, 3, 4]. Since the 
1950s, with the advent of silicone catheters program-
mable valves, the ventriculoperitoneal shunt (VPS) 
emerged as the first alternative for managing all types 
of hydrocephalus, including the hydrocephalus in chil-
dren and replacing the first described ventriculo-atrial 
shunting (VAS) [5–7].

However, studies have shown that shunt systems 
often require revision or reintervention, with only 
25–33% of shunts reaching a 10-year lifespan without 
further intervention, and approximately 60–75% last-
ing 2  years without reintervention [3]. The outcomes 
appear to be slightly better for VPS; nonetheless, there 
are no randomized controlled trials comparing the var-
ious shunting techniques, making it difficult to identify 
the merits of one method over the other [8].

In the present paper, we describe our experience 
using a distinct approach that we have been using at 
our institution as the first alternative for managing 
hydrocephalus; ventriculo-atrial shunting with internal 
jugular vein occlusion. We present details about this 
technique, summarizing the critical points of the pro-
cedure, the catheter insertion, positioning, and fixation 
in the jugular vein, as well as the description of clinical 

results during the 1-year follow-up and comparison 
with conventional shunting techniques.

Methods
Study design
After obtaining IRB approval, we conducted a retro-
spective cohort comparison study, including all patients 
with hydrocephalus treated with a surgical procedure 
between January 2010 and February 2021 at a single aca-
demic institution (Clinica Chicamocha, Bucaramanga, 
Colombia).

Exclusion criteria
This study decided to exclude all patients with ventricular 
shunts performed under 3 years old (given that our VAS 
technique was not performed in patients under the age 
of three); patients with initial surgery in another institu-
tion, as it was not possible to establish the initial surgical 
technique; procedures that included shunt revision; and 
patients undergoing non-ventricular shunts (cysto-peri-
toneal shunt and subdural-peritoneal shunt). A detailed 
flowchart of the exclusion process is shown in Fig. 1.

Variables and outcomes
We evaluated the results in two groups: patients with 
VPS and conventional VAS that conformed to the con-
ventional technique (CT) group, and the second group 
were patients to whom we performed VAS with the com-
plete internal jugular vein occlusion technique (IJVOT). 
The primary outcomes evaluated during the 1-year 
follow-up were shunt removal and shunt revision. Each 
electronic medical record was revised, and data were col-
lected from the surgical description as well as follow-up 
appointments at the end of the first, sixth months, and 

Fig. 1 Flow chart of the exclusion process prior to analysis. *VP: ventriculoperitoneal; VA: ventriculoatrial; IJVOT: internal jugular vein occlusion 
technique
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1 year after the date of the procedure to assess for com-
plications, shunt removal, and shunt revision. The need 
for shunt revision was considered based on the physi-
cian’s discretion according to signs, symptoms, or imag-
ing findings related to system malfunction.

Statistical analysis
Procedures were categorized based on the shunting 
technique and compared through univariate analysis. 
Categorical variables were presented as proportions 
and analyzed using the χ2 test. Continuous variables, 
expressed as medians and dispersions with interquar-
tile range (IQR) due to non-normal distribution, were 
compared using the Mann–Whitney U test. Fisher’s 
exact test was used to evaluate the association between 
each variable and the two outcomes of interest (shunt 
removal and shunt revision). A significance level of 
P = 0.05 was applied to all comparisons. Statistical 
analyses were conducted using STATA 17 (StataCorp, 
College Station, TX, USA).

Ethics approval and consent to participate
The study was approved by the Human Subjects Com-
mittee in accordance with the Declaration of Helsinki 
of the World Medical Association and with Resolution 
8430 (1993) of the Ministry of Health of Colombia. The 
patients/participants provided their written informed 
consent to participate in this study.

Surgical technique
The patient is supine, under general anesthesia, and 
with a subscapular pillow to achieve mild neck exten-
sion. An oblique incision is made in the right anterior 
cervical region over the skin fold. Then, the platysma 
muscle is incised, followed by the separation of the ster-
nocleidomastoid muscle laterally. Identification of the 
neck neurovascular bundle: After the internal jugular 
vein is separated from the carotid artery and the vagus 
nerve, a suture around the proximal and distal parts of 
the internal jugular vein is placed (Fig. 2A). The proximal 
catheter is positioned using the conventional shunting 
parameters, identifying the Kocher point, and directing 
it at an angle that is perpendicular to the intersection of 
lines drawn from the ipsilateral medial canthus and the 
ipsilateral external auditory meatus trying to position 
the ventricular catheter in the frontal horn of the lateral 
ventricle a level of Foramen of Monro [9]. Subsequently, 
we perform a complete occlusion of the internal jugular 
vein proximal to the distal catheter entry (Fig. 2B). Later, 
a venotomy is performed, and after the insertion of the 
distal atrial catheter in the internal jugular vein is real-
ized, the distal catheter is advanced approximately 13 cm 
(Fig. 1C). Following this, we recommend catheter fixation 

to the vein with silk in the distal region (Fig. 1D). At the 
end, the revision of hemostasis and closure is done.

Results
Baseline patient characteristic
One hundred and six patients were included in our 
analysis; 66 patients in the IJVOT group (62.3%), and 40 
in the CT group (37.7%). The median age was 50 years; 
the minimum age was 3  years old, and the maximum 
was 89 years old. There were slightly more females than 
males; communicating hydrocephalus was seen in 55 
patients (51.8%), followed by obstructive hydrocephalus 
in 37 patients (34.6%), and lastly normal pressure hydro-
cephalus in 14 patients (13.1%). Causes varied, with the 
most common etiology identified as obstruction second-
ary to a posterior fossa tumor. The most common side of 
the procedure was the right and the most frequent type 
of valve used was the programmable Hakim valve, used 
in 83 patients (78.3%) (Table 1).

Comparison of shunting technique
Univariate analysis comparing age, sex and type of hydro-
cephalus did not find a statistically significant difference 
between groups (p > 0.05) (Table 1). However, oncologic 
conditions and the placement of programmable Hakim 
valves were more common in the IJVOT group (p < 0.01). 
The median surgical time was 60  min for IJVOT and 
100  min for conventional techniques; then, the surgical 
time was 40 min less in the group with IJVOT, which was 
statistically significant (p < 0.01).

Outcomes
Only one surgical complication was registered in the 
study. This patient underwent IJVOT and developed a 
hematoma in the neck, which was identified early and 
required a new surgical procedure for revision and 
hemostasis. The bleeding was in the surgical bed but 
not from injury to the internal jugular vein. The hemo-
stasis and closure were performed without further com-
plications. No surgical complications were observed in 
the CT group.

In the follow-up 1 month after surgery, a shunt revision 
was required in 12.5% of patients in the CT group, com-
pared to 1.5% of patients with IJVOT; and this difference 
was statistically significant (p = < 0.01). Most patients in 
the IJVOT group (83.3%) had the system unchanged at 
the end of the first month, compared to 62.5% in the CT 
group (p = < 0.01). Moreover, there was a trend of lower 
rates of shunt removal or revision in the IJVOT at 6 and 
12 months, although this difference did not reach statisti-
cal significance (Table 2).

Eighty-six patients completed the 1  year follow-up. 
Sixteen patients died during this period (as shown in 
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Table  3); 10 of them were part of the CT group (25%), 
while the remaining 6 belonged to the IJVOT group 
(9%), but the difference did not reach statistical signifi-
cance (p = 0.21). Most deaths occurred during the first 
month of follow-up and were secondary to hydrocepha-
lus in association with life-threatening conditions. The 
causes of death were diverse and included autoimmune 
encephalitis (n = 1), aneurysmal subarachnoid hemor-
rhage (n = 3), post-infective hydrocephalus (n = 4), post-
traumatic hydrocephalus (n = 1), posterior fossa tumor 
(n = 5), and supratentorial brain tumor (n = 1). Notably, 
only one patient with normal pressure hydrocephalus 
died; he presented with bilateral subdural hematomas 
3  months after the shunt surgery. He required subdural 
hematoma drainage and succumbed one week after the 
procedure due to a sudden cardiorespiratory arrest. It is 
worth mentioning that this was the same patient who had 
experienced a neck hematoma following the shunt with 

IJVOT. Nevertheless, we could not establish a direct link 
between the procedure and the subsequent fatality.

Discussion
Despite the advances in shunting techniques and the high 
volume of VPS procedures, the failure rate remains high, 
and shunting is considered a temporary solution for the 
treatment of hydrocephalus. Up until this point, the ven-
triculoperitoneal shunt is the primary method of treat-
ment of hydrocephalus. This is probably related to the 
fact that VAS needs to be checked as the child grows, and 
VPS are technically easier to monitor [10]. There is also a 
belief that VPS is technically simpler to perform and has 
fewer major complications [11, 12]. However, long-term 
outcomes have not shown significant differences among 
different CSF diversion techniques, and some studies 
have even reported higher rates of distal dysfunction 
with VPS [13]. Furthermore, survival rates do not differ 

Fig. 2 Critical steps in IJVOT. A Right internal jugular vein proximal and distal repair. The silk on the top represents the distal repair, and the one 
below represents the proximal repair. B Complete occlusion of the internal jugular vein proximal to the distal catheter entry (see the knot 
in the inferior silk). C Internal jugular vein incision, and insertion of the distal atrial catheter (catheter length is advanced 13 cm). D Distal catheter 
fixation to the vein
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significantly when comparing VPS with VAS, and the 
rates of infection and proximal failure have been reported 
to be lower in patients with VAS [3, 8].

Similar to our technique, studies have shown that 
VAS can be a convenient and safe alternative to VPS 
[8, 14, 15]. Some evidence suggests that VAS may pro-
vide higher flow rates due to the lower intra-atrial pres-
sure compared to intra-abdominal pressure, leading 
to more consistent cerebrospinal fluid flow and poten-
tially fewer malfunctions [16]. Currently, VAS are often 
used as a second-line treatment option after VPS fail-
ure [17], or in cases where increased intra-abdominal 
pressure is anticipated, such as during pregnancy [18], 
or in patients with ascites following VAS [19], and when 
there is a history of multiple abdominal surgeries.

In the literature, complications with VAS range from 
occlusion to bacteremia, thromboembolism, pneumo-
thorax, hemothorax, arterial punction, hematoma, and 
arrhythmias [20]. However, only one complication was 
registered in our cohort. We think that to minimize the 
risk of these complications, training, proper technique, 
and adherence to sterile protocols are essential.

In the past, accessing the venous system for VAS place-
ment often involved open dissection of the facial or 
external jugular vein, allowing for direct visualization of 
the distal catheter insertion into the venous system and 
directed towards the atrium [1]. This approach provided 
a clear view and minimized catheter placement difficul-
ties, particularly in young children [21]. In our proposed 
technique, we suggest an open dissection of the internal 

Table 1 Sociodemographic and general characteristics of both groups (IJVOT and CT)

a Median (IQR), p value: Mann–Whitney U test

Bold numbers highlight p values with statistical significance

IJVOT
N = 66

CT
N = 40

Total
N = 106

p value

Agea 49 (30–67) 53.5 (23.5–67) 50 (27–67) 0.69

Gender

 Males 30 (45%) 24 (60%) 54 (51%) 0.15

 Females 36 (55%) 16 (40%) 52 (49%)

Type of hydrocephalus

 Communicating 36 (55%) 19 (48%) 55 (52%) 0.28

 Normal pressure hydrocephalus 6 (9%) 8 (20%) 14 (13%)

 Obstructive hydrocephalus 24 (36%) 13 (33%) 37 (35%)

Etiology

 Subarachnoid hemorrhage 4 (10%) 11 (16.67%) 15 (14.15%) 0.45

 Intracranial hemorrhage 2 (3.03%) 0 (0%) 2 (1.8%)

 Infectious 8 (12.12%) 6 (15%) 14 (13.21%)

 Trauma 3 (4.5%) 3 (7.5%) 6 (2.83%)

 Tumor 20 (30.3%) 12 (30%) 32 (30.18%)

 Congenital 5 (7.58%) 1 (2.5%) 6 (5.6%)

 Idiopathic 7 (10.6%) 7 (17.5%) 14 (13.2%)

 Other 17 (25.75%) 0 (0%) 17 (16.04%)

Associated oncologic conditions

 Lung adenocarcinoma 2 (3%) 0 (0%) 2 (1.8%)  < 0.01
 Breast adenocarcinoma 2 (3%) 0 (0%) 2 (1.8%)

Shunt related variables

Laterality of the shunt

 Right 59 (89%) 36 (90%) 95 (90%) 0.92

 Left 7 (11%) 4 (10%) 11 (10%)

Type of valve

 Hakim programmable valve 64 (96.96%) 19 (47.5%) 83 (78.3%)  < 0.01
 Sophysa programmable valve 1 (1.52%) 0 (0) 1 (0.94%)

 Biomed with fixed pressure 1 (1.52%) 17 (42.5%) 18 (16.98%)

Surgical  timea

60 (60–90) 100 (60–120) 60 (60–120)  < 0.01
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jugular vein to guide the catheter to the atrium. The 
internal jugular vein is chosen due to its relatively con-
sistent caliber and anatomy, which can facilitate the pro-
cedure, and the right side is often selected as a surgeon’s 
preference. Some studies have described percutaneous 
placement of the atrial catheter using fluoroscopic and 
ultrasound guidance [17, 22], but these technologies may 
not always be readily available, especially in underdevel-
oped countries or resource-limited settings.

It is important to consider the hemodynamic changes 
that may occur after occlusion of the internal jugular vein 
(IJV). In the past, there was concern that unilateral occlu-
sion of the IJV could potentially increase intracranial 

pressure (ICP) and decrease CSF absorption [23]. How-
ever, our understanding of this concept has evolved. 
This is due to the compensatory mechanisms of the 
contralateral jugular drainage and the presence of non-
jugular venous drainage pathways, such as the vertebral 
plexus and pterygopalatine plexus [24]. When one IJV 
is obstructed, the other vein can compensate by form-
ing collateral vessels, and the non-jugular venous sys-
tem can also contribute to venous drainage. Case reports 
in patients with metastatic head and neck cancers have 
shown that bilateral sacrifice of jugular veins can be tol-
erated without significant ICP elevation [25]. However, 
it is important to note that in some cases, patients may 
develop papilledema after unilateral jugular vein throm-
bosis, but this is typically due to associated cerebral 
venous sinus thrombosis [26] or a hypoplastic contralat-
eral transverse sinus [27]. Therefore, an acute increase 
in ICP after occlusion of the IJV is unlikely, unless there 
is an associated venous abnormality or shunt malfunc-
tion. The shunting system itself provides a compensatory 
mechanism to divert flow in cases where ICP increases. 
This allows for appropriate drainage and regulation of 
CSF dynamics. Nonetheless, individual patient factors 
and pre-existing venous abnormalities should be taken 
into consideration when planning and performing IJV 
occlusion for shunt placement.

Our research findings demonstrate that VAS with 
IJVOT is an easy and safe technique, which offers several 
advantages over conventional techniques. Notably, this 
approach requires less surgical time and yields similar 
long-term results. The significance of shortening surgi-
cal time is underscored by well-documented evidence 
that it may accelerate postoperative recovery and rehab 
after surgery [28]. Additionally, the cervical approach 
utilized in this technique is accessible in any healthcare 
institution worldwide, including developing countries 
like Colombia. As a result, we have implemented this 
described technique as the primary alternative for ven-
tricular shunting in adult patients with hydrocephalus, 
achieving comparable outcomes to those of conventional 
techniques.

Despite the significant findings of our study, it is 
important to acknowledge several limitations. Firstly, our 
sample consisted of 106 patients with hydrocephalus at 
a single center in Colombia limiting generalizability to 
other clinical contexts. Secondly, the retrospective nature 
of this study introduces inherent bias when establishing 
comparisons. Thirdly, we did not provide a detailed com-
parison of outcomes for each type of conventional shunt-
ing technique, as we chose to group both the VPS and the 
conventional ventriculoatrial VAS. Fourthly, the follow-
up period was limited to 1 year, potentially missing out on 
long-term system dysfunction and the need for removal, 

Table 2 Clinical outcomes during follow‑up

a 106 patients completed the 1-month follow-up, 66 for the IJVOT and 40 for the 
CT
b 97 patients completed the 6-month follow-up, 64 for the IJVOT and 33 for the 
CT
c 86 patients completed the 12-month follow-up, 58 for the IJVOT and 28 for the 
CT

IJVOT CT Total p value
N (%) N (%) N (%)

System unchanged

 1  monthb 55 (83.3%) 25 (62.5%) 75 (70.57%)  < 0.01
 6  monthsb 41 (62.1%) 22 (55%) 63 (64.94%) 0.15

 12  monthsc 34 (51.5%) 18 (45%) 52 (60.47%) 0.20

Shunt revision

 1  montha 2 (1.5%) 5 (12.5%) 7 (6.60%)  < 0.01
 6  monthsb 1 (2.5%) 1 (1.5%) 2 (2.06%) 0.15

Shunt removal

 1  montha 0 (0%) 2 (5%) 2 (1.89%)  < 0.01
 6  monthsb 3 (4.55%) 2 (5%) 5 (5.15%) 0.15

 12  monthsc 1 (2.5%) 1 (1.5%) 2 (2.32%) 0.20

Deaths 6 (9%) 10 (25%) 16 (15.09%) 0.21

Table 3 Deaths reported within 1 year after the surgical 
procedure

a Presented with bilateral subdural hematomas 3 months after IJVOT; he 
required subdural hematoma drainage and died one week after surgery due to 
sudden cardiorespiratory arrest

Diagnosis IJVOT CT Total
n (%) n (%) n (%)

Autoimmune encephalitis 0 (0) 1 (2.5%) 1 (0.9)

Aneurysmal subarachnoid hemorrhage 1 (1.5%) 2 (5) 3 (2.8)

Normal pressure  hydrocephalusa 1 (1.5) 0 (0) 1 (0.9)

Post‑infectious hydrocephalus 2 (3) 2 (5) 4 (3.7)

Post‑traumatic hydrocephalus 0 (0) 1 (2.5) 1 (0.9)

Posterior fossa tumor 2 (3) 3 (7.5) 5 (4.7)

Supratentorial tumor 0 (0) 1 (2.5) 1 (0.9)
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which may occur over a longer timeframe. Additionally, 
we did not measure intracranial pressure, cerebral oxy-
gen saturation (rSO2), and bispectral index (BIS), which 
are important parameters to consider after occluding the 
internal jugular vein. Therefore, future studies should 
incorporate these measurements and employ a longer 
follow-up duration to provide more comprehensive 
insights into the benefits of this technique.

Conclusion
The VAS with IJVOT presents a potential option for ven-
tricular shunting in adult patients with hydrocephalus. 
Although our study contributes valuable insights, it is 
crucial to recognize that further research including the 
development of prospective cohorts, and clinical trials is 
necessary to fully explore and establish the efficacy, and 
comparability of this technique.
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