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Difficulties of Distal Catheter Insertion of Ventriculoatrial 
Shunting in Infants and Little Children

ABSTRACT

AIm: Ventriculoatrial (VA) shunting is a well-described cerebrospinal fluid diversion method for the treatment of hydrocephalus. 
However, it may be very challenging in infants and little children because of atrial catheter placement difficulties. This study aimed 
to create an algorithm to solve problems faced during open surgical procedures based on the present authors’ experience.
MaterIal and Methods: We conducted a retrospective analysis on 18 infants and children who underwent VA shunt insertion at 
the Department of Neurosurgery, Ondokuz Mayıs University School of Medicine Hospital between 2005 and 2012. Complications, 
clinical outcomes, revisions, and solutions for overcoming distal catheter placement difficulties were evaluated. 
Results: Twenty-six VA shunt operations were performed in 18 patients. Six patients required eight VA shunt revisions. VA 
shunting was primarily performed from the internal jugular, facial, cephalic, and subclavian veins to the right atrium. In revision 
procedures, the internal jugular, cephalic, and subclavian veins were used. 
ConclusIon: VA shunting in infants and little children requires careful surgical techniques. Neurosurgeons should necessarily 
have an appropriate strategy for VA shunting considering the complications and revisions. Our results suggest open surgical 
solutions to overcome distal catheter placement difficulties in this age group.
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Original Investigation

█    INTRODUCTION

Various sites, including the atrium, pleural cavity, ureter, 
fallopian tubes, bladder, and gastric lumen, have 
been defined for the distal catheter implantation of 

cerebrospinal fluid (CSF) shunts (15). Ventriculoatrial (VA) 
shunting was commonly used in the surgical management of 
hydrocephalus (13). However, it has become a second-line 
option since the peritoneal cavity remains the preferred site for 
distal catheter placement. Moreover, VA shunting appears to 
be difficult to perform and prone to get seriously complicated 
(16). Currently, the primary considerations include peritoneum-

related problems such as peritonitis, intra-abdominal 
pathologies, scarring due to prior procedures, peritoneal 
septations, ascites and peritoneal absorption failure. 

Even though there are fewer indications for VA shunts 
in daily practice than those of ventriculoperitoneal (VP) 
shunts, application difficulties and complications should be 
known. Appropriate surgical techniques can limit the risk of 
postoperative complications. The insertion of an atrial catheter 
in infants and small children can be challenging, particularly in 
revision cases. 
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In this study, a retrospective analysis of 18 pediatric patients 
who underwent VA shunt insertions was conducted, and VA 
shunt insertion procedure and cardiac catheterization-related 
problems are discussed. 

█    MATERIAL and METHODS
This retrospective study was conducted at the Department of 
Neurosurgery, Ondokuz Mayıs University School of Medicine 
Hospital. Eighteen infants and children who underwent VA 
shunt insertions were identified, and their medical records 
were studied. All patients were operated by the senior author 
from 2005 to 2012 at the same institution. Follow-up was 
performed at 2 months and 2 years. Reasons of intraperitoneal 
placement failure, revision-related conditions and techniques 
were discussed in the light of the foregoing findings.

█    RESULTS
The mean age of the patients at the time of VA shunt placement 
was 30.2 months (range 3 to 60 months). Of all the patients, 
10 (55.5%) were male and eight (44.4%) were female. The 
VP shunt was previously used to treat hydrocephalus in 
all the patients. The causes of hydrocephalus included 
myelomeningocele (n=6, 33.3%), tumor (n=4, 22.2%), 
meningitis (n=3, 16.6%), congenital hydrocephalus (n=2, 
11.1%), intraventricular hemorrhage due to prematurity (n=2, 
11.1%), and hemophagocytic syndrome (n=1, 5.5%). Before 
VA shunt placement, 50 operations were performed including 
VP shunt implantation, VP shunt revision, external ventricular 
drainage, endoscopic third ventriculostomy and endoscopic 
fenestration. 

Impaired absorptive ability of the peritoneum (n=14, 77.7%) 
and intra-abdominal infection (n=4, 22.2%) were the main 
causes of peritoneal catheter failure, leading to the necessity 
of VA shunting. 

VA shunting was primarily performed directly via the internal 
jugular vein in nine patients, via the facial vein (or another vein 
draining into the internal jugular vein) in six patients, and via 
the cephalic vein, through the subclavian vein, and directly into 
the right atrium in three patients. Of these three patients, one 
was previously operated at another center and two underwent 
tracheostomy. The cephalic vein was chosen to make a more 
distant incision to the tracheostomy in two patients, and the 
approach from the same incision was not safe because of the 
existing scar from the previous operation in one patient. 

Six patients required eight VA shunt revisions (two of them 
had repeated failure). The most common reason for revision 
was infection (n=4, 50%), followed by intra-atrial thrombus 
(n=3, 37.5%) and distal catheter disconnection (n=1, 12.5%).

In a patient, in whom the distal tip of the catheter was 
disconnected and slipped down into the right ventricle, the 
detached component was encaged and removed during 
angiography and VA shunt replacement was performed.

Among the patients who underwent revision operations, two 
with catheter placement in the facial vein required revision 
with the internal jugular vein first, followed by the cephalic 

vein. Two patients with placement in the internal jugular vein 
required revision with the cephalic vein. In two patients, the 
subclavian vein was used in the revision by the Seldinger 
technique where their catheters were previously inserted. 

In the 2-year follow-up period, additional VA shunt-related 
morbidity and mortality were not observed. 

█    DISCUSSION
VA shunt became popular after the introduction of the 
Spitz-Holter valve in the early 1950s (13). However, after the 
recognition of serious complications and operative difficulties, 
VA shunts were generally avoided (6). A decade later, 
developed techniques for distal catheter placement in the 
peritoneal space provided a feasible surgical strategy for the 
CSF diversion procedure (2). Consequently, starting in the late 
1970s, VA shunts became outdated following the introduction 
of VP shunt. 

VA shunt is still a preferable alternative when the peritoneum 
is not conducive for absorption. VA shunt implantation is also 
a treatment option when the VP shunt malfunctions because 
of physiological situations such as enlarging uterus that 
increases the intra-abdominal pressure during pregnancy (4). 
Despite the common belief that correct VA shunt placement 
is difficult and the complication rates are high, there are case 
series of adults suggesting that VA shunting is as safe as VP 
shunting (1,9). Certainly, these favored outcomes could be 
associated with the age distribution of the patients. 

It is certainly important to place the shunt through an 
appropriate vein into the atrium. Recently, several techniques 
have been described to reduce complications and achieve 
greater success in atrial catheter replacement. Gonzalez 
et al. have reported an endovascular technique that utilizes 
an endoscope-assisted approach (5). Ultrasonography-
guided VA shunting has been described (3,17,18), and it was 
suggested that it could reduce complications by providing 
the correct placement of the cardiac end of the catheter and 
allow an X-ray-free procedure (4). Particularly in revisions, 
percutaneous placement of VA shunt under ultrasonographic 
guidance using the Seldinger technique would be relatively 
effective and safe (10). Momin et al. have reported the 
technique of intraoperative venography to optimize distal 
catheter placement (11). Moreover, endovascular balloon 
dilatation could be used to place the catheter when the vein 
is severely narrowed (12). These methods would also be 
effective for patients who require VA shunt revision, but it is 
still necessary to have experience in performing open surgical 
techniques in VA shunt implantation and revisions. However, 
we suppose that these techniques are generally used in adults 
or bigger children and may not be easily used in infants and 
toddlers whose veins are not large enough for percutaneous 
or angiographic approaches. 

In infants and toddlers, it is usually impossible to easily perform 
central catheterization even under general anesthesia. Thus, 
it is mandatory to know about open surgical techniques and 
potential problems. All the 18 cases were operated by the 
same surgeon, and complications both during the surgery 
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and in the postoperative period led to the discussion of distal 
catheter placement difficulties and possible solutions. The 
conventional surgical procedure involves placing the distal 
catheter into the atrium via the facial or internal jugular vein as 
described many times in literature (Figure 1). 

In little children, different approaches should be applied 
when the lumen of the facial vein is very narrow and the 
catheter cannot be introduced through. Another problem is 
the collapse of the previously used vein and the impossibility 
of re-catheterization. In such situations, the same incision 
could be deepened to expose the internal jugular vein in the 
neurovascular bundle. Venous cut-down can be performed in 
any vein that drains into the internal jugular vein just before the 

drainage point or a catheter could be inserted by venotomy on 
the internal jugular vein. 

The replacement of distal shunt catheters can be extremely 
hard in revisions, particularly in young patients. Multiple 
revisions can inevitably cause scarring and thrombosis. If 
the shunt requires removal, replacement should be done in 
the same operation (except for infectious complications). 
Otherwise, limited venous access will be a problem because 
the veins (facial or internal jugular vein) where the distal catheter 
is inserted could collapse and cause revision problems. 

In revision cases, if the vein was previously used, it is very 
hard to expose this vein and reintroduce the catheter. In our 
cases, it was always found to be occluded, and the catheter 
was implanted from the cephalic or subclavian vein (Figure 2). 
When we decide to use the cephalic vein, we make an incision 
that crosses the projection of the deltopectoral sulcus just 
beneath the clavicle; we then deepen the incision through the 
pectoral muscle fibers to reach the cephalic vein (Figure 3). 
After exposing the vein, we perform cut-down to the cephalic 
vein and introduce the catheter using a J-tip guide wire to the 
right atrium via the subclavian vein. If the facial or cephalic 
vein was previously used, catheterization of the subclavian 
vein through a previous subclavicular incision or a new incision 
connecting the cervical incision using the Seldinger technique 
may be another option. The left internal jugular vein should 
not be used during revisions because of the risk of bilateral 
venous obstruction. 

According to several reports that compare VA shunts with VP 
shunts in pediatric patients, VA shunts require more revisions 
(7,8,14). In fact, the gradual retraction of the atrial catheter is 
unavoidable due to the longitudinal growth of children. Thus, 
children with VA shunts are inherently likely to require revisions 
(16). In these cases, it is better to replace the longer distal 
catheter into the atrium through the previously used entrance 
to the vein. For this reason, using an open-ended catheter in Figure 1: Identification of facial vein for introduction of atrial 

catheter.

Figures 2 (left) and 3 
(right): Identification 
cephalic vein for 
introduction of atrial 
catheter.
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the first operation can be suggested. In revision cases, the 
guide wire can be passed through and lead the new catheter 
to atrium with ease. Otherwise, the catheterization could be 
very difficult or impossible.

One of the main points for VA shunt revisions is protection and 
sparing use of the internal jugular vein and its major tributaries. 
According to our experience and intraoperative findings, 
atrial catheter replacement can be very difficult, particularly 
in revisions. Therefore, we propose an algorithm for selecting 
the right venous access (Figure 4). 

█    CONCLUSION
Despite the life-threatening complications, VA shunts are 
indispensable for CSF drainage in hydrocephalus. The 
risk of shunt failure and revision-related problems for VA 
catheterization are of significant concern in infants. However, 
better results can be obtained by adequate surgical technique 
and on-site decisions. 
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