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BACKGROUND Ventriculoatrial (VA) shunt disconnection can result in distal catheter migration into the cardiopulmonary vasculature. There is little
guidance in the current literature on how to prevent and manage this uncommon yet potentially serious complication. The authors reviewed the existing
literature and described three instances of distal shunt migration VA shunts and offered insight on methods to mitigate such complications.

OBSERVATIONS Eighteen patients were identified with VA shunts. Of these patients, seven were identified as having a connector in the neck, three
of which were associated with distal disconnection and migration. In all three cases, the distal catheter was retrieved via an endovascular approach in
conjunction with transesophageal echocardiography to assess for retrieval feasibility.

LESSONS The authors recommended the avoidance of a straight connector when performing VA shunt placement. When distal catheter migration
occurs, collaboration with interventional cardiology is advisable when possible.
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Minimizing the risk of distal ventriculoatrial (VA) shunt disconnec-
tion is particularly important due to the risk of catheter embolization.
This rare event occurs in approximately 1.56% of implanted VA
shunts.1 There are no clear treatment guidelines in the literature to
help prevent and manage this complication.

The use of a connector in the neck has been implicated in
mechanical failures of ventriculoperitoneal shunts.2 Although it is
reasonable to consider exposure to motion a risk factor for discon-
nection, to the best of our knowledge, no literature has described
disconnection and migration of distal VA shunt catheters due to
use of a connector in the neck. We describe a series of three
patients in whom use of a distal connector resulted in shearing
and subsequent migration of distal tubing into the cardiopulmonary
vasculature. We review the pertinent literature and discuss the
management of this complication. We hypothesize that over time
the combination of downward tension and shearing forces against

the rigid connector due to neck motion compromise the catheter;
thus, connector-less techniques should be used.

Illustrative Cases
Case 1

A 72-year-old woman with a history of idiopathic normal pressure hydro-
cephalus (NPH) presented 7 years after VA shunt placement with recur-
rence of prior symptoms. Radiographs revealed disconnection of the distal
catheter at the level of the cervical connector. Computed tomography (CT)
images of the chest demonstrated the dislodged catheter projecting from the
azygos vein through the superior vena cava into the right atrium (Fig. 1).

She was evaluated by interventional cardiology and received suc-
cessful retrieval of the detached catheter using an Ensnare endovascu-
lar snare system (Merit Medical, Jordan, UT) introduced through the
right femoral vein via a renal double curve guide catheter (Video 1).

ABBREVIATIONS CT = computed tomography; ICE = intracardiac echocardiography; IVC = inferior vena cava; NPH = normal pressure hydrocephalus; TEE = transesophageal
echocardiogram; VA = ventriculoatrial.
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VIDEO 1. Clip showing endovascular retrieval of distal tubing. In
this fluoroscopic video, corresponding with the patient described in
Case 1, an endovascular snare system (Merit Medical, Jordan, UT)
introduced through the right femoral vein was used to extract the
distal catheter from the right atrium uneventfully. Click here to view.

She subsequently received VA shunt revision. Intraoperatively, it was
found that �2 mm portion of the distal catheter remained tied to the
connector but was sheared distally at the level of the connector edge
(Fig. 1). During this revision, a connector-less technique was imple-
mented: after a transverse incision was made in the neck, the intravas-
cular portion of the catheter was placed into the internal jugular vein via
the Seldinger technique. Fluoroscopy was used to make sure that the
tip was within the right atrium. The proximal end of the catheter was
then tunneled and connected directly to the valve.

Case 2
A 79-year-old man with a history of NPH presented 4 years after VA

shunt placement with recurrence of his prior symptoms. Shunt series
revealed a distal catheter disconnection at the level of the straight con-
nector in the neck with migration into the right atrium (Fig. 2).

A transesophageal echocardiogram (TEE) demonstrated that the
distal catheter was free-floating in the right atrium. The patient sub-
sequently had successful retrieval of a 20-cm distal catheter via a
6-Fr Ensnare delivered through its own delivery catheter; no

intraprocedural cardiac imaging (TEE or intracardiac echocardiogra-
phy [ICE]) was used for retrieval.

To avoid further risk of vascular migration, revision to a pleural ter-
minus was performed. Similar to case 1, a small portion of catheter
remained tied to the connector, with shearing occurring at the edge
of the rigid connector.

Case 3
A 32-year-old woman with a history of communicating hydrocephalus

from a prior gunshot wound presented several years after VA shunt
placement with progressive headaches. Cardiac CT demonstrated a
fractured distal catheter looped within the right atrium (Fig. 3). Consider-
ing the subacute nature of her symptoms, it was suspected that she
was no longer shunt dependent.

She had retrieval of the distal catheter with interventional cardiology.
Because it was unknown how long the distal catheter had been resid-
ing in the right atrium and to better visualize any thrombus that may
have resided on and embolized from the catheter, retrieval was per-
formed with TEE. A 7-Fr MPA1 guide catheter was advanced over a
standard J wire into the right atrium across a prior inferior vena cava
(IVC) filter. The retained VA catheter was engaged with a cardiac
Ensnare device and removed. After retrieval, an independently mobile,
filamentous structure was seen at the level of the Eustachian valve in
proximity to where the catheter had resided. This was believed to rep-
resent fibrin cast or thrombus; therefore, the patient was anticoagulated

FIG. 1. Case 1. Shunt disconnection radiographs with intraoperative images. A and B: Disconnection and
migration of the catheter distal to the connector. C: Intraoperative correlation with preoperative radiographs.
D and E: CTof the chest showing the detached shunt tubing segment projecting from the azygos vein
through the superior vena cava into the right atrium. F: Explanted proximal tubing demonstrating shearing of
the distal tubing due to hardware failure.
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for 3 months thereafter. The IVC filter did not render endovascular
catheter snaring and retrieval more challenging.

With the lack of progressive neurological symptoms but persistent
headaches, it was suspected that the patient was no longer shunt
dependent. An ICP monitor was placed, and she was monitored with-
out elevation in ICP. Therefore, her shunt was not replaced.

Methods
This retrospective single-center case series was carried out for

patients who received VA shunt placement at our institution between
2010 and 2021. Medical records and imaging studies were reviewed.
Using the SlicerDicer function of Epic, charts from 3,237,852 patients
within our health system were queried for a diagnosis related to the
presence or history of a VA shunt. This resulted in 54 patients match-
ing the search criteria. Of these patients, data were available for 18
patients regarding the approximate date of implantation, use of a con-
nector, level of the connector, and revision history (Table 1).

PubMed was queried using the following search term: [(connec-
tor) (VA or ventriculoperitoneal)]. These search parameters resulted
in 20 peer-reviewed publications. References were reviewed and
three additional articles were included. This case series has been
reported in line with the PROCESS guideline.3

Discussion
Given the potentially serious consequences of distal VA shunt

catheter migration, it is important to identify risk factors that may
increase the incidence of such an outcome. One of the issues that
can lead to distal catheter disconnection from a straight connector
is repeated cervical motion.4 The downward and shearing forces
create mechanical stress that, over time, lead to degradation in the
structural integrity of the shunt.5 Angular forces applied at the

proximal end of the shunt create a significant amount of tension
that is communicated to the straight connector.

Of the publications included in our literature search, one dis-
cusses disconnection secondary to use of a straight connector in a
ventriculoperitoneal shunt,2 and no articles mention disconnection
secondary to the use of a straight connector in a VA shunt.

Migration of the distal catheter into the heart can lead to serious
complications such as pulmonary artery obstruction/insufficiency or
cardiac tamponade.6–9 The general mechanism thought to surround
the development of distal migration into cardiac structures is that
the negative pressures produced by the right atrium encourage fur-
ther migration of the shunt. Once disconnected, there is no oppos-
ing force to the negative pressures created and migration occurs.

Another potential complication of VA shunting is adherence of the
catheter to intracardiac structures,7,8,10 which can act as a nidus for
thrombus formation. Because patients do not always develop symp-
toms of hydrocephalus quickly after shunt malfunction, it is some-
times unclear how long ago the disconnection and migration
occurred. In such cases, the question of whether a potentially adher-
ent catheter should be abandoned must be considered. The risk of
leaving the catheter, which results in the patient requiring lifelong
anticoagulation, should be weighed against the risk of dislodging a
thrombus associated with the catheter. In our cardiac endovascular
experience, the risk of cardiac perforation during this procedure was
believed to be negligible. In our anecdotal experience, unrelated pro-
cedures requiring high-force aspiration of chronic mural thrombi in
thin-walled atria can be safely performed, which would theoretically
have a higher risk of perforation. Safe retrieval involves appropriate
preoperative imaging and consultation with interventional cardiology.

We describe three cases of distal catheter shearing and subse-
quent distal migration, presumably due to repetitive mechanical
forces. When endovascular retrieval is not possible or available,
open surgical approaches have been described for cases in which
obstructive symptomology occurs.8 However, with the use of rapidly
evolving interventional cardiology techniques, the retrieval of distal
migrated catheters can often be performed with minimal morbidity
and favorable benefit versus potential harm caused by leaving the
catheter in place.

Additional technical pearls for the endovascular procedure can
be considered regarding sedation, adjunctive imaging, and venous
access. When there is concern regarding associated thrombus or
other cardiac pathology such as valvular disease, TEE may be indi-
cated; however, it requires general anesthesia. Retrieval can be
more conveniently performed with conscious sedation and the use
of ICE or fluoroscopic imaging alone. Another consideration is that
while our cases were performed via the femoral vein, retrieval could
also be done via the jugular vein if needed.

Observations
In this series, image-guided, percutaneous placement of the atrial

catheter using a peel-away sheath was performed as previously
described.11,12 The use of intraoperative ultrasonography for vessel can-
nulation and confirmatory fluoroscopy improves accuracy, thereby
decreasing the incidence of shunt failure.12 By tunneling the distal cathe-
ter up to the valve, the use of a connector can be avoided altogether. In
our experience, the use of a connector at or below the level of the clavi-
cle or above the skull base is best to reduce exposure to motion. As a
result of these complications, we have transitioned to complete avoid-
ance of straight connectors in any tubing beyond the valve connection.

FIG. 2. Case 2. Shunt disconnection with distal catheter in the right
atrium. A: Lateral radiograph demonstrating a disconnection at the
level of the straight connector (white arrow). B: Chest radiograph dem-
onstrating disconnection proximally (long arrow) and distal catheter
within the right atrium (short arrows).
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Lessons
Retrieval after disconnection and intravascular migration of a dis-

tal catheter in a VA shunt can often be achieved safely with the
assistance of interventional cardiology. In certain instances, it may
also be appropriate to abandon the distal catheter and retunnel to
an alternative shunt terminus, such as the pleura. Ultimately, the
best clinical strategy is that of connector avoidance to prevent this
unfortunate complication up front.
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