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Abstract

Background: Patients frequently present to the emergency department (ED)
for evaluation of cerebrospinal fluid (CSF) shunt malfunction, often requiring
urgent management. A typical evaluation in the emergency room setting includes
a thorough history and physical examination, noncontrasted head computed
tomography (CT), shunt series, and occasionally a ventricular shunt tap.

Case Description: We present the case of a 53-year-old male who initially
presented to the ED in acute status epilepticus. His history was notable for
seizures and multiple craniectomies and cranioplasties with subsequent placement
of a ventriculoperitoneal shunt secondary to traumatic brain injury. Imaging in
the ED suggested possible shunt failure. No previous imaging was available for
comparison, and therefore a ventricular shunt tap was attempted. Initially, the tap
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in such an encounter.

Conclusion: EUS revealed the exact location of his shunt reservoir, and therefore
enabled the shunt tap, which ultimately led to the discovery of the patient’s proximal
shunt failure in a setting that may have otherwise been missed. The patient
underwent urgent shunt revision with a good outcome.
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INTRODUCTION

Patients frequently present to the emergency department
(ED) for evaluation of cerebrospinal fluid (CSF)
shunt malfunction, possible causes of which include
disconnection, calcification, and migration of the shunt
from its intended position and blockage.'”! Shunt failure
requires urgent management and often results in the need
for revision surgery. Neuroimaging, which includes a shunt

series and a noncontrasted computed tomography (CT)
scan of the head, are typically obtained to help identify
patients in shunt failure. Characteristically, these images
demonstrate hydrocephalus. However, these studies can
occasionally be inconclusive, as ventricular size does not
always change in patients with malfunctioning shunts.>!%l
Another diagnostic modality that is typically utilized for
measuring opening pressure and assessing proximal and
distal catheter integrity is a ventricular shunt tap.'>"! In
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the setting of acute shunt failure, a shunt tap can also
be used as a therapeutic temporizing measure to allow
for function of a distally occluded shunt.”) However,
there are times when a straightforward shunt tap proves
challenging, such as encounters in patients with a thick
scalp and/or complex cranial reconstruction. Herein, we
demonstrate the first report of the utility of emergency
ultrasound (EUS) for localization of a nonpalpable shunt
reservoir, ultimately enabling a ventricular shunt tap to
be performed on a complex patient presenting with signs
of shunt failure.

CASE REPORT

A 53-year-old male with a past medical history significant
for hypertension, noninsulin-dependent diabetes mellitus,
alcohol abuse, seizures, and traumatic brain injury
secondary to a fall, necessitating several decompressive
craniectomies, bilateral cranioplasties and a left occipital
ventriculoperitoneal (VP) shunt (Rickham reservoir),
initially presented to an outside institution obtunded
and in acute status epilepticus. Seizures were initially
generalized tonic-clonic, and then later right-sided
convulsions with eye deviation. His seizures were aborted
with intravenous lorazepam and fosphenytoin. A head
CT was obtained at that time that was suggestive of
hydrocephalus, which prompted transfer to our facility.

Upon arrival to our ED the patient was noted to have
residual focal right arm and facial twitching, for which he
was reloaded with antiepileptic agents. The patient was
new to our institution, and no prior imaging was available
to aid in determining if he had acute hydrocephalus.
A shunt series obtained in the ED showed no signs of
discontinuity throughout the shunt system. Therefore, we
attempted to perform a VP shunt tap to assess intracranial
pressure and determine if he had either proximal or distal
shunt failure. Initially, on examination his shunt reservoir
was not palpable. This was likely secondary to the large
thickness of his scalp and the location of his Rickham
reservoir near a burr hole cover and along a raised ridge
from his left cranioplasty site [Figure 1].

We utilized the ED’s portable ultrasound machine
(Edge ® model; SonoSite, Incorporated), typically used
in the ED for other procedures, to quickly assist us with
imaging through the scalp. Using a 6 cm, 13-6 Mllz
linear transducer, visualization in both the short-axis and
long-axis views allowed for a thorough examination and
confirmation of the exact placement of the Rickham
reservoir [Figure 2. The patient was then prepped in
the standard fashion, with the Rickham site marked and
outlined allowing for the easy placement of our 23-guage
butterfly needle into the reservoir site [Figure 3]. Once
in place, there was no spontancous flow. Utilizing a 5-cc
syringe, we were only able to obtain a few drops of residual
fluid initially from the proximal catheter with 2-3 mL of
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Figure |:Axial sections from a noncontrast enhanced computed
tomographic images of the head (bone window).The complexity
of the bilateral cranioplasties can be appreciated in these images.
The left occipital Rickham reservoir is located medial to the burr
hole cover and ridge from the left cranioplasty

Figure 2: Ultrasound images of the (a) Rickham reservoir and
(b) distal catheter tubing
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Figure 3: (a) Patient’s scalp with markings made in the short- and
long-axis, localized with the emergency ultrasound system.
(b) Successful cannulation of the reservoir with a 23-guage butterfly
needle

negative back pressure, and then no CSF return at all.
The result of our ventricular shunt tap suggested proximal
shunt failure. The patient was then emergently taken to
the operating room (OR) for a shunt revision. In the OR,
the left occipital proximal shunt catheter was found to be
obstructed, demonstrating shunt failure, which correlated
with our shunt tap. In this setting, the decision was made
to place a left frontal VP shunt in the standard fashion.
Briefly, an incision was made over Kocher’s point and
a burr hole was placed using a perforator drill. The left
frontal catheter was then passed to the appropriate depth
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and clear CSI return was visualized under high pressure.
The distal catheter was then tunneled from the frontal
scalp Incision to the back part of the previous trauma
craniotomy incision, then down towards the neck. The
sites were joined with a straight connector along with
a medium-low pressure valve. Prior to the connection,
distal runoff was checked and found to be appropriate.
Postoperatively, the patient did well and was eventually
transferred back to his nursing facility.

DISCUSSION

Shunting of the ventricular system for diversion of CSF
fluid in patients with hydrocephalus remains the most
prominent and accepted treatment of choice.M! It
allows for a rapid normalization of intracranial pressure,
thus preventing neuronal damage and other detrimental
sequelae. Ventricular shunts, however, are also associated
with relatively high complication and failure rates, often
requiring multiple revisions. Approximately  56-80%
of patients will experience at least one episode of
malfunction within 10 years, with an annual rate of shunt
malfunction estimated to be 5%.”' Some of the more
commonly encountered complications associated with
shunt malfunction include, obstruction (proximal, valve,
or distal), fracture, disconnection, migration, infection,
over-drainage (leading to slit ventricle syndrome, orthostatic
hypotension, subdural fluid collections, loculation of the
ventricles, acquired Chiari malformation/cerebellar tonsillar
herniation), seizures, and pneumocephalus.!'”!

Patients frequently present to the ED for evaluation
of ventricular shunt malfunction; symptoms most
often include headaches, lethargy, nauseca, vomiting,
irritability, and fever.™® Despite the predominance of
these symptoms within this patient population, it is
often difficult to correctly diagnose shunt malfunction.
The standard evaluation of a patient with suspected
shunt malfunction in the ED includes a head CT and
radiographic shunt series. Ideally these studies, along
with a thorough history and physical examination, are
sufficient to diagnose many patients in shunt failure, but
it is also important to note that ventricular enlargement
is not a sine qua nonindicator of shunt failure.>'
Therefore, in these cases, the diagnosis of a patient in
shunt failure requires further investigation.

A diagnostic modality that has long been available is the
ventricular shunt tap. Although not always utilized, this
minimally invasive technique has the ability to measure an
opening intracranial pressure and assess proximal and distal
catheter function.>”! Traditionally, a ventricular shunt
tap is considered a simple, effective, and relatively benign
method of sampling CSF and identifying obstruction.
The tap itself can be performed by placing a sterile needle
directly through the scalp and into the reservoir of the
shunt system. Irom this point, it is possible to assess

http://www.surgicalneurologyint.com/content/4/1/101

the flow and pressure of the entire VP shunt system,
leading to further diagnostic information. Occasionally, it
can be difficult to locate the shunt reservoir in practice,
especially in the case of a Rickham reservoir, which would
impede the diagnostic utility of the ventricular shunt tap.
In our case, the reservoir was not palpable secondary to the
scalp thickness and further complicated by the location
of the shunt reservoir adjacent to the patient’s rigid
cranioplasty site. At this present time, there is no effective
method reported in the literature to manage this type of
situation when encountered. Instead of abandoning the
shunt tap altogether, the decision was made to utilize
the readily available EUS system in our ED to detect the
precise location of the Rickham reservoir. We found that
this approach facilitated the rapid and accurate placement
of our 23-guage butterfly needle to access the reservoir
site, and thus assess the function of his VP shunt.

Invasive procedures are frequently performed in the ED.
In recent years emergency ultrasonography has become
a valuable tool, allowing procedures once guided by
physical exam and surface anatomy to be done under
ultrasound guidance (dynamic guidance) or ultrasound
assistance (static guidance).®®! EUS is further utilized
to diagnose acute life-threatening conditions and treat
emergency medical conditions.!'"! There are many aspects
of ultrasonography that make it appealing in the acute
care setting: Most notably it does not carry the risk of
radiation exposure and, when done at the bedside, offers
the benefit of real-time results. New applications for
this diagnostic modality continue to be described in the
literature. In our case, the use of ultrasound can facilitate
the rapid evaluation of a complicated and nonpalpable
VP shunt reservoir in patients presenting with signs and
symptoms concerning for shunt malfunction, ultimately
enabling the evaluation and management, in a setting
where it would otherwise be too difficult.

The literature continues to be sparse with respect to
sonographic evaluation of VP shunts. Previous reports
describe the use of Doppler ultrasound to both directly
and indirectly evaluate VP shunt function by looking at
flow patterns in areas of turbulence.' Other studies
have focused on measuring cerebral blood flow by
using transcranial Doppler ultrasound as a means of
extrapolating intracranial pressure.’) There was also a
recent report on the use of EUS to evaluate for VP shunt
discontinuity, but the study was limited to confined use
in the cervical portion of the distal catheter.! There are
no current reports in the literature describing the utility
of EUS to detect, and ultimately access, a ventricular
shunt reservoir in a patient with complicated anatomy.

CONCLUSION

We describe a technique in which the application
of EUS enabled our team to determine the precise
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location of a shunt reservoir in a patient with a complex
cranioplasty presenting with signs concerning for shunt
malfunction. This simple and fast approach allowed for
the accurate guidance of a ventricular shunt tap, in a
setting where it may have otherwise been too difficult
and consequently missed. Using ultrasound to visualize
the site of a ventricular shunt reservoir in real-time
has numerous clinical applications, which includes
obtaining CSF fluid for analysis of cytology or infection,
evaluation of shunt function, the injection of intrathecal
medication (antibiotics or chemotherapeutic agents),
and as a therapeutic temporizing measure to allow for
function of a distally occluded shunt.
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