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CSF shunt complications: what the abdominal
imager needs to know

Eric K. Rinker, Todd R. Williams, Daniel T. Myers

Department of Radiology, Henry Ford Health System, 2799 W. Grand Blvd, Detroit, MI 48202, USA

Abstract

Cerebrospinal fluid (CSF) shunting has been a mainstay
in the treatment of hydrocephalus for many decades.
With a reported 33,000 shunt placement procedures
performed in the US annually, and a lifetime revision
rate approaching 50%, abdominal radiologists must be
familiar with the typical imaging appearance of an array
of shunt complications. Complications related to the
peritoneal portion of the shunt have been reported in up
to 25% of patients. We present a comprehensive pictorial
essay including computed tomography, conventional
radiography, ultrasound, and nuclear medicine examples
illustrating abdominal complications related to CSF
shunting and a review of the current literature. The
purpose of this pictorial essay is to provide multimo-
dality imaging examples of CSF shunt complications and
familiarize the abdominal imager with the spectrum of
findings.

Key words: Ventriculoperitoneal—
CSF—Shunt—Complication—Obstruction—
Malfunction

Cerebrospinal fluid (CSF) shunts are commonplace and
have been successfully used since the 1960s for the
treatment of hydrocephalus, with a reported 33,000
shunt placement procedures performed in the United
States annually [1]. These include ventriculoperitoneal
(VP) shunts, lumboperitoneal (LP) shunts, and ventri-
culoatrial (VA) shunts. In VP shunts, a catheter is in-
serted into a non-draining ventricle and tubing is then
tunneled subcutaneously down the thorax before being
tunneled into the peritoneal cavity. In LP shunts, a
catheter is inserted into the thecal space between two
adjacent lumbar vertebras before being tunneled subcu-
taneously around the abdomen and into the peritoneal

cavity. VA shunts, which are rarely created, have a
similar origin as a VP shunt, however rather than being
tunneled into the peritoneal cavity, the shunt is termi-
nated in the right atrium of the heart and contains no
intra-abdominal portion.

VP shunts are the most common type of CSF shunts
used, accounting for 97.7% of shunts placed for nontu-
moral hydrocephalus in one study of over 700 patients
[2]. VP shunts are composed of a proximal ventriculos-
tomy catheter, a pressure sensitive valve and reservoir to
regulate CSF flow, and a distal catheter terminating in
the peritoneal cavity. As VP shunts represent the vast
majority of CSF shunts placed, VP shunt complications
will be emphasized. VP shunts have a high failure rate,
with up to half of patients needing shunt revisions [3],
and as many as 25% of these complications pertaining to
the intra-abdominal component of the shunt [4]. Patients
with abdominal complications often present with vague
abdominal symptoms, but can present with emergent
neurologic symptoms related to shunt failure and in-
creased intracranial pressure.

These complications have been traditionally divided
into either mechanical or biological category based on
their inciting etiology. Mechanical complications are re-
lated to an intrinsic shunt malfunction such as shunt
discontinuity, leak, obstruction, or migration, while
biological complications, such as infection, abscess,
pseudocyst, and hematoma, are organic in etiology.
There is overlap between these broad categories, and
complications from each category may occur simulta-
neously and are often related. We present the following
imaging examples, gathered retrospectively from our
PACS database (Softek, Illuminate, Prairie Village, KS,
USA) after IRB approval.

Discussion

Biological complication

Shunt infection is the most common form of biologic
complication of CSF shunting [3]. Timing of infectionCorrespondence to: Eric K. Rinker; email: ericr@rad.hfh.edu
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seems to affect which organism is cultured, with skin
flora such as coagulase-negative Staphylococcus and S.
aureus occurring earlier in the postoperative period.
Later however, Streptococcus and Gram-negative species
such as Pseudomonas become more common due to in-
tra-abdominal complications such as bowel perforation
and peritonitis [5]. Infection can lead to secondary
complications such as abscess formation and shunt
obstruction, and is a common cause for shunt revision.

Peritonitis

Peritonitis is a potential complication of CSF shunts
terminating within the abdomen, however this is gener-
ally not an imaging diagnosis. Clinically, patients with
peritonitis present with signs and symptoms of infection
including abdominal pain may undergo a contrast-en-
hanced abdominal computed tomography (CT) to ex-
clude abscess formation. Patients with peritonitis will
often show diffuse, hyperenhancing peritoneal thicken-
ing, and may display inflammatory stranding of the
mesenteric fat, with a variable amount of infected fluid
present [4].

Abscess

Abdominal abscess is another known complication of
CSF shunting to the peritoneal cavity. Etiologies include
shunt contamination during insertion, shunt contami-
nation from infected shunt components, or from shunt
tubing migration into bowel. Regardless of etiology, the

entire shunt apparatus is considered to be compromised
even after only a local infection; this generally requires
complete shunt revision.

Radiographs typically will not demonstrate an ab-
scess within the abdomen, unless there is air within the
abscess causing an air fluid level which is distinct from
bowel. The CT appearance is similar to abscess of other
etiologies, with a walled-off collection measuring simple
or complex fluid attenuation with a thickened, enhancing
rim, and possible internal septations. Depending on the
causative bacteria, gas may be present in the abscess.
Adjacent stranding in the fat may be present (Figs. 1, 2).
Ultrasound (US) appearance is similar to other ab-
scesses; a thick-walled hypoechoic or anechoic fluid
collection which may be multiloculated. There is an ab-
sence of internal vascularity on doppler, however the rim
will be echogenic and often show increased vascular flow
on color doppler.

CSF pseudocyst (CSFoma)

Another biologic intra-abdominal complication of CSF
shunting is known as CSF pseudocysts (or CSFomas).
These are a relatively rare complication (1.0–4.5%) [6, 7]
which typically develop months to years after shunt
placement. CSF pseudocysts differ from true cysts in that
they are lined by fibrous tissue rather than an epithelial
wall, and frequently contain debris. They are able to
grow to a substantial size, with one reported to have
mimicked a full-term pregnancy in a 19-year-old patient
[8]. Their cause is not fully understood, but it has been

Fig. 1. Two different VP shunt patients A and B presented
with symptoms of abdominal infection including abdominal
pain, nausea, and vomiting. Contrast-enhanced CT demon-
strates enhancing irregular thick-walled pelvic fluid collections
(open arrows) surrounding the abdominal portion of the VP

shunt (white arrows) consistent with abscesses. Image
A demonstrates abscess extension into the adnexa (open
arrows), which is separate from the ovaries which are not
shown. Tip of an abandoned (orphaned) catheter also identi-
fied along the course of the functional shunt.

E. K. Rinker et al.: CSF shunt complications



suggested that their formation may be secondary to low-
grade smoldering infection or immune/foreign body
reaction [4, 6, 7]. CSF cultures are frequently aseptic.
Complications arise secondary to mass effect, as well as

to the trapping of the distal tip of the shunt within the
pseudocyst itself, obstructing CSF drainage.

On abdominal radiographs, CSF pseudocyst, if large,
may cause mass effect on adjacent bowel loops (Fig. 3),

Fig. 2. VP shunt patient with superficial scalp infection
treated with oral antibiotics, who presented 8 weeks later with
A a rim enhancing, loculated, abscess around the intra-

abdominal shunt catheter (white arrow) with adjacent
stranding in the peritoneal fat (asterisk), B the shunt tubing is
seen curling within the abscess (open arrow).

Fig. 3. VP shunt patient presenting with increasing abdom-
inal girth and pain. Radiograph A demonstrates lateral dis-
placement of bowel (open arrows) with shunt tip seen within a
large central mass (white arrow). On CT B a large thin-walled

cystic structure consistent with CSF pseudocyst is seen with
the shunt tubing coursing within it (white arrow) and dis-
placement of bowel loops (open arrows).

E. K. Rinker et al.: CSF shunt complications



or hydronephrosis if the collection compresses the ureters
(Fig. 4). On US, a CSF pseudocyst has imaging charac-
teristics of a cyst, with a hypoechoic to anechoic center,
with a thin echogenic outer wall. There may be low-level
internal echoes secondary to internal debris and/or sep-
tations, and the shunt tubing may be identified within it.
There will be no internal color flow on doppler. On CT, a

CSF pseudocyst has an appearance of a thin-walled mass
measuring simple fluid attenuation, this is in contrast to
an abscess which is typically thick walled and will show
secondary signs of inflammation such as adjacent fat
stranding and reactive lymphadenopathy. The collection
may have areas of increased attenuation from internal
debris. The shunt tubing can be seen entering the col-

Fig. 4. Axial CT images through the abdomen and pelvis of
a patient with VP shunt and abdominal pain demonstrates A a
large thin-walled pelvic fluid collection causing abdominal
distention consistent with CSF pseudocyst (open arrows) with
shunt identified within it (white arrow), and B mass effect from

the CSF pseudocyst on the ureter with resultant bilateral
hydronephrosis (asterisks). The shunt is seen coursing
through the anterior abdominal subcutaneous tissue at this
level (white arrow).

Fig. 5. VP shunt patient presenting with right upper quad-
rant abdominal pain demonstrating A a hypoechoic complex
fluid collection with linear internal echoes suggesting septa-
tions and echogenic shunt on ultrasound (open arrows). The
gallbladder is adjacent this complex fluid collection (white

arrow). On coronal reformatted images performed on a CT of
the abdomen B a rounded, thin-walled fluid collection with VP
shunt coiling within it is consistent with a CSF pseudocyst
(open arrows), noted just superiorly is the gallbladder (white
arrow).

E. K. Rinker et al.: CSF shunt complications



lection, and its distal tip is typically found terminating
within the pseudocyst (Fig. 5).

Hematoma

Hematomas form as a result of vascular injury during
surgical placement of the CSF shunt. This can occur in
association with use of trocar technique during place-
ment, or as a result of anticoagulation/bleeding dyscra-
sias. Patients may present with an expanding mass within
the abdominal wall, which is often accompanied by a
concurrent drop in hemoglobin.

On US, a hematoma within the abdominal wall will
have marked heterogeneous echogenicity, variable
through transmission, local mass effect, and no internal
color flow on doppler imaging. The catheter tubing may

be seen within or adjacent to the collection (Fig. 6). On
CT, a hematoma will initially show intermediate to high
attenuation in the acute phase; the attenuation dimin-
ishes in the subacute phase (Fig. 7). There may be
hemorrhage of varying age or hematocrit levels visible
within a single hematoma, in which case there may be
layering or admixing higher and lower attenuation within
the collection.

Calcification

Rarely, shunt tubing may become encrusted with cal-
cium. This is associated with barium-impregnated cath-
eters which have been present for long periods of time,
and is found to occur along the outer surface of the
tubing as it ages [9]. As a result of this, the catheters
become more rigid and also more fragile, predisposing
them to mechanical-type failures such as fracture. In this
instance, the biological complication of calcium deposi-
tion can precipitate a mechanical failure. On abdominal
radiographs, the encrusted catheter will have a calcific
density similar to bone, making it appear more radio-
dense than the non-calcified tubing. The tubing will also
appear thickened, as the calcification accumulates on the
external surface of the tubing (Fig. 8).

Neoplastic metastases to the peritoneal cavity

The most common solid malignancies in the pediatric
population are CNS tumors, frequently resulting in
hydrocephalus which requires CSF shunting. There are

Fig. 7. Axial noncontrast CT in the same patient as Fig. 6
showing a hyperdense mass containing a VP shunt consistent
with a right anterior abdominal wall hematoma (open arrow),
which was treated with surgical evacuation.

Fig. 6. Patient status post recent VP shunt placement was
found to have a new abdominal mass on physical exam. US
demonstrates a heterogeneous complex collection with subtle
increase through transmission and no internal flow on color
doppler at the site of the palpable abnormality, consistent with
a hematoma.

Fig. 8. Calcium encrustation of the outer proximal abdomi-
nal portion of this VP shunt (white arrows).

E. K. Rinker et al.: CSF shunt complications



Fig. 9. NM shunt studies using 1 mCi Tc-99 m pyrogen free
DTPa. A A normally functioning VP shunt (open arrow), with
peritoneal spill of radiotracer 10 min following injection (solid

arrow). B Another patient with a LP shunt, shows persistent
radiotracer in the thecal (open arrow) sac without radiotracer
spill into the peritoneal cavity after 50 min.

Fig. 10. Coronal CT
images of the same patient
as in Fig. 9b with LP shunt
demonstrates disconnection
of the shunt tubing, A the tip
of the shunt is identified
(open arrow) and B is
discontinuous with the valve
mechanism in the left flank
(white arrow).
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reported cases of patients with primary CNS neoplasms
presenting with peritoneal metastasis, thought to have
spread via the VP shunt. These patients will present
with US or CT findings of solid peritoneal implants [4,
10].

Mechanical complications

Obstruction/disconnection

Physiologic shunt obstruction and other mechanical
failures may coexist. Nuclear medicine shunt studies

Fig. 11. CSF leak on a NM shunt study A with accumulation
of radiotracer in the patient’s flank at 60 min (open arrow),
without spill into the peritoneal cavity. B On CT myelography,

iodinated contrast material accumulates in the right flank
collection, confirming the nuclear medicine findings (white
arrow).

Fig. 12. Axial (A) and coronal (B) CT images of a patient
with a VP shunt who presented after debridement of an
abdominal wall abscess. Imaging was performed because of

succus draining from the abdominal wound. Imaging dem-
onstrates the VP shunt catheter has eroded into the hepatic
flexure of the colon (open arrows).

E. K. Rinker et al.: CSF shunt complications



will demonstrate physiologic obstruction (Fig. 9). CT
exams can reveal specific causes such as catheter dis-
connect, catheter fracture, valve disconnect, or catheter
migration (Fig. 10). In contradistinction to a CSF
pseudocyst, CSF may acutely leak in the setting of

catheter fracture or disconnect. Catheter disconnection
is more common at the ventriculostomy reservoir or
valve, while fracture is more common in the neck due
to movement [4]. These areas should be carefully in-
spected on imaging studies.

Fig. 13. Two axial CT images obtained on a patient with VP
shunt demonstrating, A a subcutaneous fluid collection with
shunt tubing coiled within it (open arrow), and B the distal

shunt tip (white arrow) is seen retracted into the subcutane-
ous fluid collection (open arrow).

Fig. 14. Axial and coronal CT images of a patient with VP
shunt presenting with upper abdominal pain, A, B displays the
shunt tip (open arrow) penetrating the liver capsule, resulting

in a subcapsular CSF collection with scalloped mass effect on
the liver parenchyma.
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CSF leak

CSF leaks occur secondary to mechanical disconnection
or failure of catheter tubing, leading to extravasation of
CSF near the failure site. If this occurs within an en-
closed area such as the subcutaneous tissues surrounding
the abdomen this will precipitate the formation of a CSF

collection. Nuclear medicine shunt studies reveal accu-
mulation of radiotracer at the failure site. As a result of
the leak, radiotracer is not seen spilling into the perito-
neal cavity. Similarly, CSF can accumulate at the failure
site on CT, which can be confirmed with CT myelogra-
phy (Fig. 11).

Migration

Over time, shunt tubing can migrate within the abdomen
due to patient motion. Shunt tubing has been reported to
perforate bowel in 0.1–0.7% of patients (Fig. 12) [11].
The exact mechanism is unclear but several etiologies
have been suggested in the literature including the use of
trocar technique during placement, silicone allergy, fi-
brous sheath formation, tubing stiffness, and local ero-
sive pressure [11–15]. The mortality rate associated with
bowel perforation due to a shunt is as high as 15% [16], in
part due to the development of CNS infection. Abdom-
inal VP shunt tubing can retract out of the peritoneal
cavity back into the subcutaneous tissues resulting in
catheter malfunction and a focal subcutaneous CSF
collection (Fig. 13). When shunt tubing migrates into
encapsulated organs such as the liver or spleen it can
result in a subcapsular CSF collection causing shunt
malfunction (Figs. 14, 15). Shunt tubing has migrated to
such unexpected locations as the mouth, umbilicus,
bladder, vagina, anus, and scrotum [16].

Fig. 15. Noncontrast axial CT of a patient with VP shunt
demonstrates the shunt tubing (white arrow) coursing into a
fluid collection which is abutting the spleen and contiguous
with the splenic capsule (open arrow) causing associated
mass effect, fluid cultures grew S. aureus.

Fig. 16. Contiguous contrast-enhanced axial CT images A,
B of a patient with history of VP shunt with multiple revisions
demonstrates a loop of abandoned shunt tubing eroded into

the liver parenchyma (open arrows) and perforating the
proximal duodenum (white arrows).
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Valve malfunction and abdominal ascites

CSF drainage into the peritoneum is regulated via valve
mechanism spliced directly into the shunt tubing. These
valves are implanted within the subcutaneous course of
the shunt and can be accessed for adjustment. Daily CSF
production is approximately 500 mL; this is approxi-
mately 3 times the 150 mL found around the brain and
spinal cord. In vivo studies have demonstrated a range of
shunt flow rates in asymptomatic patients from 7.2 mL/h
to less than 2 mL/h [17]. Patients with valve malfunction
will present with symptoms related to over or under-
drainage of CSF. For a shunt to work properly, the
peritoneum must also be able to absorb the CSF which is
being produced. CSF ascites related to impaired
absorption is rare, however there have been isolated case
reports describing intractable CSF ascites. [18]. Patients
typically present with increasing abdominal distension, in

the absence of liver, kidney, or cardiac disease. A con-
tributing factor in these cases may be an elevated CSF
protein, altering absorption rates of the peritoneum [19].
CSF ascites is usually free flowing, without the typical
findings of CSF pseudocyst, loculation, and local mass
effect on adjacent organs.

Orphaned/abandoned shunt

During shunt revision, the intra-abdominal portion of
the malfunctioning shunt can be disconnected and left in
place to simplify the revision procedure, when not con-
traindicated secondary to infection. This distal retained
shunt tubing is often referred to as an abandoned or
orphaned shunt. Orphaned shunts are subjected to sim-
ilar intra-abdominal complications as intact shunts, with
the exception that there is no risk of CSF infection sec-
ondary to ascending bacterium, as the tubing is no longer
in continuity with the CSF. Case reports have shown that
these shunts are capable of migrating similar to intact
shunts, causing hollow viscus perforation as well as
migration into solid organs such as the liver [20]. This
creates a theoretical risk of peritonitis or intra-abdomi-
nal abscess formation, however this did not occur in our
example (Figs. 16, 17).

Conclusion

CSF shunts are commonly used to successfully treat
hydrocephalus. VP shunts represent the vast majority of
shunts placed today. These shunt catheters can mal-
function leading to a host of complications attributed
directly or indirectly to these shunts. As we have illus-
trated above, mechanical and biological complications
often are intertwined, and may present in tandem. It is
important for the abdominal radiologist to be familiar
with the array of abdominal complications associated
with CSF shunts and to recognize distinguishing imaging
features of these complications and the clinical implica-
tions they present.
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