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Abstract

Background Obstruction is a common cause of ventriculo-
peritoneal shunt failure. Head computed tomography and plain
x-ray examinations of shunt tubing (“shunt series”) are routine-
ly used in patients readmitted for reemerging symptoms but are
of limited value. The validity of shunt series can be improved
by applying contrast agent into the system (contrast-enhanced
shunt series, a.k.a. a “shuntogram” or “shuntography”). We
hypothesized that contrast-enhanced shunt series have a high
predictive value for shunt revision surgeries.

Methods We retrospectively re-evaluated 107 contrast-enhanced
shunt series and reviewed the patient histories. We defined out-
come parameters for calculating the utility of a pathological
contrast-enhanced shunt series in predicting revision surgery.
Results Of 107 contrast-enhanced shunt series, 41 examina-
tions were positive for obstruction, mainly of the ventricular
(36.5 %) and the peritoneal catheter (48.8 %). Within 30 days,
35 successful revision surgeries and 3 revision surgeries with-
out resolution of symptoms were performed. In two cases the
shunt tubing was found to be patent. Sixty-six negative exam-
inations resulted in two revision surgeries, in addition to ten
surgeries not attempting to restore patency. After 30 days, the
specificity of contrast-enhanced shunt series for shunt failure
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identification was calculated at 92.8 %, the sensitivity at
94.7 %, the positive predictive value at 87.8 %, and the neg-
ative predictive value at 97.0 %.

Conclusions The contrast-enhanced shunt series method is a
highly specific examination with a negative predictive value
exceeding that of head computed tomography and plain shunt
series. Compared to radionuclide marker studies, contrast-
enhanced shunt series demonstrate better spatiotemporal res-
olution, enabling focused local surgical repair.

Keywords Complication management - CSF diversion
procedure - Hydrocephalus - Ventriculoperitoneal shunt -
Shunt evaluation

Abbreviations

CSF  cerebrospinal fluid

HCP  hydrocephalus

HCT  head computed tomography

NPH  normal pressure hydrocephalus

PACS picture archive and communication system
Introduction

Ventriculo-peritoneal shunts are the mainstay of treatment for
most forms of hydrocephalus (HCP). Despite technological
advances, readmission and reoperation rates remain high. Up
to 11 % of patients dismissed from the hospital after a shunt
implantation procedure will be readmitted within 30 days,
most likely for malfunction, less likely for infection [1]. A
recent review of the literature on adverse events in shunt sur-
gery compared rates of failure due to infection or mechanical
obstruction. The frequencies of mechanical adverse events in
the pediatric studies range from 35 % to 64 %, while those in
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mixed and adult series were somewhat lower (8 % to 47 %).
Shunt infection is the second most common complication and
is estimated to occur in 3 % to 12 % in patients [2]. Possible
mechanical reasons for shunt revisions include overdrainage
(40 %), underdrainage (45 %), disconnection (9 %), migration
(3 %), and fracture (2 %) [3]. Accurate and timely evaluation
of suspected shunt malfunction is of the essence to avoid
harmful elevations in intracranial pressure. Furthermore, ac-
curate identification of the site of shunt failure will facilitate
prompt and accurate surgical repair.

Most commonly in this context, plain radiographs are rou-
tinely performed along the tubing of the skull, chest, and abdo-
men (“shunt series”), as well as head computed tomography
(HCT). In studies analyzing the diagnostic yield of these mo-
dalities, the sensitivity of shunt series for detecting a shunt
malfunction subsequently undergoing revision was found to
be very low [4-6]; in a large review the positive predictive
value of shunt series was calculated at 72.3 %, the negative
predictive value at 75.1 % [7]. The reliability of alterations of
the ventricular system on HCT scans used to rule out shunt
malfunction in pediatric patients has been questioned [8].
This corresponds to our clinical experience in patients with
long-standing HCP and normal pressure hydrocephalus
(NPH), where clinical shunt malfunction does not always go
along with changes of the ventricular system. Clinical path-
ways in pediatric emergency rooms have been proposed, im-
plemented, and evaluated for patients returning after a shunt
operation [9].

We routinely use contrast-enhanced shunt series (also re-
ferred to as “shuntogram” or “shuntography”) as an adjunct
diagnostic procedure when a standard workup fails to show a
structural explanation for a clinically suspected shunt mal-
function. In this article, we will review our experience of
contrast-enhanced shunt series and provide an assessment of
its utility in managing patients with suspected shunt failure.
Furthermore, we will discuss pitfalls and complication rates of
this invasive diagnostic procedure.

Material and methods

Indication and technique of contrast-enhanced shunt
series

The rationale for performing a dynamic contrast-enhanced
shunt series was based on clinical grounds given signs of
underdrainage unexplained by plain shunt series and cranial
cross-sectional imaging [HCT or magnetic resonance imaging
(MRI)] (Table 1). The individual decision to perform a
contrast-enhanced shunt series, including the consequences
thereof, was at the discretion of the surgeon on call.
Contrast-enhanced shunt series are carried out in the angi-
ography suite by a neurosurgeon and a neuroradiologist.
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Table 1  Typical findings in evaluating a patient with suspected shunt
malfunction that likely would have resulted in obtaining a contrast-
enhanced shunt series

* Clinical signs of underdrainage
* Inability to pump the valve, suggestive of shunt tubing occlusion

* Clinical examination without signs of infection or any other
explanations of malfunction such as palpable subcutaneous fluid
collections suggestive of leakage/discontinuity

* Plain shunt series (skull, chest, and abdominal x-ray) without signs of
discontinuity or any other explanation of malfunction, such as
extraperitoneal position of the distal catheter

* Head CT scan without signs of displaced ventricular catheter or any
other explanation of malfunction

Patients are examined in a supine position with the head ro-
tated to the contralateral side of the implanted shunt system.
Limited shaving directly over the prechamber is followed by
thorough local disinfection. The prechamber is punctured with
a 23-gauge (0.65-mm-diameter) injection needle.
Spontaneous outflow or careful aspiration of cerebrospinal
fluid (CSF) confirms correct needle position, while a small
amount of CSF is collected for a routine cell count and micro-
biological testing. For contrast-enhanced demonstration of pa-
tency in the proximal catheter, 1 to 3 ml of the water-soluble
nonionic iodinated contrast agent iopamidol (Solutrast
200 M®, Bracco Inc., Italy) is slowly injected into the
prechamber under gentle application of manual pressure to
the skin overlying the distal catheter (Fig. 1). When evaluating
the patency of the distal system, gentle compression is applied
to the tubing proximal to the reservoir while injecting.
Injection, tube filling, and contrast outflow at the proximal
(i.e., ventricular) and distal (i.e., atrial or peritoneal) catheter
end are documented using plain radiography with a frame rate
of four pictures per second on a biplane angiography suite
(Artis Q, Siemens Medical Solutions, Forchheim, Germany).
Images are then saved to the picture archive and communica-
tion system (PACS) for review and evaluation.

Selection of patient study population

We retrieved 133 consecutive contrast-enhanced shunt se-
ries on 110 patients from our local PACS server over a
period ranging from 2008 to the first half of 2014 and
reviewed the patient histories, implications, assessments,
and treatment consequences corresponding to this diag-
nostic procedure. During that time period this institution
performed 1085 shunt procedures. We excluded patients
with a follow-up of less than 30 days (n=23) and those
with technically insufficient procedures (n=3). The study
was approved by the Institutional Review Board (protocol
no. 17/10/15An) and conducted in accordance with the
1964 Helsinki Declaration and its later amendments. For
this type of study, formal consent is not required.



Acta Neurochir (2017) 159:63-70

65

Fig. 1 Normal finding in a contrast-enhanced shunt series of the head
exhibiting retrograde filling of the ventricular catheter. While the tubing
between the prechamber (c) and the programmable differential pressure
valve (d) is occluded by gentle pressure to the overlying skin, contrast
agent is injected percutaneously into the prechamber (c) and exits the
openings of the ventricular catheter (a) in a retrograde manner. Thus, an
unobstructed proximal part of the shunt system is shown. Part (e) denotes
the gravity-adjusted valve of the proGAV valve system (Miethke Inc.),
part (b) denotes tubing fixation and bur hole cover. The distal catheter still
shows the double contour of tubing not filled with contrast agent

Evaluation of contrast-enhanced shunt series
and definition of positive and negative findings

The contrast-enhanced shunt series were reevaluated.
Negative testing was defined as complete contrast filling of
the shunt tubing and free contrast outflow through the proxi-
mal catheter perforations as well as the distal catheter opening.
Reduced outflow of the proximal catheter, discontinuation or
leakage within the tubing route, as well as pooling or dimin-
ished outflow at the distal catheter ending were criteria that
suggested malfunction. In these cases, contrast-enhanced
shunt series were interpreted as positive.

Definitions used to calculate statistical test characteristics

In a recent evaluation of technetium-99 (°*Tc) enhanced shunt
series, Thompson et al. [10] suggested that a shunt series
could only be declared truly negative if a 30-day follow-up
revealed no further clinical events. We adapted this definition
for our evaluation of the reliability of contrast-enhanced shunt
series (Table 2). A negative contrast-enhanced shunt series
was considered a true negative if no further invasive test and
no shunt revision surgery aiming at restoring patency were
performed for 30 days or when a revision was performed
without pertinent intraoperative findings. Revision surgery

aiming to correct the shunt system’s pressure setting, such as
the addition of an anti-siphon device, was allowed. A negative
test was labeled as a false negative if revision surgery was
performed and an occlusion was found. Even without proper
identification of any occlusion, the test was still considered a
false negative if the clinical course was unremarkable for
30 days after revision surgery, assuming that the previously
obstructed flow had been restored. On the other hand, a pos-
itive contrast-enhanced shunt series was a true positive if re-
vision surgery took place with intraoperative findings as ex-
pected or with an unremarkable clinical course for 30 days.
Lastly, a positive test was labeled as false positive if no intra-
operative occlusion was found or if additional invasive tests or
further surgeries took place within 30 days.

Results
Baseline characteristics

We evaluated 133 contrast-enhanced shunt series on 110 pa-
tients over a 6.5-year period. After excluding 23 examinations
for a follow-up of less than 30 days and of 3 examinations for
technically insufficient execution (e.g., misplaced cannula),
we were left with n= 107 examinations in 89 patients (45
male, 44 female). Mean age at evaluation was 44.1 years
(SD 27.5 years); 23 examinations were (21.5 %) performed
on patients under 16 years of age by the pediatric neurosur-
gery team; 28 examinations (26.2 %) were performed on pa-
tients over the age of 70 years. The implantation diagnosis was
pseudotumor cerebri/idiopathic intracranial hypertension in 5
patients, obstructive HCP in 10 patients, normal pressure hy-
drocephalus (NPH) in 22 patients, and other forms of commu-
nicating HCP in 52 patients (Fig. 2). All shunts evaluated were
ventriculo-peritoneal shunts except for two ventriculo-atrial
shunts (initial diagnosis: NPH; communicating HCP), one
ventriculo-pleural shunt (communicating HCP), and one
subduro-peritoneal shunt (communicating HCP). The
contrast-enhanced shunt series examination was performed
at a mean of 38.9 months (minimum 2 days, maximum
34.9 years) after shunt implantation or the latest shunt revi-
sion. Implanted valves evaluated were Hakim-Medos valves
in 58 cases (54.2 %), proGAV systems in 30 cases (28.0 %),
proSA systems in 10 cases (9.3 %), Pudenz-Schulte valves in
5 cases (4.7 %), and other shunt systems in the remaining
cases. Mean follow-up was 24.9 months (minimum 35 days,
maximum 69.4 months); nine cases had a follow-up of less
than 3 months.

Radiation dosage required

The applied radiation dose was low in the majority of cases
(median dose area product 182.6 uGy x m?). The lowest dose

@ Springer



66

Acta Neurochir (2017) 159:63—70

Table 2 Definition of shunt
malfunction due to shunt

Follow-up period of 30 days with some or all of the following findings

obstruction, modified from

Thompson et al. [10] Shunt failure due to

obstruction

No shunt failure due to shunt
obstruction

Shunt revision surgery with intraoperative confirmation of shunt obstruction

Shunt revision surgery without findings pertinent to shunt obstruction but with
improvement of symptoms during follow-up period

No surgery, no further invasive tests necessary to assess shunt patency

No surgery to restore shunt patency, surgeries to adjust opening pressure level
(e.g., change of valve system, addition of anti-siphoning devices) are allowed

Revision surgery performed without intraoperative demonstration of occlusion

and with further unremarkable clinical course

required was 2 uGy x m” in a 3-month-old infant. However,
the radiation dose cumulated to relevant exposures in extreme-
ly obese patients when additional images using the digital
subtraction technique were required; the highest dose area
product applied was 8214 pGy x m* in a 75-year-old patient.

Patients with negative findings in contrast-enhanced
shunt series

Of 107 contrast-enhanced shunt series examinations, 66
(61.7 %) were read as normal, showing no signs of obstruc-
tion or other pathological findings (Fig. 3). Within 30 days,
12 patients underwent surgery, 8 of those to change the
valve type or to address issues other than obstruction. In
two patients, intraoperative shunt testing was performed
without evidence of obstruction and hence no need for revi-
sion. However, in another two patients, intraoperative testing
revealed obstruction in spite of an inconspicuous contrast-
enhanced shunt series. These two patients underwent shunt
revision surgery on clinical grounds only at day 4 and 7
after the contrast-enhanced shunt series (2 cases of a false-
negative examination at 30 days). One of these patients was
lost to follow-up at day 35; the other patient underwent

O HCP of unknown origin

O HCP associated with
malformations
O HCP associated with

myelomeningoceles
O posthemorrhagic HCP
@ posttraumatic HCP
@ postinfectious HCP
[ HCP after tumor resection
M idiopathic intracranial

hypertension (IIH)
W obstructive HCT

pediatric patients

Fig. 2 Pie chart showing diagnosis at the time of the primary CSF
diversion procedure of patients undergoing contrast-enhanced shunt
series. Numbers given are absolute patient numbers (n = 89). On the left,
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placement of a ventriculo-atrial shunt 5 days after the first
revision. Within 90 days, seven additional patients
underwent surgery, three to change the valve type or to
resolve issues other than obstruction. Two patients were
found to have an infection and underwent externalization
of the shunt catheter. However, another two patients
underwent revision surgery of their shunt system at day 31
and 50 after contrast-enhanced shunt series, in one case up-
on clinical judgment only, in one case after a second
contrast-enhanced shunt series demonstrating possible distal
obstruction. Both patients did well for at least 6 months after
the revision (total of 4 cases of a false-negative examination
at 90 days).

Forty-seven patients with normal examinations and with-
out revision surgery within their follow-up or within 90 days
were followed over a mean of 22.0 months. Eleven of these
patients underwent shunt-related surgery at a later date; the
remaining 36 patients did not undergo any shunt-related pro-
cedure during their follow-up. One patient received a repeat
examination 3 days after the first, again demonstrating paten-
cy, while an additional eight patients had repeat examinations
an average of 17.1 months after the initial examination with
different findings.

W obstructive HCP

W idiopathic intracranial
hypertension (IIH)

W HCP associated with tumors
@ normal pressure HCP (NPH)
@ posttraumatic HCP

O posthemorrhagic HCP

O HCP of unknown origin

adult patients

the pediatric patient population is given (<15 years of age at time of initial
CSF diversion procedure), on the right the adult patient population
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Fig. 3 Flow chart depicting
results of contrast-enhanced 107 contrast enhanced shunt series
shunt series and false-negative (100%)
and false-positive results.
Boxes in the fourth row
indicate results from 30-day / \
follow-up; boxes in the bottom
row indicate results from 90-
day follow-up. Dash-dot-line 41 positive examinations (pathological) 66 negative examinations (normal)
boxes (--+) show false-positive (38.3%) (61.7%)
results; dashed-line (—) boxes
show false-negative counts.
From these numbers, the / \
following test parameters are
calculated for the 3.0—day 38 3 surgeries
follow-up: specificity 92.8 %, surgeries without
false-positive rate/type 1 error with shunt attempt to
7.2 %; sensitivity 94.7 %, fer‘gz;g'r‘et" ‘;‘;ts;‘;fcey
false—negat?Ye rate/t}fpei II error patency
5.3 %; positive predictive value
87.8 %; negative predictive
value 97.0 % / \ / \
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Patients with positive findings for shunt obstruction
in contrast-enhanced shunt series

Forty-one examinations were evaluated as positive. The find-
ings included complete or partial central catheter occlusion
(m=15; 36.6 %; ec.g., Fig. 4a), valve level occlusion (2;
4.9 %), distal catheter occlusion or peritoneal pooling (e.g.,
Fig. 4b) and retrograde flow along the catheter (e.g., Fig. 4c)
(20; 48.8 %), and leakage with or without disconnection that
was not observed in the plain shunt series (4; 17 %; e.g.,
Fig. 4d). All patients underwent surgery an average of 3 days
after the index examination. Five patients had a complete re-
vision of their system, and four patients underwent a shunt
system exchange (e.g., ventriculo-atrial placement). Revision
surgery of 29 patients was targeted and of only a limited ap-
proach to restore shunt patency, guided by the contrast-
enhanced shunt series (revision of the central catheter in 12
cases, revision of the valve in 1 case, revision of a kinked tube
in 1 case, and revision of the distal catheter in 15 cases). In one
patient we detected a shunt infection, and the shunt was

externalized. However, two patients were found to have a
patent shunt system intraoperatively, so no revision surgery
was performed. These patients were followed for over 2 years;
one received an anti-siphon device 13 days after the explor-
atory surgery as the only procedure. Of the 38 patients under-
going revision surgery, three patients had to be reoperated to
restore shunt patency within 30 days, two for recurrent distal
occlusion, one for recurrent central occlusion. Another four
patients underwent revision surgery for distal occlusion within
90 days of the index examination (5 cases of a false-positive
examination at 30 days, a total of nine cases of a false-positive
examination at 90 days).

Complications of contrast-enhanced shunt series

During contrast-enhanced shunt series one patient experi-
enced an allergic reaction with nausea and a rash that resolved
after administration of steroids. No patients suffered from sei-
zures or other neurological sequelae; no infectious complica-
tions were observed during the follow-up period.
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Fig. 4 Contrast-enhanced shunt series with typical pathological findings.
a Occluded central ventricular catheter with jet-like retrograde outflow of
contrast agent through only two openings and double contour of the most
proximal tip of the catheter. b Peritoneal pooling of contrast medium
suggestive of outflow occlusion due to peritoneal pseudocyst formation.
¢ Retrograde filling of a connective tissue sleeve along the most distal tip
of the peritoneal catheter, suspicious of peritoneal malabsorption due to
catheter scarring. d Catheter leakage at the peritoneal entry point with
occluded distal catheter

Discussion

Standard shunt series x-ray examinations only demonstrate
the integrity or disconnection of radio-opaque shunt tubing;
hence, shunt failures caused by occlusion along the tubing
including the valve will not be visible. In our retrospective
analysis of 107 contrast-enhanced shunt series, we were able
to show both a high positive and a high negative predictive
value for revision surgery. We found that contrast-enhanced
shunt series offer an excellent addition to the diagnostic arma-
mentarium for managing shunt failure. In addition, contrast-
enhanced shunt series allow for precise and focused shunt
revision surgeries, since it is possible to accurately determine
the site of occlusion. It has previously been pointed out that
with non-radio-opaque shunt tubing, contrast injection is es-
sential to rule out disconnection [11].

Larger retrospective case series of this simple diagnostic
measure are elusive. In a report on 23 examinations in 15 adult
patients, 4 studies were evaluated as normal. None of the
patients with normal studies required surgical revision [12].
No other studies exist with a higher number of patients. No
prospective case series have been published.
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Differences of contrast-enhanced shunt series,
radionuclide studies, and other imaging modalities

There are a number of studies regarding diagnostic shunt ex-
aminations requiring the injection of radioactive markers
(°*°Te) into the prechamber or into the valve. Marker accumu-
lation in the ventricles and the peritoneal cavity is then
assessed; various methods for defining “normal” marker ac-
cumulation have been described [10, 13]. It has been indicated
that a *’Tc study can reliably demonstrate persistent fibrous
tracts in patients with broken or disconnected catheters [14].
However, in a large study comparing the diagnostic yield of
standard shunt series, HCT, and radionuclide studies, the pos-
itive predictive value for shunt revision was found to be 55 %
for HCT and only 62.5 % for **Tc scans [5]. These low pre-
dictive values are contradicted by a study of 85 pediatric pa-
tients, where a sensitivity of 96 % and a specificity of 89 %
were found [15]. Furthermore, a review of 115 negative **Tc
scans found a false-negative rate of 14 % [16]. During a very
detailed analysis of the different parameters of marker accu-
mulation for defining a “normal” *Tc scan, sensitivity fell
between 37.5 % and 87.5 %, specificity between 51.4 % and
97.2 %, positive predictive value between 39.2 % and 82.8 %,
and negative predictive value between 81.3 % and 92.0 %
[10]. Finally, in a retrospective study on 68 **Tc shunt series,
a high false-negative rate of 25 % was found [17]. Contrast-
enhanced shunt studies in our series compare at least similarly,
if not favorably, to all of the statistical parameters given in the
aforementioned studies of **Tc shunt series. We would have
expected that sensitivity (and therefore false-negative rates)
would improve with radioisotope studies, since small amounts
of tracer are easily detected with gamma cameras. However,
this is not the case, possibly due to the fact that a shunt system
patent for a small amount of CSF yields only clinically insuf-
ficient drainage.

A number of typical complications of the peritoneal cathe-
ter, such as misplacement and pseudocyst formation, can be
assessed reliably using abdominal computed tomography
(CT) and ultrasound examination. In reviewing 70 abdominal
CT scans, pathological findings were seen in 16 patients
(22.9 %) [18]. Nevertheless, this examination should only be
reserved for patients with an unclear abdominal pathology
within the context of a specific issue and does not play a role
in routine diagnostics. However, an abdominal CT subse-
quently performed after a contrast-enhanced shunt series will
accurately demonstrate pseudocyst filling. Abdominal ultra-
sound offers a readily available technique for ruling out
pseudocyst formation, especially in children [19].

Very few studies have focused on the role of MRI in diag-
nosing ventriculo-peritoneal shunt malfunction. In a prospec-
tive study comparing asymptomatic shunt patients with pa-
tients already diagnosed with shunt obstruction, significantly
different cerebrospinal fluid (CSF) velocities were observed in
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the intracranial catheter [20]. As with a head or abdominal CT,
MR imaging of the ventricular catheter will only point indi-
rectly toward shunt obstruction.

A contrast-enhanced shunt series examination is fairly inex-
pensive. According to the internal cost allocation of our institu-
tion, the charges are €45.60 including the contrast agent. In com-
parison, a 9T scan with SPECT and tracer totals €2000.00.

Pitfalls in performing contrast-enhanced shunt series

While all studies conducted during the index period were in-
cluded in the above evaluation, we also experienced some
difficulties in performing and interpreting contrast-enhanced
shunt series. While virtually all shunt systems on the market
today feature the option of percutaneous puncture to draw
CSF in order to exclude shunt infection, some shunt systems
(e.g., Miethke® ProGAV system with control reservoir) in-
clude a no-return valve in the prechamber, therefore making
retrograde contrast filling of the ventricular catheter impossi-
ble. This should not be misinterpreted as ventricular catheter
occlusion; ventricular catheter patency testing must rely on
CSF aspiration from the prechamber in these cases.

Some have alluded to the possibility of damaging the sen-
sitive valve mechanism when the contrast agent is injected too
forcefully [Aschoff A, oral communication, DGNC
Diisseldorf, May 29, 2013]. We agree that injection has to be
performed gently and have used a 10-ml syringe with a 23-
gauge butterfly needle to lower the pressure impact on the
valve. In our series, we are not aware of any valve damage.

When the injection cannula is misplaced or becomes dis-
engaged before injection, filling might occur in the connective
tissue sleeve alongside the catheter, possibly mimicking pa-
tency of the peritoneal catheter (“extravasation”). However, if
careful observation is given to the filling of the prechamber
and a loss of double contour in the tubing (Fig. 1), the exam-
iner will readily be aware of correct filling.

Limitations of the study

There are a number of limitations of this study. First and fore-
most, the design is retrospective. Although we re-evaluated
the images saved in the picture archive and communication
system (PACS) and were thus able to exclude false or incom-
plete interpretation of films, a prospective data collection
would have offered the possibility of predefined documenta-
tion of intraoperative findings. Furthermore, findings and
complications below the threshold of clinically necessary doc-
umentation might be underreported.

Second, the population is very heterogeneous and com-
prises different age groups, including pediatric patients, dif-
ferent pathologies, as well as different shunt and valve types.
However, the technique presented here and its potential and
limitations as discussed are likely independent from the

demographic factors given. We believe that a detailed sub-
group analysis would not yield more relevant results.

Evaluation of single radiographs and short sequences of films
taken in the angiography suite is subjective. We have neither
objectively measured nor calculated the flow of the contrast agent
administered in different sections of the shunt tubing. An addi-
tional objective measurement, such as the reading of an added
manometer to the injection cannula, would possibly enhance the
validity of contrast-enhanced shunt series.

Lastly, it should be mentioned that use of iopamidol is off-
label for contrast-enhanced shunt series. However, iopamidol
(Solutrast 200 M®, Bracco Inc., Italy) is approved for intra-
thecal injections and myelograms.

Conclusion

Contrast-enhanced shunt series have a better sensitivity and
specificity for detection of obstructive shunt malfunction than
plain shunt series alone. Statistical tests compare favorably to
those of radionuclide tracer shunt series (°°Tc). We recom-
mend performing contrast-enhanced shunt series instead of
radionuclide tracer series in any patient with signs and symp-
toms of underdrainage and an unremarkable plain shunt series.
In order to minimize the risk of shunt infection, the
prechamber should only be assessed once; CSF should be
withdrawn for microbiology testing as a routine part of
contrast-enhanced shunt series.
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Comments

Shunting dysfunctions represent very challenging issues in neurosurgery
because of the heterogeneity of patients and hardware. Neurosurgeons are
often required to solve life-treating situations at the last minute, frequently
without the necessary information. However, the matter is underrepre-
sented in the contemporary literature. Alternative methods, like injection
of radionuclide markers or MRI or x-ray examinations, are penalized by
low predictive values. In this context, the presented manuscript is wel-
come in order to present the authors’ results using an easy, cheap, and
efficient method to identify the cause of shunting dysfunction, the so-
called shuntography.

The authors retrospectively evaluated 133 contrast-enhanced shunt
series over a 6.5-year time period. The study presents the typical hetero-
geneity of these patients: different pathologies, different shunts and valve
types, and different age groups. Nevertheless, the authors performed a
very exemplary analysis of the data resulting in four cases with false -
egative and nine case of false-positive results; moreover, one patient
experienced an allergic reaction in all probability caused by iopamidol,
off-label for contrast-enhanced shunt series.

Very valuable are the three described pitfalls, the no-return valve in the
prechamber, the risk of damaging the valve through forceful injection of
the contrast agent, and the latency-mimicking risk.

In conclusion, the authors recommend performing contrast-enhanced
shunt series instead of radionuclide tracer series, which reflects our clin-
ical experience too. Overall, the authors should be congratulated for this
straightforward study.

Lehel Torok Neuruppin

Alex Alfieri Neuruppin
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