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Abstract Introduction: Nuclear
medicine shuntograms using the
radiotracer technetium-99m
diethylenetriaminepentaacetic acid
have been used for many years as an
additional method to assess shunt
patency and performance. Methods:
The medical records of all children
who had shuntograms performed at the
Children’s Hospital of Eastern Ontario
between January 13, 2000, and
January 10, 2003, were retrospectively
reviewed. There was a total of 68
procedures in 56 patients with an
average age of 9 years 3 months.
During the same period there were 123
shunt revisions. Results: Forty-two
shuntograms were reported as normal.
Of'these, ten were identified to be false
negative. Two children with fractured
shunts had shuntograms performed in
order to assess for cerebrospinal fluid
flow patency; the shuntograms were
identified to be normal, confirming
shunt dependence, and the shunt

Introduction

replaced. Twenty-six shuntograms
were reported as abnormal in 24
patients; 17 went on to have surgery
and the shunt malfunction was
confirmed. Seven patients did not
require surgery: five were declared
shunt independent, two patients
clinically improved after severe
constipation was treated.
Conclusions: Approximately one
fourth of all shuntograms reported as
normal are not (false-negative
rate=25%). Review of five other major
studies between 1980 and 2003 have
reported false-negative rates between 2
and 36%, which may be explained by
variations in shuntogram protocols.

A standardized method is proposed.
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99mTe DTPA is the radionuclide of choice for shunto-

Shuntograms have been introduced to assess shunt patency
when clinical and other neuroimaging studies cannot as-
certain a shunt malfunction requiring surgical correction.
Both iodinated contrast material and radiotracers have been
used for this purpose. The latter are more popular and very
small volumes are required to perform the procedure. Dif-
ferent types of radionuclides have been used: iodine 131
("*'T) serum albumin (RISA 131) was introduced in 1959
[2], technetium 99m (*”™Tc)-DTPA in 1966 [7], and indium
111 (*""In)-DTPA in 1973 [9].

gram studies. It is injected into the shunt reservoir and fol-
lowed along its passage through the shunt. Both proximal
and distal shunt patency can be established, especially when
clinical symptomatology and standard neuroimaging [i.e.,
brain computed tomography (CT), shunt survey] have not
been conclusive in suggesting a shunt malfunction. Shunto-
grams, however, have been reported to have false-negatives
rates ranging between 2 and 36% [8, 10, 13, 14, 16]. It was
decided to audit the shuntograms performed at Children’s
Hospital of Eastern Ontario (CHEO) in order to determine
if these procedures have yielded useful information with
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respect to evaluating shunt patency and the need to perform
surgery.

Methods

The medical records of all children who underwent shunto-
grams in a 3-year period between January 13, 2000, and
January 10, 2003, were identified and reviewed. The in-
formation extracted from the charts included the etiology
of the hydrocephalus, the type of shunt system and valve,
presenting symptoms, preliminary shunt investigation re-
sults (i.e., brain CT, shunt survey), shuntogram results,
and the surgical findings.

Patients undergoing shuntograms at the Children’s Hos-
pital of Eastern Ontario (CHEO) fast for 3 h with no position
or movement restrictions before the procedure. These are
children who are suspected of having a shunt malfunction
and are fasting either because they have been vomiting or
surgery is being anticipated. The shuntogram protocol at
CHEO was developed by the radiology department. The
patients are placed either in the supine or prone position
with the head turned away from the shunt site. The scalp
overlying the valve is slightly shaved, the area prepped
using proviodine, and a small sterile drape applied. The
reservoir portion of the valve is punctured with a 25-gauge
needle without distal compression. Return of cerebrospinal
fluid (CSF) into the needle hub is considered an indication
ofa correct puncture and ventricular catheter patency. There
is no attempt to actively withdraw any CSF. A syringe
containing 1 mCi of *™Tc-DTPA (equivalent to 37 MBq),
with an average volume of 0.10 ml, is then inserted into the
needle hub and the radiotracer injected. The tracer is imaged
by a gamma camera every 30 s and the tracer followed along
its path down the shunt. The children are kept in the same
position. The time of peritoneal spillage, if any, is recorded.
If there is no peritoneal spill noted at 20 min, the patients are
allowed to sit for 5 min, and then reimaged. This repo-
sitioning procedure may be repeated until peritoneal spill-
age occurs, or it is clear that it is not going to occur.

Two pediatric radiologists performed the procedure and
interpreted the results. Based on their reports, shuntograms
were categorized as either normal or abnormal. A normal
shuntogram would be one with the spontaneous appearance
of CSF within the needle hub and peritoneal spillage within
20 min. Then, depending on the course of events, the des-
ignations of false negative, true negative, or true positive
were applied. In false-negative studies, the shuntogram was
reported as normal; however, surgery was performed be-
cause of persisting symptoms, and a shunt malfunction was
identified. If the symptoms spontaneously subsided or later
were identified not to be shunt related and there were no
further concerns during the years 20002003, then the shun-
togram was designated as a true-negative study. The true
positive category was used if the shuntogram demonstrated

a shunt malfunction and surgery confirmed the malfunction
and corrected the symptoms. Patients whose shuntograms
showed shunt patency, but the radiologist observed that the
tracer moved “somewhat slowly”, were placed in this group.
The false-positive rate could not be calculated because al-
though there was a group of patients that demonstrated a
positive shuntogram that went on to improve and stay well
during the 2000-2003 period, surgery was never performed.
For the same reason, any diagnostic outcome measures (i.e.,
sensitivity, specificity, positive or negative predictive values)
have no validity because not every shuntogram was fol-
lowed by the “gold standard” of surgery.

Shunt surgery consisted of first exploring the shunt sys-
tem in the operating room while the patient was under gen-
eral anesthesia. The ventricular catheter was disconnected
from the valve, and both the proximal and distal ends ma-
nometrically assessed. Depending on the pressures and
flows obtained, the site of shunt malfunction was docu-
mented and the shunt revised.

Results

Sixty-eight shuntograms were performed in 56 patients.
During the same 3-year period there were 123 shunt re-
visions. Age ranged between 5 months and 20 years at the
time of shuntogram, with a mean of 9 years 3 months and a
median of 10 years. The most common population of pa-
tients with hydrocephalus requiring shuntogram evaluation
consisted of those with spina bifida and ventriculoperito-
neal shunts (Tables 1 and 2). In the 68 shuntograms, there
were 58 shunts tested with pressure differential valves with-
out antisphoning devices (PS Medical, Medtronic) and ten
with Delta valves.

Forty-two shuntograms were reported as normal and 26
as abnormal. Two of the 42 normal shuntograms were per-
formed to assess for patency of CSF flow in asymptomatic
patients with fractured shunts; CSF flow through the shunt
seemed patent and surgery was performed. Ten out of re-
maining normal studies were classified as false negative
after surgery identified shunt malfunctions (false-negative
rate=25%). There were seven distal revisions and three
proximal revisions. All of these were associated with pres-
sure differential valves without antisiphoning devices.

Table 1 Etiology of hydroceph-

alus in the study population No. of cases

Etiology

Spina bifida 25

Congenital 13
Intraventricular 8
hemorrhage

Brain tumor 6
Brain trauma 2
Other 2
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Table 2 Shunt systems at the

. Number
time of shuntogram

of cases

Shunt type

Ventriculoperitoneal 47

Cystoperitoneal 4
Ventriculoatrial 3
Some patients had more than one ~ Subdural-peritoneal 1
shunt. The table indicates which  Lumboperitoneal 1
shunt the shuntogram was Ventriculopleural 0

performed on in each patient

Out of the 26 abnormal shuntograms, surgery was re-
quired in 17 cases and all were confirmed to have shunt
malfunctions (true-positive rate=100%). Seven patients had
proximal revisions, four had distal revisions, two had their
valves changed only, one had a disconnected Y catheter
reconnected, two had complete shunt replacements, and one
had the conversion of a ventriculoperitoneal to a ventricu-
lopleural shunt. The 17 cases operated on included two
patients with abnormal shuntograms that were initially ob-
served because of resolution of symptoms; when the symp-
toms recurred, the shuntograms were repeated and surgery

performed. In the remaining seven patients with abnormal
shuntograms that did not go on to have surgery, three pa-
tients had symptoms that resolved and never recurred; two of
these patients had constipation treated and their symptoms
eventually resolved once the constipation was managed.
There were four asymptomatic patients that had shunto-
grams performed (subsequently identified to be abnormal)
because of brain CT or shunt survey changes; these patients
have remained well. Five of the seven patients with abnor-
mal shuntograms seem to be shunt independent, but they
will continue to be followed. The total of 29 patients who
underwent surgery are presented in Table 3 along with the
shuntogram results, type of surgery performed, and pre-
senting symptoms.

Discussion

Since the report of Di Chiro and Grove in 1966, shunto-
grams using *°"Tc-DTPA have evolved [7, 8]. The fun-
damental goal of this procedure, however, has remained the
same: to determine whether or not a shunt is working. With

Table 3 Shuntogram results,

Patient Shunt S Sympt:
surgery performed, and present- aten untogram ureery ymptoms
Ing symptoms 1 Negative Distal*/valve® Decreased appetite, vomiting

2 Negative Distal® Headaches

3 Negative Proximal® Lethargy, vomiting

4 Negative Proximal®/valve® Headaches

5 Negative Distal® Headaches, vomiting

6 Negative Distal® Lethargy, vomiting

7 Negative V-gall bladder Irritability, vomiting

8 Negative Distal®/valve® Lethargy

9 Negative Proximal® Irritability, gagging

10 Negative Distal*/valve® Fatigue, headaches, vomiting

11 Positive Proximal® Irritability, lethargy, seizures

12 Positive Distal® Headaches, sore neck

13 Positive Complete® Irritability, fever

. L .

Shuntograms 1-10 are false- 14 Posgve Proximal . He.ada.cll‘nes, vomiting N
negative studies. Patients 21 and 15 Positive Complete Irritability, lethargy, vomiting
23 were identified to have frac- 16 Positive Proximal®/valve® Increased head circumference
tl;red sﬁlunts, which wf?re reziwsed 17 Positive Valve® Headaches, fever
zhf;tspggfg;?ggggﬁtl%} as 18 Pos%t%ve Distal® . Headaches, back pa%n, staring spells
identified to have a shunt fracture 19 Positive V-pleural Headaches, neck pain, nausea
that was not apparent on the 20 Positive Distal® Headaches, vomiting
shunt survey . .21 Negative Reconnection® None
Distal shunt surgery (i.e., peri- 2 Positi Proximal® Difficulty i .
toneal catheter revision) ositive roxima 1fficulty in concentrating
®Valve replaced 23 Negative Complete® Infrequent headaches
‘Proximal shunt surgery (i.e., 24 Positive Proximal® Irritability, lethargy
Xer_ltrlcular. qatheter reV1s1(_)n) 25 Positive Valve® Headaches, stiff neck
Distal revision to a ventricular- .. D e .
gallbladder shunt 26 Positive Proximal Upper extremity weakness
“Complete shunt replacement 27 Positive Distal® Progressive spinal deformity
Distal revision to a ventricular- 28 Positive Proximal®/valve® Headaches
pleural shunt 29 Positive Reconnection® Back arching, vomiting

£Distal shunt reconnected
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pressure differential valves, CSF drains more rapidly from
ventricles when the patient is active (standing, moving
around, or crying) [8]. Even after cessation of activity, CSF
may continue to drain more rapidly for a small period even
if the patient is lying down, because of siphoning. This
increase in flow may possibly overcome some partial shunt
obstruction. For this reason, some centres insist that their
patients remain supine and inactive for up to an hour before
being tested [3, 15, 16]. Flow-regulated valves and those
that possess antisiphoning mechanisms are less susceptible
to changes in pressure and gravity influences.

Some centres use shunt systems containing reservoir an-
techambers proximal to the valve for CSF access [14-16].
In these instances, ventricular reflux is easier to assess with
the valve completely compressed during the shuntogram pro-
cedure; this is the closest one can come to non-invasively
administering the radiotracer directly into the ventricular
system [8]. Otherwise, the radiotracer may travel directly
down the distal catheter without any ventricular reflux.

Although the presence of CSF flowing out of the res-
ervoir portion of the valve after being punctured with the
25-gauge needle indicates some flow from the proximal
catheter, it cannot entirely rule out a partial proximal cath-
eter obstruction. Some studies report active aspiration be-
tween 1 and 3 ml of CSF, primarily for analysis [1, 8, 10, 15].
Although, this may ascertain some degree of ventricular
patency, a partial malfunction may be missed. Identification
of CSF in the needle hub indicates a correct puncture; how-
ever, further assessment by the continuation of flow obser-
vation may assist in improving the identification of shunts
with proximal malfunctions.

In those patients who do not have a proximal antecham-
ber reservoir, the radiotracer is injected into the reservoir
portion of the valve while either the distal end of the valve or
the peritoneal catheter immediately distal to the valve is
compressed. It is difficult to compress the distal portion of
the valve and inject proximally, especially in small valves or
in older children with increased subcutaneous tissue. It is
even more difficult to locate and immobilize the distal tub-
in%,9 let alone completely compress it.

MTc-DTPA is a very efficient radiotracer with volumes
as little as 0.05 ml required to conduct a shuntogram. This
diminishes the problem of a large pressure increase as a
result of the radiotracer volume injected, which may tran-
siently overcome a partial proximal shunt obstruction. For
example, an 11-cm ventricular catheter with a diameter of
1.5 mm has a volumetric capacity of 1.9 ml; proximal in-
jection of such a volume may overcome a partial shunt
malfunction and falsely suggest a functioning shunt. Some
centres continue to perform shuntograms using iodinated
contrast material [1, 3]. Disadvantages include the higher
injection volumes (i.e., 2-3 ml) required, the risk of possible
allergic reactions, and the requirement of X-rays. Radio-
tracer shuntograms have largely replaced iodinated contrast
studies for these reasons. However, centres performing radio-
tracer shuntograms are using volumes up to 1 ml, usually

after an attempted withdrawal of a similar or larger volume
[8, 10, 13—16]. The lowest recorded volume used at CHEO
was 0.07 ml and the highest 0.17 ml, the variability de-
pending on the time of day the radiotracer was used in order
to achieve an activity of 1 mCi. Thus, the studies at CHEO
have been purely diagnostic, and not therapeutic by using a
larger volume in order to obtain ventricular reflux, and by
doing so possibly overcoming a partial shunt malfunction.

Shuntograms visually track the flow of CSF associated
with the radiotracer; however, it may be difficult to ascertain
whether or not it is moving fast enough unless one has a
basis for comparison with a normally functioning shunt
with a similar valve system. Although most shuntograms
performed at CHEO were those in children with spina bifida
with ventriculoperitoneal shunts and pressure differential
valves, the influence of other shunt systems and valves is
unknown. It was usually left up to the radiologist to provide
that interpretation. Calculation of the CSF clearance half-
time via construction of a time—activity curve has been
reported to be a quantitative depiction of shunt function [15,
16]. The shape of the curve has also been reported to be
useful in diagnosing distal obstruction, although it may be
misleading when investigating proximal obstruction [16].
The construction of the time—activity curve depends on the
gamma counts emitted by the radiotracer at the injection site.
Rapid clearance may be a result of losing radioactivity from
ventricular reflux occurring simultaneously with distal ra-
diotracer flow. Caution should therefore be applied when
interpreting time—activity curves, especially with different
shunt and valve systems.

Although all patients are initially lying down when the
tracer is being administered, that same position may not be
maintained for the duration of the study. If peritoneal spill-
age does not occur by a certain time, some centres allow
patients to sit up, move around, or even have their shunts
pumped in order to facilitate the flow of CSF [1, 8, 10, 13,
16]. Although this practice may enhance the radiotracer
flow, in order to ascertain that the shunt is not completely
blocked, it does not mimic regular shunt function and a
partial malfunction may be missed. If a shunt only functions
well when it is pumped or the patient is sitting up, then it is
most likely not working properly [8]. In pressure differen-
tial valves, not only the intraventricular pressure, but also
gravity and siphoning, affect the flow of CSF [16].

Ideally, false negatives should only be determined after
surgery is performed to identify a malfunctioning shunt
when the shuntogram was reported as normal. However,
unless there are persistent neurological symptoms, a shunt
with a normal shuntogram would not be explored. It is
assumed, therefore, that if a patient has a normal shunto-
gram, resolution of symptoms, and does not require further
investigation, that the shunt is not at fault. Some centres
factor in all of the patients who had shuntograms, as op-
posed to including only the normal studies in the denom-
inator, which artificially reduces their false-negative rate
[14]. In addition, it is important to be careful in classifying
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Table 4 Comparison of shuntogram results in different centres utilizing **™Tc-DTPA

Series Years No. of No. of False negative
patients shuntograms (%)
French and Swanson [8] 1977-1981 43 78 36 (13/36)
Graham et al. [10] 1978-1980 142 192 2 (2/105)
Vernet et al. [16] 1991-1993 47 56 14 (3/22)
May et al. [13] 1992-1995 85 85 11 (4/35)
O’Brien et al. [14] 1997-2001 na 149 14 (16/115)*
CHEO 2000-2003 56 68 25 (10/40)

Corrected false-negative rate should be 16% after 18 cases are removed from denominator of 115; these patients had normal shuntograms and

no shunt obstructions identified at the time of surgery
na data not available

shuntograms as normal in patients that were allowed to sit
up or have their shunts pumped.

The most accurate shuntogram procedures would be
those with the lowest false-negative rates. Compared with
other shuntogram studies (Table 4) our false-negative rate
0f25% is high [10, 13, 14, 16]. At CHEO, patient position-
ing and movements are not restricted before the test, so the
theoretical possibility remains that siphoning may still be
occurring for a short period. Antechamber reservoirs prox-
imal to the valve are not used. Correct puncture and some
degree of ventricular patency is ascertained by the free flow
of CSF into the needle hub. A very small volume of radio-
tracer is injected directly into the reservoir portion of the
valve, without distal compression, and static images are ac-
quired by a gamma camera at 5-min intervals without quan-
titative flow analysis.

Four out of the five major series in the literature [10, 13,
14, 16] injected the radiotracer into antechambers with
distal compression in order to attain ventricular reflux. This
may be correlated with the lowest false-negative rates (2,
11, 14, and 14%). French et al. used a variety of shunt sys-
tems, some with and others without a reservoir antechamber;
they reported the highest false-negative rate (36%) [8].
Unless forced, how does the radiotracer reflux so rapidly
into the ventricular system against the pressure and flow of
CSF? Is it possible that the radiotracer dilutes into the
ventricular system via a concentration gradient against the
flow of CSF? If that is the case, then is the assessment of
ventricular reflux of any importance? Although the pres-
ence of a proximal antechamber seems to facilitate this, is it
really necessary? The ten false negatives during the 3-year
study at CHEO were a result of three proximal and seven
distal shunt malfunctions. If a test for ventricular reflux was
successful in predicting the three proximal malfunctions,
the false-negative rate would decrease from 25 to 19% (i.e.,
one of five false negatives instead of one of four); this was
more dramatic in the report by O’Brien et al. who calculated
the false-negative rate would fall from 14 to 3% [14].

CSF transit time may also vary depending on allowances
to sit, stand, and walk during the shuntogram. Lack of com-
parison of the CSF clearance half-time with standardized

curves may decrease the study’s accuracy. For example,
shuntograms at CHEO were reported as ‘“normal” by the
radiologist with a peritoneal spillage at 10—15 min, whereas
five patients with a similar peritoneal spillage time were
reported as “a little slow.” Although shunts that are func-
tioning properly may vary in their descent of CSF into the
peritoneal cavity, in the majority of time a peritoneal spill
within 10 min is considered normal [16]. An analysis of the
rate of CSF flow may be able to detect subtle discrepancies
and better assess if a shunt is draining too slowly, or in the
case of overdraina%e, too quickly [13, 15, 16]. It has been
reported that the *™Tc-DTPA half-disappearance time in
normally functioning shunts is 0.5—6.0 min [15]. Vernet et al.
identified that tracer injection into the reservoir may be
associated with rapid entry into the peritoneal cavity, even
when the ventricular catheter is blocked. They concluded
that rapid radionuclide clearance is useful in eliminating a
distal obstruction as a possibility, but may be misleading
when diagnosing a proximal malfunction [16].

Constipation, the use of a corset, pregnancy, or anything
else that makes abdominal pressure exceed intracranial pres-
sure may decrease the pressure gradient, slow the rate of CSF
drainage, and cause a shunt to malfunction [15]. In fact,
abdominal problems account for up to a quarter of all shunt
malfunctions. Constipation affects as many as 1.5-5.7% of
all healthy children; as many as 90% of children with spina
bifida are chronically constipated [5]. Depending on ab-
dominal compliance, the effect of constipation on pressure
differential shunts may be variable. It would be logical to
treat a child’s severe constipation first and see if the intra-
cranial symptoms subside.

Graham et al. has reported the lowest false-negative rate
of 2% [10]. Their protocol did not mention any pre-shunto-
gram positioning restrictions or quantitative CSF flow
analysis. A small volume of CSF was first withdrawn from
the antechamber reservoir and 0.1 ml of *Tc-DTPA in-
jected followed by an additional volume of 0.3 ml of CSF
with simultaneous distal transcutaneous compression. Al-
though the patients were allowed to move around and later
be reimaged, if there was no peritoneal spillage by 45 min,
the shuntograms were considered positive. Forty-five min-
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utes for peritoneal spillage is considered by most studies to
be a long transit time. Surprisingly, only two of 105 normal
shuntograms were identified to have shunt malfunctions.
The long-term follow-up on the remaining 103 normal shun-
tograms was not discussed. What were the patient symptoms
attributed to, and did they subside? Was it necessary to ex-
plore the shunts a few weeks or months later? Furthermore,
there was a high false-positive rate; 11 of 76 abnormal
shuntograms were identified to have functioning shunts at
surgery. These 11 shuntograms were declared abnormal
based on the absence of ventricular reflux. The comment
was that absence of ventricular reflux may occur in normal
shunts. Ventricular reflux is not synonymous with the return
of CSF after puncturing of the shunt reservoir; the latter is a
better determinant of proximal catheter patency, especially
if the spontaneous flow of CSF can be assessed.

Broken shunts are usually identified on shunt surveys and
may continue to function as a result of CSF tracking through
a reactive epithelial fibrous sheath, which consistently forms
with time around shunts [4, 6, 17]. This may yield a mis-
leading shuntogram result, as patency is not always synony-
mous with adequate shunt function [4, 8]. If the shuntogram
reveals no flow through the shunt, then the patient may be
shunt independent [17]. Patients with spina bifida may
never be diagnosed as shunt independent and almost always
require shunt revisions [6]. If the shuntogram is reported as
normal, even though the catheter is broken, then the shunt is
usually revised electively. This is because the fibrous sheath
will eventually cease to act as a conduit for the CSF and the
patient may begin to experience symptoms of shunt mal-
function [11, 12, 17]. It is even possible that flow through
the fibrous tract may be position dependent [4].

It is important to note that although some shuntograms
may yield high false-negative results, they are usually per-
formed when other available information or imaging are
negative or equivocal. Patients who obviously have shunt
malfunctions or those who obviously do not, do not require
shuntograms. In some way then, the false-negative rate de-
pends on the threshold of performing the shuntogram and
later surgically exploring the shunt.

The false-negative rate at CHEO during the 3-year study
period indicates that one of every four shuntograms reported
as normal may have an associated shunt malfunction. All
of these malfunctions have been shown intraoperatively to
be partial rather than complete. This may explain the equiv-
ocal clinical presentation and initial neuroimaging studies.
With such a high false-negative rate, is it then worthwhile to
continue performing shuntograms? Shuntograms may often
be avoided by repeating the other neuroimaging studies and
continuing to observe the patients’ symptoms. At times, this
may require hospital admission. This contrasts with the cost
of performing a shuntogram, which averages Can $250.00
at CHEO. Although clinical symptoms were present in 28 of
the 29 patients that eventually went on to have shunt re-
visions (Table 3), surgery was not immediately offered be-

cause of the equivocal initial neuroimaging. In these cases,
shuntograms may possibly be delayed or even avoided if the
patients continue to be carefully monitored. Alternately, the
shunt may be explored earlier with the clinical information
at hand. Although there is the theoretical risk of creating a
shunt malfunction or an infection during the shuntogram,
there have been no complications associated with this pro-
cedure at CHEO or reported in the literature.

The misdiagnosis rate will remain high as long as a
standardized method is not used. The criteria for perfor-
mance of shuntograms need to be narrowed and standard
transit times identified for the various shunt systems and
valves available. Factors such as pre-shuntogram position-
ing, volume of radiotracer injected, volume and flow of
CSF return into the needle hub, placement of proximal an-
techambers, assessment of ventricular reflux, positioning
and valve pumping during the procedure, peritoneal spill-
age time, the construction of a time—activity curve, patient
factors (i.e., pain, crying, constipation), and the length of
patient follow-up can all contribute to the variable mis-
diagnosis rates reported in the literature. Shunts may not
require surgical intervention with absent ventricular reflux
or even prolonged transit times. On the other hand, there
may exist a proximal shunt malfunction with the presence of
ventricular reflux or even a normal transit time, or a distal
shunt malfunction with a normal transit time and a normal
peritoneal cavity dispersion.

The following is a proposed standardized method that
may have an impact in diminishing the misdiagnosis rate.
After skin preparation and insertion of a 25-gauge needle
into the reservoir portion of the shunt system, assessment of
the presence of CSF for proximal catheter patency is done.
This can be further evaluated by attaching a 12-in. clear
tubing and observing how well the CSF flows that distance
spontaneously. The tubing can then be disconnected, the
contents sent for laboratory assessment, and a syringe con-
taining a small volume of radiotracer inserted into the needle
hub and the contents injected (using a combined assembly
butterfly needle and tubing requires a larger injection vol-
ume). This will be primarily for distal patency assessment.
A peritoneal spillage time of 10—15 min could be con-
sidered normal for ventriculoperitoneal shunts without any
valve pumping or patient repositioning.

The threshold for performing shuntograms can also be
lowered. For example, constipation, if present, could be
treated first. In the event of incidental fractured shunts in
asymptomatic patents, shuntograms are useful for shunt-
dependency assessment. If peritoneal spillage occurs then
the shunt should be revised. If not, the child may be con-
sidered shunt independent; however, that patient should
continue to be followed up and not lost to follow-up. It has
been observed that such patients may present a few months
or years later with symptoms of increased intracranial pres-
sure and require surgery.
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Conclusion

practice, primarily in reducing the frequency of performing

this procedure.

The necessity to perform shuntograms should be carefully
evaluated in each institution. At CHEO, the discovery of a  Acknowledgements

high false-negative rate of 25% will result in a change of Walker, technical supervisor of the Nuclear Medicine Unit at CHEO,
for all of his expertise and support.
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