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ORIGINAL PAPER

A critical analysis of ‘normal’ radionucleotide
shuntograms in patients subsequently

requiring surgery

Abstract Background: Shuntograms
are performed when patients present
with symptoms suggestive of, but
inconclusive for, shunt malfunction,
without confirmatory radiological
evidence. Methods: Shuntograms
over the past 3.5 years were re-
viewed. Patient records were re-
viewed for revision in proximity

to a negative (normal) study.
Results: One hundred and fifteen out
of 149 tests were negative. Thirty-
four surgeries (in 31 patients)
occurred subsequent to a negative
shuntogram. In 18 out of 34 revi-
sions the shunt was functional:

13 surgeries were for overdrainage,
4 were for unrelated reasons with
shunt function confirmed inciden-

Introduction

tally and 1 was an exploration for
cognitive deterioration. In 16 cases
(13 patients) the shunt was not func-
tional: 12 had proximal catheter oc-
clusion in which, on subsequent re-
view, there was no ventricular reflux
present and the remaining had distal
malfunctions. Conclusions: The false
negative rate for shuntograms was
16 out of 115 (14%) with proximal
occlusion most common. This esti-
mate of the predictive value of a
normal flow study may influence the
decision to revise a shunt.
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With radiological evidence of ventriculomegaly and/or

Cerebrospinal fluid (CSF) diversion through ventriculo-
peritoneal, and less commonly ventriculoatrial shunts,
plays an integral role in the management of pediatric hy-
drocephalus. A significant proportion of most modern
pediatric neurosurgical practices consist of CSF shunting
procedures [12]. Shunt failure remains inevitable during
a patient’s life, with 81% requiring revision at 12 years
of follow-up [15]. In the early months (0-5) following
shunt insertion certain clinical features have high predic-
tive values for shunt failure regardless of the radiological
findings. These include nausea/vomiting, irritability,
bulging fontanel, and decreased level of consciousness
[7]. Decreased level of consciousness and loss of devel-
opmental milestones alone are strongly predictive of
shunt malfunction in those who are 9 months to 2 years
post shunt insertion [7].

shunt disconnection shunt malfunction is an easy diagno-
sis in the presence of symptoms and signs of raised intra-
cranial pressure. However, a considerable proportion of
patients presenting to emergency rooms with new onset
headache and suspected shunt malfunction will have
equivocal radiological findings. It has been estimated that
approximately one third of patients presenting with shunt
failure will not have corroborative head computer axial
tomogram (CT) imaging [9, 20]. Some workers consider
baseline CT scans to be of little value when patients pres-
ent with symptoms of shunt malfunction [4].

The initial identification and subsequent differentia-
tion of the slit ventricle syndrome (SVS) with high intra-
cranial pressure (ICP) due to shunt obstruction from the
syndrome of overdrainage and low ICP (LICPS) can be
difficult both clinically and radiologically. ICP monitor-
ing can help in this process [3, 14].
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The injection of radionucleotide into the reservoir of
a shunt (“shuntogram”) has been recommended as an in-
vestigation of the patency of both the proximal and dis-
tal shunt catheters and the integrity of the valve mecha-
nism assuming that the reservoir lies proximal to the
shunt valve [1, 2, 19]. In our institution shuntograms are
performed when patients present with symptoms sug-
gestive of, but inconclusive for, shunt malfunction,
without CT or shunt series evidence of malfunction. We
set out to audit our experience with shuntograms in pa-
tients subsequently requiring surgery and to determine
our own experience with it and its predictive value for
normal shunt function. We used the endpoint of persis-
tent clinical symptoms that led to surgical identification
of shunt failure to determine the predictive value of the
test.

Materials and methods

All shuntograms performed in St. Louis Children’s Hospital were
reviewed over a 3.5-year period between 1997 and 2001. Shunto-
grams performed on ventriculoperitoneal shunts, ventriculoatrial
shunts and cystoperitoneal shunts were included. Virtually all pa-
tients had a PS Medical valve present with the reservoir integral to
the valve housing. The procedure involved a member of the neuro-
surgical staff injecting an average of 0.5 ml of 99mTc-diethylenetri-
aminepentaacetic acid into the shunt reservoir proximal to the
valve. Distal occlusion was variably performed due to a combina-
tion of patient factors and difficulty with palpation of the distal oc-
cluder site. Reflux to the ventricle and flow to the peritoneal cavi-
ty was monitored and determined if present. A ‘negative’ study re-
ferred to a functioning shunt determined by flow to the peritoneal
cavity within 15 min and reflux into the ventricle. The nuclear
medicine staff generally commented on whether gravity aided the
flow of the tracer if progression was slow and the time it took for
radionucleotide to first enter the peritoneal cavity.

The case notes and shuntograms of patients who had ‘negative
shuntograms’ and who subsequently required surgery were re-
viewed. The following data were collected from the case notes:
sex of patient and age at time of surgery, symptoms and signs pri-
or to surgery, presence of arachnoid cyst or hydrocephalus requir-
ing shunt placement, duration between shuntogram and operation,
the time in minutes for radionucleotide to enter the abdomen, and
intra-operative findings/surgical management. The shuntograms
were reviewed for visibility of ventricular reflux and progression
of radionucleotide along the peritoneal catheter to the abdomen.

Results

In total 333 shunt revisions were performed in this unit
during this 3.5-year time period. One hundred and forty-
nine shuntograms were performed; 34 were reported
positive and 115 negative. Despite a negative (normal)
study 34 surgeries were performed on 31 patients within
1-14 days of such a shuntogram. There were 22 boys
and 9 girls in this group, with a mean age of 9.2 years.
Twenty-seven had ventriculoperitoneal shunts, 1 had a
ventriculoatrial shunt, and 3 had cystoperitoneal shunts.
All patients had pre-shuntogram CT scans that were un-
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Fig. 1 Shuntogram with 1 frame/min in patient with proximal
catheter occlusion showing absence of ventricular reflux and flow
to peritoneal cavity by 11 min

changed from before with decompressed ventricles or in-
tracranial cysts.

All patients more than 3 years of age presented with
recurrent headaches and occasional vomiting. Those less
than 3 presented with irritability and lethargy.

Patients were divided into four groups based on surgi-
cal findings: those found at surgery to have a proximal
catheter occlusion, those found to have a functioning
shunt and whose valve was changed to either a program-
mable one or to one of a higher resistance (LICPS),
those with a distal catheter malfunction, and ‘other’
groups.

Twelve cases had proximal catheter occlusion. All of
these cases showed no evidence of ventricular reflux
when the shuntograms were reviewed (Fig. 1, Table 1).
In only one of these cases was the absence of ventricular
reflux commented upon, yet the shunt systems were de-
clared patent in all cases. The mean shuntogram transit
time in these cases was 8.6 min.

There were 13 LICPS cases in which the shuntogram
revealed brisk flow to the peritoneal cavity with a
4.5-min mean transit time (Fig. 2). Sitting up aided pro-
gression of radionucleotide in all cases. Ventricular re-
flux was present when reviewed in 7 of these cases, yet
it was remarked upon only once.

Four cases were of distal catheter malfunction. The
mean transit time in these 4 cases was 12 min. Sitting up
also aided the flow of radionucleotide but not quite to the
same extent as in the overdrainage cases (Fig. 3, Table 1).
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Fig. 2 Shuntogram on patient
with cystoperitoneal shunt and
low intracranial pressure syn-
drome showing reflux of radio-
nucleotide into cyst and flow to
peritoneal cavity by 4 min

Fig. 3 Shuntogram on patient
with distal catheter malfunction
showing injection into reser-
voir, absence of ventricular re-
flux, slow progression over

8 min whilst supine, a delay in
filming whilst the patient mobi-
lizes and flow along peritoneal
catheter and entry into perito-
neal cavity by 15 min

Table 1 The presence of ven-
tricular reflux and shuntogram
transit times in different surgi-
cal groups

443 18

443
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Neurosurgical management

Ventricular reflux
present on review

Mean shuntogram
transit time (min)

Proximal catheter revision (n=12)
Overdrainage cases (n=13)

Distal malfunction (n=4)

Other (n=5)

0
7
3
3

8.6

4.5
12.5
10
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Table 2 The time from shuntography to surgery in different surgi-
cal groups

Neurosurgical management Time from shuntography

to surgery (days)

Proximal catheter revision (n=12) 5
Overdrainage cases (n=13)

8.7
9.7
Distal malfunction (n=4) 5.4

Five cases were revised for ‘other’ reasons such as an
impending mastoid operation requiring re-routing of the
shunt.

The mean time from shuntography to surgery is
shown in Table 2. This shows almost similar values for
the overdrainage cases and the proximal occlusion cases:
10 and 9 days respectively.

All cases improved following revision. Although
there is a theoretical risk of infection when shuntography
is carried out, there were no such complications in our
series. The valve was not aspirated and no rapid deterio-
ration occurred following shuntogram.

Discussion

Difficulties are universally experienced assessing the
patency of a shunt in a child with headaches presenting
to the emergency room [19]. It can be difficult to dis-
tinguish a viral illness or migraine from shunt malfunc-
tion. As simple palpation of the shunt flushing device is
not accurate investigations are needed to establish a di-
agnosis [13]. Some workers emphasize the role of CT
imaging [10], while others, in the presence of normal
imaging, favor the measurement of the pressure in a
separate reservoir [17]. In 1966 Di Chiro and Grove in-
jected radionucleotide into a shunt system directly for
the first time and imaged the radioactivity along its
path [5]. This method has gained in popularity ever
since [6, 8].

Some workers have emphasized the importance of
ventricular reflux as a pre-requisite feature in declaring a
shuntogram to be normal [11, 18, 19]. A false negative
rate for shuntography of 14% (3 out of 22) has been re-
ported with proximal catheter malfunction present in 2
out of 3 cases [19]. Our series differed in that there were
no cases of proximal catheter occlusion found at surgery
in which ventricular reflux was found on pre-operative
shuntography. The absence of ventricular reflux in the 12
cases of proximal catheter occlusion is understandable,
but that was largely underreported in this series. As oc-
clusion of the distal outlet of the valve can be quite diffi-
cult in young, awake children, and as it was variably per-
formed, it was not known whether the lack of ventricular
reflux was real or due to technical error. It was assumed
to be the latter.

There was an absence of ventricular reflux in 47% of
the LICPS cases. Again this was probably influenced by
the PS Medical reservoir being integral to the valve
housing. A separate reservoir proximal to the valve may
have produced greater reflux in the overdrainage cases.
An overly stringent policy on the presence of ventricular
reflux indicating normality would certainly increase the
false positive rate and could lead to unnecessary revi-
sions. Many of these cases represented partial occlusion
of a sub-optimally functioning shunt. Thus, even retro-
grade flow would not necessarily have excluded partial
proximal malfunction.

Slit ventricle syndrome has been classified into acute,
subacute and chronic forms [16]. Given that the patients
in the proximally occluded group were not that unwell,
had all had decompressed ventricles on CT scan, and
symptoms over a period of days to weeks, it is reason-
able to suggest that this proximally occluded group is a
chronic subgroup of slit ventricle syndrome.

The rapid transit time in overdrainage cases together
with rapid radionucleotide flow when the patient sits up
seem to indicate features of low intracranial pressure syn-
drome on shuntography. Shuntography can therefore differ-
entiate between SVS and LICPS by the absence of ventric-
ular reflux in SVS and the rapid transit time to the peritone-
al cavity in LICPS. An anatomically normal shuntogram,
with ventricular reflux and peritoneal flow as in the LICPS
cases, does not offer total re-assurance as to the patient’s
shunt being optimal, but it may obviate the need for ICP
monitoring to distinguish one syndrome from the other.

It is interesting to note that radionucleotide can enter
the peritoneal cavity even in the presence of a malfunc-
tioning distal system. Our experience is that distal mal-
functions may produce spontaneous passage of tracer
and relatively normal transit times. At surgery in these
cases, externalization of the distal catheter revealed sub-
optimal or non-existent CSF flow. The reason why radio-
nucleotide and CSF flow seem to differ is difficult to ex-
plain, but this would suggest that gravity aids radionu-
cleotide in overcoming a partial distal malfunction. It is
also possible that the upper limit of normal for radionu-
cleotide to reach the abdomen and the study to be de-
clared normal, i.e., 15 min, is excessive in cases of par-
tial distal malfunctions.

If all the cases in our series, which were reported as
being negative and which were found to be malfunction-
ing at surgery (12 proximally and 4 distally occluded
cases) are included, then our false negative rate is also
14%. However, if the 12 proximally occluded cases, in
which on retrospect there was no ventricular reflux on
shuntography, are excluded, the false negative rate is
lowered to 3.4%. The false positive rate was 0% as all
abnormal reported shuntograms were found to have an
improperly functioning shunt at surgery. Eighty percent
of shunt revision cases did not have a preoperative
shuntogram.
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Fig. 4 Shuntogram in a patient with hydrocephalus treated with a
ventriculoperitoneal shunt (medium pressure PS Medical valve),
showing radionucleotide in the reservoir of the shunt and reflux
into the ventricle. He developed a low intracranial pressure syn-
drome. The valve was revised to a low pressure PS Medical valve
attached distally in series to a Codman-Medos programmable
valve with resolution of symptoms

Conclusions

Despite several publications on the subject there still re-
mains a great deal of confusion amongst all involved in
radionucleotide shuntography as to what constitutes a
normal shuntogram [11, 18, 19]. We re-iterate the value
of requiring ventricular reflux to be present for a shunto-
gram to be labeled as being normal (Fig. 4). We empha-
size the role of shuntography in the diagnosis of over-
drainage cases and highlight its role in the differentiation
of LICPS from subacute and chronic forms of SVS in
which the proximal catheter is occluded. By diligent as-
sessment of ventricular reflux the false negative rate of
14% can be lowered to 3.4% at the risk of increasing the
false positive rate. This study highlights the sine qua non
of the necessity for shunt revision as being the clinical
assessment of the patient.
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