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Abstract

Background: Radionuclide shuntography is a safe, simple and non-invasive functional imaging technique for
determining ventriculo-peritoneal (V-P) shunts tube patency with minimal radiation exposure. This is particularly
useful in children with hydrocephalus in whom V-P shunt is inserted to divert CSF drainage.

V-P shunts are, in many cases, permanent treatment option for children with hydrocephalus and radionuclide
shuntography is becoming a very popular technique because of the increasing numbers and survival of children with
shunt-treated hydrocephalus.

Objective: The aim of this study is to document the usefulness of shuntography in the evaluation of V-P shunt in
patients with hydrocephalus.

Materials and Methods: All shuntograms performed in our institution from 2008 to 2015 were included in this
study. Radionuclide shuntography was performed with Tc-99m DPTA injected into the shunt reservoir and images
acquired using a dual headed MEDISO camera. A normal shuntogram is considered as free flow of radiotracer
(Tc-99m DTPA) from site of injection to the distal end of shunt tube and spillage into the peritoneum.

Results: A total of 56 children were studied comprising of 32 males and 24 females with age ranges of 5month to
11years. Different patterns of results were found, normal functioning shunt tube, partial block shunt tube due to
infection or inflammatory debris and total blocked shunt tube due to mechanical defects.

Conclusion: About 52% of our patients had partial blockage of their shunt tube. Patients who are diagnosed with
a partial tube blockage will require only flushing of the tube and antibiotics treatment, while mechanically blocked
tube will require shunt revision. This distinction is critical considering the cost of replacement of V-P shunt tube and
the manpower time for surgery. There was no mortality or morbidity associated with radionuclide shuntography in
our patients.
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shunt tube subcutaneously overlying the mastoid bone and the distal catheter
tunneled to drain into, any body cavity capable of fluid reabsorption
Introduction such as the peritoneum, pleura, atrium or gall bladder [8,9]. Most

Hydrocephalus is a disease that is cause by disturbance of
cerebrospinal fluid (CSF) production, flow or absorption, leading to
accumulation of CSF in the cerebral ventricles. The clinical
manifestation of hydrocephalus depends on the patients age, type of
hydrocephalus and duration of obstruction. However, the clinical
manifestations in infants include progressive enlargement of the head
with cranio-fascial disproportion, irritability, headaches, vomiting and
spasticity [1,2]. Surgical shunt insertion is the mainstay of
management of patients with hydrocephalus [3].

Shunts are most often permanent treatment option for patients with
hydrocephalus [3-5]. Shunt tubes consist of a proximal catheter,
reservoir with a valve system, and distal catheter [6,7]. The proximal

neurosurgeons prefer ventriculo-peritoneal shunts (V-P shunt) because
of less complications and easy access to the peritoneum [10]. The
incidence of V-P shunt malfunction in the first lyear ranges from 25%
to 40% and 63% to 70% at 10 years [11]. Malfunction rates with
ventriculo-atrial and ventriculo-pleural shunts are slightly higher [12].
V-P shunt malfunction may be due to a partial (infection /
inflammatory debris) or a total (mechanical) or obstruction. Partial
obstruction occurs usually within 6month post V-P shunt insertion
and mainly due to infection with Staphylococcus aureus and
Staphylococcus epidermidis [13]. The intracranial catheter may also be
seeded in the setting of bacterial meningitis [13,14]. The incidence of
infection of ventriculoperitoneal shunts was approximately 8% to 10%
in large trials [15]. Mechanical failure of the valvular system within the
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reservoir or kinking of the tube causes total obstruction. This usually
occurs 2 years post tube insertion [16,17].

The assessment of shunt function is critical to the care of patient
with hydrocephalus in whom shunt tube has been inserted. The
diagnosis of shunt malfunction may be challenging, the clinical
presentation of a malfunctioning shunt is often nonspecific, especially
in young children. The initial evaluation of shunt tube malfunction
may be done with radiological modalities such as X-rays, ultrasound
scan or CT/MRI. However, these modalities are not specific and often
equivocal in cases of shunt malfunction [18,19]. Numerous procedures
have been proposed to evaluate shunt function. Such as, response to
digital compression of the flushing device [20], injection of contrast
media [21,22] and radionuclide directly into the shunt device [23,24]
into the lateral ventricle [25,26] or indirectly into the lumbar
subarachnoid space [26,27] ultrasound flowmetres [28] and
thermosensitive procedures [27], These modalities are invasive and
carry a significant risk to the patient. Radionuclide shuntograpy has
proven to be safe, simple and no-invasive functional imaging
technique that can be used to evaluate shunt function. Radionuclide
shuntography involves the injection of a small dose of radionuclide
into the reservoir shunt tube and image acquisition using a gamma
camera.

Materials and Methods

All shuntograms performed in our department between 2008 and
2016 were included in this study. We included all children diagnosed
with hydrocephalus in which a V-P shunt was inserted to divert CSF;
they were aged between 5 month to 11 years. Patient’s cooperation is
highly required for the success of this technique. Our patients were
made comfortable. The patients were placed in the supine position
with the head turned away from the shunt site. The skin over the
reservoir is cleaned with methylated spirit. An insulin syringe
containing 1 ml of Tc-99mDTPA (equivalent to 37 MBq) is injected
into the reservoir portion at an acute angle. Dynamic images were
acquired for 20 mins using a dual headed MEDISO camera. The
patients were kept in the same position; the time of peritoneal spillage
is recorded. If there was no peritoneal spill noted at 20 min, static
images were acquired at 1 h, 3hand 6 h.

ANT_H1[1] POST _H2[1]

Figure 1: Normal functioning V-P shunt tube, the entire is
visualized and there is free spillage of radioactivity into the
peritoneal cavity.

A normal shuntogram is considered as free flow of radiotracer from
site of injection to the distal end of shunt tube with evidence of spillage
into the peritoneal cavity within 20 min (Figure 1).

Figure 2: Showing a partial blocked V-P shunt, radioactivity is seen
outlining the entire tube, but no spillage.

In a partially blocked tube, the entire tube is visualized down to the
tip, but there will be delayed spillage up to about 6 h (Figure 2), while a
total blocked tube will show abrupt termination of tube activity at site
of blockage usually at the proximal part of the tube and no evidence of
spillage into the peritoneal cavity after 6 h of imaging (Figure 3).

ANT_H1[1]

Figure 3: Showing a total block V-P tube (mechanical) due to
malfunction of the reservoir system. Radiotracer is not seen beyond
the reservoir.

After care following radionuclide shuntography is critical in order to
avoid complications such as puncture of reservoir, extravasations of
radioactivity, bleeding, infection and CSF pseudocyst [29].

All our patients were observed in the department for 3 h to 6 h and
followed up.
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Results

A total of 56 children were studied (32 males and 24 females) with
age ranges between 5 months to 11 years. Different patterns of results
were observed: normal functioning shunt tube; total blocked shunt
tube due to mechanical defects; partial blocked shunt tube due to
infection or inflammatory debris and overflow of CSE We did not
record any mortality or morbidity in our patients. Table 1 shows results
of our findings.

Findings Number of cases
Normal functioning 18 (32%)

Partial Obstruction 29 (52%)

Total Obstruction 7 (13%)
Inconclusive/suboptimal study 2 (3%)

Total 56

Table 1: Findings of radionuclide shuntography.

Discussions

Ventriculo-peritoneal shunts tube insertion is usually a permanent
treatment option for children with hydrocephalus [3-5]. There is an
increase in number of V-P shunts insertion worldwide this is because
of the increasing survival of children with shunt-treated hydrocephalus
[4,5]. Radionuclide shuntography is becoming a very popular imaging
technique in evaluating V-P shunt tube function, this is because, it is
safe, non-invasive, cost- effective and with minimal radiation burden
[5,6].

The evaluation of the function of a V-P shunt tube may be
challenging especially in young children, this is because the signs and
symptoms of shunt malfunction are nonspecific and overlap with
symptoms of other illnesses especially acute viral disease [11,12].
Radiological tools such as X-ray, ultrasound scan and CT could be
used as an initial tool to evaluate shunt function, however, these
modalities have low specificity for diagnosis [28-30].

Radionuclide shuntography offers an alternative, cheap, non-
invasive and simple functional diagnostic modality for the evaluation
of shunt function.

A total of 56 children were studied this include of 32 males and 24
females with age ranges between 5 months to 11 years. Different
patterns of results were found, normal functioning shunt, total blocked
tube due to mechanical defects, partial block tube due to infection or
inflammatory debris and overflow of CSE There were normal
functioning shunt tubes in 32% of our patient population. A total of 29
(52%) demonstrated partial obstruction of the distal end of their tubes;
these patients subsequently had flushing of the tubes and antibiotics
therapy. When compared with previous studies, [2,17]. Our percentage
for partial obstruction due to infection is higher; this is because the
incidence of infection is higher in the tropics due to poor standard of
leaving, poverty and ignorance.

Total obstruction of shunt tube due to mechanical failure and
kinking of tube was found in 7 (13%) of our patients. In these patients,
removal and replacement of the V-P shunt tube was carried out by the
neurosurgeons. In our study group, there were 2 (3%) patients in

whom the study was declared inclusive. On these occasions, the
children were uncorporative and radiotracer was mis-injected.

There is no existing protocol for radionuclide shuntography.
However, we recommend that critical attention to details, observation
of strict aseptic technique and close collaboration between the Nuclear
medicine physician, Pediatricians and Neurosurgeons would improve
the diagnostic accuracy and minimize complication of radionuclide
shuntography.

Limitations and Recommendations

The limitations of our study include a small number of patients and
the fact that we did not select our patients according to signs or
symptoms of tube malfunction, instead, we included all patient who
were referred to us to for assessment of shunt tube patency and
function. We recommend further study with a larger number of
patients, and also selecting and subdividing patients according to their
signs and symptoms of tube malfunction.

Conclusion

Radionuclide shuntography is increasingly becoming a popular
imaging tool amongst neurosurgeons and pediatricians in evaluating
V-P shunt tube in patient with hydrocephalus because it is safe, non-
invasive, cost- effective and with minimal radiation burden. About
52% of our patients with suspected V-P shunt tube malfunction had
partial tubal blockage. Patients who are diagnosed with a partial tube
blockage will require only flushing of the tube and antibiotics
treatment, while mechanically block tube will require replacement.
This distinction is critical considering the cost of replacement of tube
and manpower time for surgery. There was no mortality or morbidity
associated with radionuclide shuntography in our patients.
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