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Clinical value of radionuclide shuntography
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Abstract
To determine the clinical value of radionuclide shuntography in the evaluation of adult hydrocephalic patients with suspected
ventriculoperitoneal (V-P) shunt malfunction. All adult patients who underwent Tc-99m diethylenetriamine pentaacetic acid
shuntographic scans at Far Eastern Memorial Hospital between August 2005 and December 2015 were included. Shuntographic
results were visually evaluated in a simple qualitative manner: prompt flow that reached the peritoneum on 30-minute early images
and diffuse peritoneal tracer distribution on 2-hour delayed images were interpreted as nonobstructive shunt flow. Partial dysfunction
was diagnosed as scintigraphic findings between no obstruction and complete obstruction (where complete malfunction indicated
no peritoneal distribution on delayed images). The results were correlated with the clinical outcomes and surgical results within 30
days. Diagnostic sensitivity (Se), specificity (Sp), positive predictive value (PPV), negative predictive value (NPV), and overall accuracy
were also calculated. A total of 93 scans in 69 patients with suspected V-P shunt malfunction were analyzed. Sixty-two scans were
interpreted as abnormal, including complete (n=26, 41.9) distal obstruction, partial (n=35, 56.5) distal dysfunction, and
miscellaneous (n=1, 1.6, cerebrospinal fluid leak). The Se and Sp were 83.0% and 55.0%, respectively, and PPV, NPV, and
accuracy were all 71.0%. Twenty-five patients (28 scans) underwent surgical revision, and the results were highly concordant with the
imaging findings (Se, 92.0%; Sp, 100.0%; PPV, 100.0%; NPV, 60.0%; and accuracy, 92.9%). Radionuclide shuntography provides
useful information in adult patients with V-P shunt malfunction and could be used to guide further surgical intervention.

Abbreviations: AUC = areas under the curve, CSF = cerebrospinal fluid, NPV = negative predictive value, PPV = positive
predictive value, ROC = receiver operating characteristic, Se = sensitivity, Sp = specificity, V-P = ventriculoperitoneal.
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1. Introduction

Hydrocephalus predominantly affects infants and the elderly and
produces significant public health burden. Cerebrospinal fluid
(CSF) shunt is the mainstay of management for hydrocephalus.
Etiologies such as idiopathic normal pressure hydrocephalus
are potentially reversible and could greatly benefit from CSF
shunting.[1–6] Usually there are 3 segments in shunts: proximal/
ventricular catheter, shunt valve, and distal catheter.[7,8] Among
the different types of shunts, ventriculoperitoneal (V-P) shunts
are most commonly performed.[8,9]

More than 30% of hydrocephalic patients would develop CSF
shunt obstruction within the first year of shunt insertion.[8,10]

Only half of new shunts could survive the second year, and
even less than 1/3 are functional by the 10th year without
revision.[8,11] When shunt malfunction is suspected, clinical
symptoms and increased CSF opening pressure might serve as
clues. Anatomical imaging studies, including computed tomog-
raphy and magnetic resonance image, could detect dilated
ventricles; although ventricular dilatation is characteristic, it is
not a specific sign. If the above information is equivocal, the
functional radionuclide shuntography may be of help.[12–15]

Radionuclide shuntography was first described in 1966 by Di
Chiro and Grove.[16] It is a simple, effective, and low-radiation-
dose functional method to assess shunt patency in hydrocephalic
patients.[3,17] However, related literature is scarce and involves
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studies with primarily small sample sizes. There is a lack of
guidelines regarding this procedure or consensus on image
interpretation,[12,18] which considerably limits its clinical appli-
cations. Furthermore, the etiologies of hydrocephalus are quite
different between pediatric and adult population, and the
majorities of previous studies included subjects younger than
18 year-old and in relatively small sample size.
This study aimed to analyze the radionuclide shuntography by

a simple qualitative method in a relatively large adult population
and to evaluate its clinical value for decision making in patients
with suspected V-P shunt malfunction.
2. Materials and methods

2.1. Study population

The study was approved by the institutional review board of Far
Eastern Memorial Hospital. Each patient’s written informed
consent was waived due to the retrospective nature of the study.
Between August 2005 and December 2015, all hydrocephalic

patients who underwent radionuclide shuntography for sus-
pected V-P shunt malfunction at our hospital were retrospectively
enrolled in the study. Those patients younger than 18 years of age
at the time of examination were excluded. Basic information was
collected from medical records, including age, gender, clinical
symptoms, and follow-up course. Each patient was followed up
for at least 30 days after the index radionuclide shuntography.
Clinical shunt malfunction was determined based on the

clinical judgment of the physician and the indication for surgery
or shunt pressure adjustment. Cardinal events including surgical
intervention, shunt pressure adjustment, and other major
conditions such as hospitalization or death due to shunt infection,
worsening of neurologic symptoms, and/or hydrocephalus were
recorded. Surgical findings regarding the condition of the distal
catheter, as documented in operative reports, were sorted into 3
groups: complete obstruction, partial dysfunction (e.g., some
clots or adhesion, or catheter kinking), and no significant
obstruction, and/or merely pressure-related problem.
2.2. Radionuclide shuntography scanning procedure

All patients were placed in the supine position, andmarked on the
left side of the axilla and iliac crest with a syringe containing trace
thallium-201 for localization. After careful aseptic preparation of
the scalp over the shunt reservoir, a 25-ga butterfly needle was
inserted and approximately 1mL of CSFwas aspirated to confirm
the injection site. Tc-99m diethylenetriamine pentaacetic acid,
1.5 to 3mCi (60–100MBq), in 0.3 to 0.5mL sterile water was
intrathecally injected via another syringe connected by 3-way
connector, followed by slow flush with 0.5 to 0.7mL of CSF to
ensure isovolume and proper introduction.
A low-energy general-purpose collimator (with 15% window

centered at 140keV) was used. The gamma camera moved along
the tracer distribution on the initial 30-minute dynamic images;
images were collected as 4-second frames for the first minute, and
1-minute frames for the second to the 30th minute. Static whole-
body images were obtained as early (30 minutes) and delayed
(60 and 120 minutes) images. If tracer was not visualized in
peritoneum after 2 hours, the reservoir was depressed twice with
fingerprint pressure to accelerate the flow rate. On the other
hand, if diffuse peritoneal distribution of tracer was seen before
2-hour images, early termination of the examination was
implemented.
2

2.3. Imaging interpretation

All images were recorded digitally. Imaging interpretation was
performed visually and qualitatively by 2 experienced nuclear
medicine physicians, who were unaware of the clinical informa-
tion and who arrived at a consensus decision regarding the
interpretation of the imaging.
The function of the proximal catheter could be assessed by the

presence of ventricular reflux on 30-minute early images, whereas
no ventricular reflux does not indicate obstruction necessarily.[12]

Most V-P shunt malfunctions in adults occur due to obstruction
of the peritoneal catheter,[3] thus the present study focused on the
distal catheter patency. Two following criteria were used to
classify the functionality of the distal catheter: prompt flow
toward the peritoneum within 30 minutes, and/or diffuse
peritoneal tracer distribution being evident within 2 hours. A
distal catheter with “normal function” was defined if radiotracer
could be visualized in the peritoneum within 30 minutes,
conjointly with diffuse distribution by the end of 2-hour delayed
images. A “complete malfunction” of distal catheter was
designated if no tracer uptake was seen in peritoneum on 2-
hour delayed images. A “partial dysfunction” of distal catheter
was considered as delayed radiotracer flow and/or incomplete
peritoneal tracer distribution at 2 hours; findings between
“normal function” and “complete malfunction”.
The representative images of a “normal” radionuclide shunto-

gram are shown in Fig. 1, with prompt flow reaching the
peritoneum and ventricular reflux on the early images, and
diffuse peritoneal distribution and tracer clearance within the
shunt on delayed images.

2.4. Statistical analysis

Numerical variables were expressed as mean± standard devia-
tion, and categorical variables were expressed as percentages.
Differences between numeric variables were compared using the
Student t test; and differences between categorical variables were
compared using Pearson chi-square test or Fisher exact test, as
appropriate. With the clinical outcome and surgical findings as
the standard, the diagnostic values of radionuclide shuntography
were expressed as sensitivity (Se), specificity (Sp), positive
predictive value (PPV), negative predictive value (NPV), and
overall accuracy. Receiver operating characteristic (ROC) curves
were generated, and the areas under the curve (AUC) were
calculated. Data were analyzed using SPSS 17.0 software (IBM
Corp., Armonk, NY). The P values were 2-sided, with a P value
<.05 considered statistically significant.
3. Results

The flow diagram of patient enrollment and analyses is shown in
Fig. 2. The remaining 93 studies from 69 subjects represented the
study population. Mean age at the time of study was 66.2±14.9
years (median, 68 years; range, 21–102 years). Male gender
accounted for 50.7% (n=35) of the population. A total of
16 patients (23.3%) had received more than 1 scan (twice in
12 patients, 3 times in 2 patients, 4 times in 1 patient, and 6 times
in 1 patient) during the study period.
Surgical intervention was performed after 28 index shunto-

graphic studies in 25 patients (11 men; mean age, 59.7±11.0
years; median age, 60 years; range, 32–78 years; 3 patients had 2
shunt studies). The surgical groups were younger than the whole
study population (P= .048). The mean interval between
shuntography and operation was 5.1±5.4 days (median, 4 days;



Figure 1. Representative images of normal shuntography. The dynamic (4-second frame in the first minute, and 1-minute frame in the second to 30th minutes) and
whole-body static early images showed prompt flow reaching peritoneum and ventricular reflux; the 1-hour delayed image showed diffuse abdominal distribution
and tracer clearance within shunt.
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range, 0–23 days). The clinical characteristics were summarized
in Table 1. All subjects were followed for at least 30 days without
any complications or discomfort.
Of the 93 included studies, 31 (33.3%) scans were classified as

patent. The remaining 62 (66.7%) abnormal studies comprised
26 (28.0%) “complete malfunction” scans, 35 (37.6%) “partial
dysfunction” scans, and only 1 miscellaneous finding (1.1%)
suggestive of CSF leak.
Clinical malfunction was defined after 53 index shuntography,

including the need for surgery (n=32), and CSF shunt pressure
adjustment (n=21). Surgical findings regarding the distal
catheters (n=28) were categorized as: complete obstruction
(n=22), partial dysfuction (n=3), and no significant obstruction
(n=3). The relationships of the radionuclide shuntography
findings to clinical outcome or surgical findings are listed in
Table 2.
Using the clinical outcomes as the diagnostic reference, the Se

and Sp were 83.0% and 55.0%, respectively; and PPV, NPV, and
accuracy were all 71.0%. The interpretation between shunto-
graphic results and surgical findings were highly concordant
(Se=92.0%, Sp/PPV=100.0%, NPV=60.0%, overall accuracy
=92.9%, P= .003) (Table 3). The AUC of the ROC analyses,
based on clinical outcomes and surgical findings, were 0.69 (95%
3

confidence interval [CI] 0.60–0.78) and 0.96 (95%CI 0.90–1.02)
respectively, as shown in Fig. 3.

4. Discussion

Shunt obstruction is not uncommon in patients who receive CSF
shunt insertion, and the incidence increases with time.[19,20] The
diagnosis of shunt malfunction is challenging. The absence of
subsequent meningitis, infection of the injection site, shunt
malfunction or worsening of clinical symptoms following tracer
injection could confirmed the safety of radionuclide shuntog-
raphy. The high concordance of shuntographic interpretation
and surgical findings suggests that this simple qualitative method
provides clinically useful information of shunt patency and could
be used to guide surgical intervention.
CSF shuntography is not familiar to many physicians possibly

due to limited access to nuclear medicine facilities and lack of
recommended approach. Most clinical studies involve small
sample sizes and subjects younger than 18 years.[10,13–15,18] The
etiology of hydrocephalus, prevalence, and underlying reasons for
shunt complications differ between children and adults.[20–23] Our
study evaluated V-P shunt function in an adult population, and
30.1% (28/93) of patients also underwent surgical intervention.
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Figure 2. Flow algorithm of patient enrollment and analyses.
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Although most studies have shown that shuntography plays a
crucial role in the clinical decision,[3,13–15,18] Thompson et al[10]

argued against its validity. They defined a “normal shuntogram”

with a 2-variable qualitative method based on ventricular tracer
4

entry and distal tracer drainage (ventricular reflux/time to distal
site, as follows: not specified/�45 minutes, not specified/
�15 minutes, positive/�45 minutes, and positive/�5 minutes).
Using this method they found that all scans were nondiagnostic



Table 3

Diagnostic value of radionuclide shuntography based on clinical
outcome or surgical findings.

Clinical outcome
(95% CI)

Surgical findings
(95% CI)

n 93 28
Sensitivity 83.0% (77.8–90.8) 92.0% (75.0–97.8)
Specificity 55.0% (39.8–69.3) 100.0% (43.9–100.0)
Positive predictive value 71.0% (58.1–81.8) 100.0% (85.7–100.0)
Negative predictive value 71.0% (52.0–85.8) 60.0% (23.1–88.2)
Overall accuracy 71.0% (61.1–79.2) 92.9% (77.4–98.0)
AUC of ROC curve 0.69 (0.60–0.78) 0.96 (0.90–1.02)

95% CI = 95% confidence interval, AUC = areas under the curve, ROC = receiver operating
characteristic.

Table 1

Clinical characteristics of all subjects and subjects who underwent surgical intervention.

Clinical variables All study subjects (n=69) Surgical group (n=25)

Age, y 66.2±14.9
∗

59.7±11.0
∗

Male 63.9±15.5 58.1±13.4
Female 68.9±14.0 60.9±9.0

Male gender, % 35 (50.7) 11 (44.0)
Received more than 1 shuntography, % 16 (23.2) 3 (12.0)
Twice 12 3
3 times 2 0
4 times 1 0
6 times 1 0

Interval between shuntography and surgery, d – 5.1±5.4 (95% CI 2.9–7.3)

Mean±SD or n (%). 95% CI=95% confidence interval.
∗
P= .048 between “all subject group” and “surgical group.”

Table 2

Correlations between radionuclide shuntography and clinical
outcome or surgical findings.

Radionuclide shuntography

Normal Abnormal P

Clinical outcome (n=93) <.001
Function 22 (23.7%) 18 (19.4%)
Malfunction 9 (9.7%) 44 (47.3%)

Surgical findings (n=28) .003
No obstruction 3 (10.7%) 0 (0.0%)
Obstruction/dysfunction 2 (7.1%) 23 (82.1%)

P< .001 by Pearson Chi square test, and .003 by Fisher exact test.

Figure 3. The area under the receiver operating characteristic curve based on
the surgical results was significantly higher than clinical outcome, 0.96 (red line,
n=28) and 0.69 (blue line, n=93), respectively (P< .001).

Tsai et al. Medicine (2017) 96:17 www.md-journal.com
when correlated with intraoperative findings in a 74-patient
series with a median age of 19 years. They also emphasized that if
tracer enters the ventricle (NPV>90%) and could be used to
exclude obstruction; yet no ventricular uptake does not
necessarily indicate obstruction.[12,18]

The abovementioned first definition of normal shuntogram
was similar to ours, except that we set the threshold at 30
minutes. Although NPV was lower, the Se, Sp, and PPV were
higher in our series. This discrepancy in results could be partly
explained by different study populations (median age 19 years vs
60 years) and different diagnostic thresholds.
Gok et al[18] and Kharkar et al[3] series are the only existing

studies specifically focused on the adult population; the prior
5

elaborated the application of ventriculoatrial shunt, while the
latter evaluated V-P shunt function. Kharkar et al[3] assessed the
effectiveness of different “single-variable” shuntography meth-
ods in patients with normal pressure hydrocephalus who
underwent surgery. The results showed that “T1/2≥8.7 minutes”
had a diagnostic accuracy of 87% in 32 patients, and “diffuse
peritoneal distribution” was correctly identified in 35 patients
(71%). Quantitative methods encompass more complicated
skills, but our simple method had an even higher overall
diagnostic accuracy in the postoperative group (n=28, 92.9%).
4.1. Limitations

Our study had several limitations including its retrospective
nature. Certain clinical information is not complete in all the
included subjects, including etiology of hydrocephalus, valve
type, valve settings, onset and duration of symptoms, neurologic
status at the examination, and duration between V-P shunt and
shuntography.

http://www.md-journal.com
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This was an observational study, and subsequent treatment
strategies were decided by the in-charge neurosurgeons. Most
patients received long-term follow-up at our institute, and
the majority (84.9%) were cared for by the same physician
(Dr Yang). Repeated shuntography, pressure adjustment, and
surgical intervention were performed if the neurologic condition
deteriorated, even in the setting of a normal shuntogram.
In summary, our study confirmed that radionuclide shunto-

graphy was useful in adult patients suspected V-P shunt
malfunction and could be used to guide surgical intervention.
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