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Although new MR imaging techniques can provide high-
resolution information on CSF dynamics and are not associated
with ionizing radiation, SPECT/CT cisternography is a valuable
alternative for those with contraindications to MR imaging.
SPECT/CT cisternography combines functional and anatomic
imaging to provide accurate and detailed information on CSF
distribution to be used in conjunction with clinical findings for
the diagnosis and evaluation of NPH, as illustrated in this case
report.
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Normal-pressure hydrocephalus (NPH) is a form of
communicating hydrocephalus that affects approximately
3% of elderly patients and up to 14% of patients living in
extended-care facilities, with an incidence ranging from 2
million to 20 million per year (1,2). The classic, yet non-
specific, clinical triad includes progressive dementia,
ataxia, and urinary incontinence. Usually these findings,
together with normal cerebrospinal fluid (CSF) pressures
and radiographic evidence of ventriculomegaly, are re-
quired to make the diagnosis.

CASE REPORT

A 68-y-old man with a history of being in a motor
vehicle accident presented with gait disturbance, urinary
incontinence, and progressive cognitive decline. Ana-
tomic imaging, including CT and MR imaging, demon-
strated dilated ventricles out of proportion to sulcal
prominence. NPH was suspected, and the patient un-
derwent 111In-diethylenetriaminepentaacetic acid (DTPA)
cisternography with hybrid SPECT/CT.

Understanding the normal physiology of CSF dynamics
is imperative for image interpretation. CSF is produced and
secreted primarily by the ventricular choroid plexus and to
a lesser extent in other extraventricular sites. Approxi-
mately 400–500 mL of CSF are created per day, with a total
CSF volume of 120–150 mL, of which only about 40 mL
remains in the ventricular system (3). Under normal phys-
iologic conditions, the CSF drains from the lateral ven-
tricles through the foramen of Monro and into the third
ventricle. From there, it passes through the cerebral aque-
duct of Sylvius and into the fourth ventricle. CSF leaves the
ventricular system through the foramen of Magendie and
the 2 lateral foramina of Luschka into the subarachnoid
space surrounding the brain and spinal cord, as well as
the cisterns. Finally, it is absorbed through the pacchionian
granulations of the pia arachnoid villi into the superior
sagittal sinus. The pathophysiologic basis of NPH is an
obstruction in the subarachnoid space that prevents absorp-
tion of CSF (4,5). A variety of causes can lead to this
extraventricular CSF obstruction. Some common etiologies
include prior subarachnoid hemorrhage, chronic subdural
hematoma, leptomeningitis, and meningeal carcinomatosis
(6).

In our study, we used 18.5 MBq (0.5 mCi) of 111In-
DTPA injected intrathecally into the subarachnoid space
via lumbar puncture. 111In has a relatively long half-life
(67 h) and reasonable imaging characteristics. After the
injection, an initial image of the site usually confirms the
correct location by visualizing the cephalad migration of
radiotracer up the spinal canal (Fig. 1). No excessive
renal activity should be noted on these early images.
Planar views in multiple projections are typically ac-
quired at 2, 4, 24, and 48 h. In a study with normal
findings, the radiotracer should reach the basal cisterns
within the first hour, the Sylvian fissure by 2–6 h, the
cerebral convexities by 12 h, and the arachnoid villi in
the sagittal sinus by 24 h (7).

At 24 h, SPECT/CT axial slices through the brain and
cervical spine of our patient were obtained and recon-
structed into coronal and sagittal planes (Precedence 16-
slice CT scanner [Philips]). SPECT was performed using
medium-energy general-purpose collimators, a 128 · 128
matrix, 35 s/stop, a step-and-shoot noncircular orbit,
ordered-subsets expectation maximization with 3 iterations
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and 8 subsets, and a Butterworth filter with a 0.5 cutoff and
order of 5.0. The CT scan had the following parameters:
5-mm thickness, 120 kV, 50 mAs, 16 · 1.5 collimation,
0.813 pitch, 0.75-s rotation time, 600-mm field of view,
and matrix of 512. If planar imaging at 24 h is equivocal,
SPECT/CT images can be performed at 48 h.

The planar images at 4 h demonstrated reflux into the
lateral ventricles (Fig. 2)—a normal finding. However,
the ventricular reflux persisted at 24 h (Fig. 3). This
scintigraphic appearance has been described as a heart
configuration on the anterior view, butterfly configuration
on the posterior view, and a comma or C-shaped con-
figuration on lateral views (8). Additionally, SPECT/CT
images at 24 h confirmed localization of radiotracer ac-
tivity into the lateral ventricles demonstrating the previ-
ously mentioned characteristic appearances. No flow over
the convexities was demonstrated, as is consistent with
NPH (Fig. 4).

DISCUSSION

A variety of imaging modalities can be used to evaluate
for NPH. CT and MR imaging are usually the first steps
because they can often exclude other causes of the patients’
symptoms, but the findings from these modalities are usu-
ally nonspecific. Pertinent findings for NPH include dilata-
tion of the ventricles out of proportion to sulcal and basal
cistern prominence. MR imaging is usually superior to CT
because of higher resolution and ability to visualize other
markers of NPH, including 3 specific findings of NPH.
These include periventricular white matter lesions, which
are thought to represent a transependymal exit of CSF
(9,10); aqueduct flow void, or the CSF flow void sign,
which represents loss of signal in the aqueduct of Sylvius
from high CSF velocity (10,11); and corpus callosum thin-
ning, which may be attributed to either small areas of in-
farction or atrophy from ventricular dilatation (10). In
addition, newer MR imaging techniques such as phase con-
trast cine-MR imaging and perfusion-weighted MR imag-
ing may be used to evaluate NPH by measuring the
pulsatile velocity of CSF during cardiac systole or by eval-
uating changes in cerebral blood flow, respectively (12,13).
MR cisternography, another modern technique, uses intra-
thecal administration of gadolinium-DTPA for diagnosis of
NPH and has higher soft-tissue resolution and better CSF-
to-brain contrast than the radionuclide technique (14).
Lastly, MR spectroscopy can be used to demonstrate
markers of neuronal dysfunction in NPH, such as an in-
creased ratio of N-acetyl-aspartate to creatine in the medial
frontal cortex (15).

Radionuclide cisternography is a functional imaging tool
with documented use as early as the 1950s. This imaging
study provides information on CSF circulation. A radio-
tracer is injected into the intrathecal space, and serial
images are taken to study the flow of CSF. The study is
invasive and operator-dependent, requiring a lumbar punc-
ture and subarachnoid instillation of the radiotracer.
Historically, intrathecal or intraventricular injection of
radioiodinated (131I) human serum albumin was used for
cisternography (16). However, this radiotracer is no longer
used clinically because of reports of symptomatic aseptic
chemical meningitis (17), as well as other disadvantages of
131I, including a long half-life (8 d), b emission (associated

FIGURE 1. Planar images 30 min after injection of 111In-DTPA
confirm radiotracer activity in subarachnoid space, with
cephalad migration up spinal column.

FIGURE 2. Anterior, posterior, and lateral planar images 4 h
after injection demonstrate reflux of radiotracer into lateral
ventricles.
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with a relatively high dose to the patient), and rather poor
imaging characteristics (18). Other radiotracers, such as
99mTc-inulin and chelated 169Yb, were also used previously
but now have been replaced by 111In-DTPA because of the
optimal half-life of 111In (2.8 d), allowing for delayed im-
aging, reasonable g-photon energies, and absence of b ra-
diation. The chelating agent, DTPA, is not lipid-soluble, is
not metabolized, and is not absorbed until it reaches the
arachnoid villi (6). When injected into the subarachnoid
space, 111In-DTPA can provide physiologic information
on CSF dynamics, with minimal radiation dose to the pa-
tient and no direct adverse effects.
A variety of CSF flow patterns can be demonstrated on

radionuclide cisternography. The classic findings of NPH
include abnormal reflux of radiotracer into the ventricles
and absence of activity over the convexities on delayed
images (3,6,19). Five types of CSF movement patterns have
been described on cisternograms (Fig. 5) (6). Type I, which

can be either normal or seen in a noncommunicating hy-
drocephalus, shows radiotracer movement over the convex-
ities at 24 h. In type II, there is delayed migration over the
convexities, but no ventricular reflux is noted. This pattern
can been seen in cerebral atrophy or in advanced age. The
type IIIA pattern demonstrates transient ventricular reflux,
with radiotracer activity over the convexities. This pattern
is considered to be indeterminate, because it can be seen in
either evolving or resolving communicating hydrocephalus.
If there is no migration of radiotracer over the convexities
at 24 h with transient ventricular activity, the pattern is type
IIIB. However, if the ventricular activity persists at 24 h, the
pattern is type IV. The last two patterns can support a clin-
ical diagnosis of NPH, and patients with these patterns were
once thought to benefit the most after CSF shunting, with
a sensitivity of 88% in predicting a good response (20–22).
Conversely, more recent studies have indicated that radio-
nuclide cisternography is an unreliable predictor, showing

FIGURE 4. SPECT/CT images at 24 h
using Smart color map (Philips) in axial (A),
sagittal (B), and coronal (C) reconstructions
demonstrate reflux into lateral ventricles in
butterfly, comma, and heart configurations,
respectively. Additionally, coronal images
demonstrate radiotracer activity localized
to Sylvian fissures.

FIGURE 3. Planar images 24 h after
injection show persistent reflux into
ventricles, with no flow over convexities.
Shown clockwise from top left are axial,
posterior, anterior, right lateral, and left
lateral projections of head and neck.
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many false-positives and failure to demonstrate response
to VP shunting (23–26). A relatively high complication rate
of up to 31% has been reported in radionuclide cisternog-
raphy studies (27). Furthermore, the lack of anatomic
details for radionuclide cisternography in comparison with
MR imaging has caused the former to fall largely out of
favor, especially with introduction of the new MR techni-
ques discussed previously.
Hybrid imaging with SPECT/CT has led to major

improvements in diagnostic accuracy by fusing functional
studies with anatomic images. The disadvantage of these
combined systems is the high radiation dose to the patient.
For the radionuclide cisternography study alone using
18.5 MBq (0.5 mCi) of 111In-DTPA, the effective dose
to the CNS has been reported to be 3–10 mSv (5,28). In
a CT scan of the head, the patient receives approximately
2 mSv, depending on the scan parameters and technique
(0.3–6 mSv) (29). On the basis of these estimations, the
combined effective dose for a radionuclide cisternography
study with SPECT/CT can range between 3 and 16 mSv.
Despite the risks associated with ionizing radiation, hybrid
SPECT/CT has many valuable indications, particularly for
the evaluation of CSF dynamics, with the benefit of an-
atomic localization. Novotny et al. described the useful-
ness of SPECT/CT cisternography in localizing sites of
CSF leakage (30). Similarly, this technique can be used
for evaluation of NPH. Not only does this technique pro-
vide accurate localization of radiotracer activity within
the precise anatomic spaces, it also provides information
on the presence or absence of other structural abnormal-
ities that can contribute to the patients’ symptomatology,
such as cerebral infarction, hemorrhage, atrophy, and neo-
plasm (4). Radionuclide cisternography with SPECT/CT
can be a valuable alternative to MR imaging for patients
who have claustrophobia or contraindications to MR
imaging such as incompatible implants and certain
pacemakers.

CONCLUSION

Although MR imaging is noninvasive, has superior
resolution, is not associated with ionizing radiation, and
can use multiple different sequences to evaluate CSF
dynamics, radionuclide cisternography with SPECT/CT is
an alternative imaging modality for those unable to

undergo MR imaging. This technique combines both
functional and anatomic imaging to provide precise
information on CSF dynamics together with evidence
on other structural abnormalities. 111In-DTPA cister-
nography with SPECT/CT is a complementary diagnos-
tic tool that, when combined with clinical and laboratory
findings, can be a valuable imaging method for evaluation
of NPH.
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