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Cerebrospinal fluid (CSF) is an essential component of the central nervous system, and disruption of normal CSF flow from the 
lateral ventricles to the subarachnoid spaces around the brain and spinal canal can have serious consequences. Nuclear imag-
ing may be useful to help diagnose abnormalities in CSF flow; cisternograms can be used to assess for CSF leaks or normal-pres-
sure hydrocephalus, and shuntograms can be used to evaluate for CSF shunt malfunction. The authors review normal and 
pathologic findings and pitfalls of cisternography and shuntogram examinations.
©RSNA, 2025 • radiographics.rsna.org

Introduction
Cerebrospinal fluid (CSF), a clear liquid that flows from the 
ventricles into the subarachnoid spaces surrounding the 
brain and spinal cord (1,2), is an essential component of the 
central nervous system. The functions of CSF include clear-
ing waste, transporting nutrients, and cushioning and pro-
tecting the brain and spinal cord (1,2). The majority of CSF is 
produced by the choroid plexus, circulated within the central 
nervous system, and then absorbed into the systemic circu-
lation via the arachnoid granulations. This system results 
in the turnover of circulated CSF approximately four to five 
times per day (1–3).

Disruptions to the normal CSF circulation include CSF 
leaks, spontaneous intracranial hypotension, obstructive 
hydrocephalus, and normal-pressure hydrocephalus (NPH). 
Nuclear imaging evaluation of CSF dynamics is often helpful 
for diagnosing and managing these conditions. In addition, 
ventricular shunts, often used to treat hydrocephalus, may 
malfunction over time, and nuclear imaging, specifically the 
aptly named shuntogram, may be helpful in elucidating the 
cause of the shunt malfunction. The relevant pathophysiol-
ogy, indications, performance, image interpretation, and pit-
falls of CSF cisternography and shuntogram examinations are 
reviewed in this article.
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Abbreviations: CSF = cerebrospinal fluid, DTPA = diethylene triamine pen-
ta-acetic acid, NPH = normal-pressure hydrocephalus, T1/2 = half-life, VA = ven-
triculoatrial, VP = ventriculoperitoneal, VPL = ventriculopleural

TEACHING POINTS
	� 111In-DTPA, which is available as a sterile pyrogen-free aqueous solution, 

is the only radiotracer approved by the U.S. Food and Drug Administra-
tion for intrathecal administration.
	� The “trident” sign on cisternograms refers to the normal distribution of 

CSF around the interfrontal and sylvian fissures that is typically seen at 
3–6 hours.
	� The “heart” sign and “comma” sign are used to describe the appear-

ances of abnormal intraventricular radiotracer activity on anterior and 
lateral planar cisternograms, respectively.
	� In a functioning shunt, the reservoir opening pressure is typically be-

tween 5 and 12–15 cm H20, and T½ reservoir clearance is usually be-
tween 2–4 and 8–10 minutes.
	� Distal limb obstruction results in fluid accumulation in the reservoir, 

leading to high opening pressure (>12–15 cm H2O). The T1/2 reservoir 
clearance typically exceeds 8–10 minutes due to obstructed flow of flu-
id, and images may show an absent or partially visualized distal limb 
and delayed or absent dispersion.

TestYour 
Knowledge

Normal and Pathologic Physiologic 
 Features of CSF

CSF, which is predominantly produced by the choroid plexus 
within the lateral ventricles, fills the cerebral ventricular sys-
tem and surrounds the brain and spinal cord (Fig 1). Normal 
CSF circulation involves flow through the interventricular 
foramina into the third ventricle first, then through the aq-
ueduct of Sylvius into the fourth ventricle, and subsequent-
ly through the foramina of Luschka and Magendie into the 
subarachnoid space (Fig 1) (2,4). The CSF is absorbed by the 
arachnoid granulations, entering the systemic circulation; 
this cycle results in continuous replenishing of CSF (2). It has 
been estimated that at any given time, approximately 150 mL 
of CSF is circulating in the central nervous system at a pro-
duction rate of approximately 500 mL per day (1,5). However, 
the rate of production varies with age (6).

CSF is primarily composed of water, and the secretion of 
this fluid by the choroid plexus is a two-step process. First, 
plasma is filtered through the capillary endothelium into the 
choroid plexus before being transported into the ventricles 
(1,7). CSF production is hormonally influenced, and carbon-
ic anhydrase, which catalyzes the hydration of carbon diox-
ide, is a major regulator of CSF production (1,8). Maintenance 
of central nervous system homeostasis is dependent on the 
blood-brain barrier and the blood-CSF barrier (1).

As CSF is an essential physiologic fluid, many patholog-
ic processes, including hydrocephalus, CSF leakage, NPH, 
spontaneous intracranial hypotension, subarachnoid hem-
orrhage, and meningitis, involve alterations in the normal 
physiologic features of CSF (2). An age-related decrease in CSF 

recycling has been linked to abnormal protein deposition in 
conditions such as Alzheimer disease and chronic traumatic 
encephalopathy (9).

Hydrocephalus was first described by Celsus between 
25 bc and ad 50, and understanding of its pathophysiolo-
gy and treatment has grown over time (4). Hydrocephalus 
represents a pathologic abundance of CSF and has numer-
ous causes. It affects pediatric and adult populations, and 
the intracranial pressure may be normal or high (4,10). Hy-
drocephalus has been classified in numerous ways, includ-
ing as communicating or noncommunicating, congenital 
or acquired, and primary or secondary (4). When CSF flow 
obstruction occurs inside the ventricles, it is called non-
communicating hydrocephalus. When obstruction occurs 
outside the ventricles, in the subarachnoid space, or at the 
level of the arachnoid granulations, it is called communicat-
ing hydrocephalus; this is frequently the case with NPH (2). 
Primary hydrocephalus may be genetic, developmental, or 
idiopathic (4). Secondary hydrocephalus may occur follow-
ing infection, hemorrhage, or trauma (4).

Some of the clinical symptoms associated with hydro-
cephalus include mental deterioration, nausea, vomiting, 
visual problems, and headaches (2). Depending on the clini-
cal findings, the treatment for hydrocephalus may vary, with 
potential therapies including pharmacotherapy, temporary 
surgical interventions, and permanent surgical interven-
tions (4,10). Long-term interventions may include the place-
ment of a CSF shunt to drain CSF from the ventricles into a 
different part of the body, where the CSF can be absorbed into 
the bloodstream (4,10). Shunts may also be used to relieve 
nonhydrocephalic intracranial hypertension (pseudotumor 
cerebri) in patients with significant increases in intracranial 
pressure, visual abnormalities, or papilledema (6).

NPH affects an estimated 3% of the elderly population; this 
is believed to be due to a decrease in CSF absorption at the 
level of the arachnoid granulations, resulting in CSF buildup 
and ventricular enlargement (5,11). One of the defining char-
acteristics of NPH is CSF pressure remaining within the nor-
mal range (12). Primary or idiopathic NPH primarily affects 
the elderly and, as its name suggests, has no known cause. 
Secondary NPH develops in the setting of prior insults, such 
as previous cerebral hemorrhage, trauma, infection, cancer, 
or stroke (11,12). The classic triad of clinical symptoms of NPH 
is incontinence, dementia, and gait impairment (11). NPH is 
commonly treated with CSF shunt placement, which often 
leads to clinical improvement (11).

A CSF leak involves abnormal passage of CSF through a 
defect in the meninges; this may be idiopathic or related to 
a prior procedure or trauma (13). The most common cause 
of CSF leaks is trauma, which accounts for 80%–90% of all 
cases, and these leaks typically manifest within 3 months 
of the insult (13). Skull-base CSF leaks may manifest as rhi-
norrhea or otorrhea (13). More rarely, a patient may present 
with symptoms of spontaneous intracranial hypotension, 
also known as spontaneous CSF leakage, which most com-
monly occurs at the thoracic spine level (14). Symptoms 
include postural headache, nausea, tinnitus, and vertigo 
(15,16), and the majority of affected individuals are female 
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(16). Although physicians have known about spontaneous 
intracranial hypotension for more than 60 years, the exact 
cause remains unclear (15). Potential causes include chiro-
practic manipulation, exercises such as Pilates, degenerative 
changes, connective tissue disorders, and straining during 
childbirth (14).

Schievink et al (17) proposed a multitype system for clas-
sification of spontaneous spinal CSF leaks, with types in-
cluding dural tears, meningeal diverticula, and epidural fis-
tulas. Dural-tear CSF leaks commonly occur ventrally (14,17). 
Meningeal diverticula may be further stratified into those 
with simple (most common) or complex dural ectasia (14,17). 
The third type of CSF leak is a fistulous connection between 
the epidural space and the epidural venous system (14). In 
addition, 30% of patients have been considered to have an 
indeterminate CSF leak type, with approximately half of 
these patients showing evidence of extradural CSF collec-
tions (14,17). Therapeutic strategies for CSF leaks include 
noninvasive treatments such as bed rest, hydration, caffeine 
consumption, and pressure modification with medications 
such as acetazolamide. For those who do not respond to con-
servative therapy, epidural blood patching, hydrogel sealing, 
fibrin patching, or augmented closure of the dural defect, 
including suture closure or graft placement, are additional 
treatment options (14,18).

Nuclear imaging of NPH, CSF leakage, and CSF shunt mal-
function, including indications for imaging and the perfor-
mance, interpretation, and pitfalls of CSF cisternography and 
shuntogram examinations, is reviewed in this article.

Cisternography Indications and Technique
Common indications for nuclear cisternography include CSF 
leakage and spontaneous intracranial hypotension. Cisternog-
raphy may also be requested in the setting of suspected NPH, 
although this is becoming increasingly uncommon (1,19,20).

Radiolabeled diethylene triamine penta-acetic acid (DTPA) 
is often used to perform cisternography. It is a nonlipid solu-
ble agent that is not absorbed until it reaches the arachnoid 
villi, so it is well suited for studying CSF dynamics (5). The 
DTPA molecule can be labeled with indium 111 (111In) or tech-
netium 99m (99mTc) (3); however, 111In-DTPA, which is available 
as a sterile pyrogen-free aqueous solution, is the only radio-
tracer approved by the U.S. Food and Drug Administration 
for intrathecal administration. 111In has a half-life (T1/2) of 67.2 
hours, making delayed imaging feasible. Generally, the use of 
111In-DTPA is quite safe; however, there have been rare cases of 
aseptic meningitis, paresthesias, and/or vasomotor and skin 
reactions (21). Although 99mTc-DTPA has been used off-label 
(3,22), strict adherence to special safety preparation con-
siderations is imperative to avoid neurologic complications. 
These precautions include the use of a preservative-free and 
pyrogen-free formulation that contains no more than 1 mg 
of calcium trisodium diethylenetriamine pentaacetate (23). 
99mTc-pyrophosphate has also been used off-label for cister-
nography (24). The shorter T1/2 of 99mTc-labeled radiopharma-
ceuticals limits imaging delays.

A small (0.5–1.0-mL) volume of pyrogen-free 111In-DTPA is 
administered intrathecally into the subarachnoid space via 
fluoroscopically guided lumbar puncture (Fig 2A), with ac-
cess often obtained by a neuroradiologist (3,25). It may be use-
ful to hold a small amount of the sterile radiotracer in reserve 
in case the agent is inadvertently injected subcutaneously 
and a repeat injection is required. Before intrathecal adminis-
tration of the radiotracer, CSF manometry can be performed. 
After the injection, the patient is placed in the Trendelenburg 
position for 30 minutes to facilitate gravity-assisted radio-
tracer cranial migration (Fig 2B). It is also recommended that 
the patient rest for 6 hours after the injection to minimize 
headaches related to the lumbar puncture (19).

111In-DTPA cisternography is performed by using a gamma 
camera with a medium-energy collimator and a dual-energy 
peak setting of 173 keV and 247 keV (± 10% energy window). 
Planar images in the anterior, posterior, and lateral projec-
tions are obtained 0–1, 3–6, and 24 hours after the injection. 
Delayed images (obtained 48–72 hours postinjection) may 
be helpful, particularly in cases of NPH, as these images 
may show reduced radiotracer clearance from the ventricles 
(5,22). If needed, a background source or point source can 
be used to outline the head. SPECT or SPECT/CT also may 
be useful, especially in cases of suspected CSF leakage (22).

In cases of suspected CSF leakage, pledgets may be placed 
in the nasal or ear cavity, depending on whether rhinorrhea 
or otorrhea is present (Fig 3). A pledget-to-plasma activity ra-
tio of less than 1.3 is considered to be normal, and a pledget-
to-plasma activity ratio of 1.5 or greater is considered to be 
evidence of a CSF leak into the region of the pledget (19,22). 
Pledgets are typically placed by an otolaryngologist before 
intrathecal radiotracer administration and should remain 

Figure 1.  CSF flow (blue) in normal physiologic conditions. CSF 
is predominantly produced by the choroid plexus, flowing from 
the choroid plexus through the ventricular system (pink arrow) 
and exiting through the foramina of Magendie and Luschka into 
the subarachnoid space (red arrow). There, it circulates around the 
brain and spinal cord (yellow arrows) before being absorbed by the 
arachnoid granulations (circled). Under normal conditions, CSF flows 
unidirectionally from the ventricular system into the subarachnoid 
space. Once the CSF exits into the subarachnoid space, it normally 
does not flow back into the ventricular system.
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in place until the patient returns for imaging at 24 hours, at 
which time they are easily removed by a nuclear medicine 
staff member. Pledgets have high sensitivity for CSF leaks 
and may provide evidence of a small leak, even when imaging 
does not. However, they do not show the precise location of 
the leak, which is best assessed with SPECT/CT.

Cisternogram Interpretation

Normal Findings
Early imaging, at 30–60 minutes after radiotracer adminis-
tration, is important for establishing the adequacy of the in-
trathecal subarachnoid space injection. Images should reveal 
linear radiotracer inside the spinal canal, which results from 
cephalic migration of the radiotracer within the thecal sac (Fig 

4). Irregular nonlinear radiotracer activity or visualization of 
kidney and bladder activity at 30–60-minute imaging should 
raise concern for inadvertent injection outside the subarach-
noid space (5). Normally, radiotracer activity should reach the 
basal cisterns at approximately 1 hour and subsequently reach 
the interfrontal and sylvian fissures at 2–6 hours (Fig 4). The 
“trident” sign on cisternograms refers to the normal distribu-
tion of CSF around the interfrontal and sylvian fissures that is 
typically seen at 3–6 hours (Fig 5). Radiotracer activity should 
reach the cerebral convexities at 12–24 hours (Fig 4), and ab-
sorption by the arachnoid villi into the superior sagittal sinus 
and systemic vasculature is typically evident at 24 hours.

Findings of NPH
In the setting of NPH, abnormal reflux of radiotracer into the 
ventricles can be seen, with the intraventricular activity per-
sisting at 24–48 hours. This is often associated with delayed ra-
diotracer migration from the subarachnoid space into the cere-
bral convexities (5,22). The “heart” sign and “comma” sign (Fig 
6) are used to describe the appearances of abnormal intraven-
tricular radiotracer activity on anterior and lateral planar cis-
ternograms, respectively (5). It should be noted that although 
the visualization of ventricles at cisternography supports a di-
agnosis of NPH, there is no definitive evidence of whether it is 
predictive of response to shunt placement (26).

Findings of CSF Leaks
Cisternography can show radiotracer activity outside the cen-
tral nervous system in patients with CSF leaks. SPECT/CT is 
particularly helpful in cases of suspected leakage, as it im-
proves sensitivity and provides detailed anatomic context for 
interpreting the corresponding molecular imaging findings 
(Figs 7–9). It is important to note that retained activity at the 
injection site may mimic a leak, so the injection site must be 
documented. Patients with skull-based CSF leaks may swal-
low CSF, so abdominal imaging may be useful to assess for 
swallowed radiotracer (Fig 8D). Pledgets inserted into the na-
sal cavity or ear canal may yield further evidence of CSF leak-
age in patients with rhinorrhea or otorrhea, respectively, as 
described previously, and may enable detection of subtle or 
intermittent leaks that are not visible at imaging. Correlation 
with prior anatomic imaging findings is essential for trouble-
shooting, improving accuracy, and avoiding known imaging 
pitfalls (Fig 10).

Additional Imaging and Potential Future Directions
In addition to nuclear cisternography, imaging evaluation for 
NPH may include CT and MRI to evaluate for ventriculomeg-
aly, with ventriculomegaly classically out of proportion to ce-
rebral volume loss (27–29). Additional MRI findings include 
periventricular signal intensity changes and flow voids in the 
sylvian aqueduct or fourth ventricle (27–29).

In relatively recent clinical guidelines, CT is recommend-
ed as the diagnostic tool for CSF leaks (19). CT provides ex-
cellent depiction of the anatomy and is noninvasive; however, 
it has limitations, including radiation exposure and the in-
ability to differentiate active from inactive leaks (13). Iohex-
ol is U.S. Food and Drug Administration (FDA) approved for 

Figure 2.  Lumbar spinal access for cisternography and 
positioning of the patient after intrathecal radiotracer 
injection. (A) Often, a neuroradiologist obtains intrathe-
cal access by means of fluoroscopically guided lumbar 
puncture, with a spinal needle inserted below the level of 
the conus medullaris, typically at the L3-L4 or L4-L5 level. 
After measurement of the opening pressure, the sterile 
radiotracer is injected intrathecally into the spinal canal. 
(B) It is recommended that the patient remain in the Tren-
delenburg position for approximately 30 minutes after the 
radiotracer injection to facilitate gravity-assisted flow of 
the injected radiotracer from the level of the lumbar spine 
into the subarachnoid spaces of the head (arrow).
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intrathecal injection and may aid in identifying active leaks, 
but risks related to iodinated contrast material, the potential 
for a nondiagnostic study, and the invasive nature of lumbar 
puncture must be considered. In addition, contrast material 
may obscure smaller osseous defects (13).

Contrast-enhanced MRI can be considered for detect-
ing dural enhancement; however, it may be contraindicated 
in some patients, and the bone detail on MR images can be 
suboptimal (13,30). MR cisternography has been performed 
with intrathecally administered gadolinium-based contrast 
material, most commonly gadopentetate dimeglumine DTPA 
13); however, intrathecal injection of gadolinium-based con-
trast material is not FDA approved (13), and there have been 

case reports of intrathecally administered gadolinium-based 
contrast media causing behavioral and neurologic symp-
toms when the volumes exceeded 15 mL (13). Some sources 
have suggested that noncontrast techniques such as three-di-
mensional constructive interference in steady-state MRI 
and phase-contrast MRI may be used in MR cisternography 
(31,32).

PET/CT performed by using off-label intrathecal injection 
of copper 64 (64Cu) gadoterate meglumine (DOTA) has been 
proposed as an alternative to nuclear cisternography with in-
trathecally injected 111In-DTPA. However, this is currently used 
predominantly in research settings. This may be helpful in the 
future, as 64Cu-DOTA PET/CT may provide higher sensitivity 

Figure 4.  Timeline for visualizing CSF structures (including the interhemispheric region [pink arrow] and sylvian fissures [black arrows]) at 
cisternography under normal conditions.

Figure 3.  Use of pledgets at cisternography for evaluation of suspected skull-base leaks. (A, B) Drawings illustrate the placement of pledgets in 
the nasal cavity for patients with CSF rhinorrhea (A) and in the external auditory canal for patients with CSF otorrhea (B). (C) Example of pledget 
count reporting in a patient with rhinorrhea and nasal pledgets. In this case, the plasma count rate is 360 cpm (arrow). None of the pledget 
counts exceeds the plasma count rate, compatible with absent CSF leakage. Med = middle, ROI = region of interest.
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Figure 5.  Normal planar cisternogram findings 
with SPECT/CT correlation. (A, B) Anterior planar 
cisternogram of the head at 3–6 hours (A) and corre-
sponding coronal fused SPECT/CT image (B) show a 
normal CSF radiotracer activity configuration within 
the subarachnoid spaces of the head, including the 
interhemispheric fissure (blue arrow) and sylvian 
fissures (yellow arrows). This configuration is often 
referred to as the trident sign (normal CSF tracer 
distribution). (C, D) Delayed lateral planar cister-
nogram (C) and axial fused SPECT/CT image (D) at 
24 hours show the normal expected distribution of 
radiotracer activity along the cerebral convexities 
(yellow arrows) and cerebellum (blue arrow in C), 
with absent activity within the lateral ventricles (red 
arrows).

Figure 6.  Classic signs of NPH at planar cisternography 
with SPECT/CT correlation. (A) Anterior planar head cister-
nogram (left) and corresponding coronal fused SPECT/CT 
image (right) at approximately 24 hours show the typical 
heart-shaped configuration of radiotracer activity within 
the lateral ventricles (arrows), referred to as the heart sign 
(abnormal ventricular activity in NPH). (B) Lateral planar 
head cisternogram (left) and corresponding sagittal fused 
SPECT/CT image (right) at approximately 24 hours show 
the typical comma-shaped configuration of radiotracer 
activity within the lateral ventricles (arrows), referred to as 
the comma sign (abnormal ventricular activity in NPH).
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for leaks and superior spatial resolution (30). Researchers have 
also assessed the use of gallium 68–DOTA, another investiga-
tional radiopharmaceutical for PET, for evaluation of CSF leaks, 
and indirect findings of poor flow over convexities and direct 
extrathecal tracer accumulation were found to be sensitive and 
specific markers for CSF leaks (33).

CSF Shunt: Overview
Hydrocephalus can be treated with CSF diversionary shunt 
placement, an intervention that has been used since the 
early 1900s; however, this treatment can be complicated by 
failed shunt placement and associated morbidity (34–36). 
CSF shunt placement is a relatively common procedure, with 
approximately 40 000 shunts placed each year in the United 
States, and the cost of shunt-related procedures is estimated 
to be approximately $1 billion U.S. dollars annually (37,38). 
Shunts are composed of a proximal ventricular catheter, a 
reservoir-valve complex, and a distal catheter (Fig 11A). The 
proximal catheter is usually inserted into the ventricular 
system of the brain, most commonly a lateral ventricle, via a 
burr hole in the calvarium (37,38). Single-setting and adjust-
able valves can be used. Single-setting (monopressure) valves 
were first used in the 1950s, and adjustable variable-pressure 
valves were introduced in the 1980s (39). The reservoir-valve 
complex is located at the junction of the proximal and distal 
catheter segments. The distal catheter typically extends infe-
riorly to the peritoneum, right atrium, or pleural space (Fig 
11B) (37,39,40).

Ventriculoperitoneal (VP) shunts are generally the most 
commonly used because of the relative ease of accessing the 
peritoneal cavity and low risk of complications associated 
with using them (37). However, the peritoneal cavity may not 
be suitable for certain patients, particularly in the setting of 
intra-abdominal adhesions or recurrent infections. In such 
instances, a ventriculoatrial (VA) shunt may be an alternative, 
although the use of this device is associated with the added 
risks of vascular complications and intravascular infection 
(37). The ventriculopleural (VPL) shunt is the least preferable 
shunt type and is typically used as a last resort, as it tends to 
be associated with a high risk of hydrothorax (37).

Indications for shunt placement typically include congen-
ital hydrocephalus, NPH, and increased intracranial pres-
sure (35,39). Approximately 40%–50% of shunt placements 
fail within 2 years, and 63%–98% of them fail within 10 years 
(37,39). The most common reason for shunt failure is partial 
or complete obstruction or overdrainage (36,41). Other com-
plications associated with shunts include infection, hema-
toma, hygroma, disconnection of the catheter, obstruction, 
kinking, and incorrect positioning (38,39,41).

Infection of the shunt apparatus typically occurs within 
6 months of placement, and skin flora are believed to be the 
causative agents in many cases (37). Although the risk of ob-
struction is highest in the early postoperative period, obstruc-
tion can occur at any time (37). Proximal shunt blockage is 
more prevalent in the first 2 years after insertion of the shunt 
and is usually due to obstruction by the choroid plexus, brain 

Figure 7.  Auditory canal CSF leakage at cisternography, 
with CT cisternography correlation, in a 60-year-old man 
with clinically suspected CSF leakage after left mastoid-
ectomy. (A, B) Axial (A) and coronal (B) fused SPECT/CT 
cisternograms at 24 hours show radiotracer activity at 
the left mastoidectomy site and auditory canal (arrow), 
compatible with CSF leakage. (C, D) Same-day axial (C) 
and coronal (D) CT cisternograms show contrast agent ex-
tension into the same region within the left auditory canal 
(blue arrow), concordant with nuclear imaging findings of 
CSF leakage. SPECT/CT of the area of suspected leakage is 
often helpful for improving sensitivity and providing better 
anatomic detail.
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parenchyma, blood, or proteinaceous debris. However, distal 
obstruction, often caused by adhesions or scar tissue, is rare 
(37,42). Clinical symptoms of shunt malfunction may include 
seizures, weakness, ataxia, headache, nausea, vomiting, and 
altered mental status (36,37).

Imaging Evaluation for CSF Shunt Malfunction
Imaging in patients suspected of having CSF shunt failure 
typically begins with noncontrast head CT or limited-protocol 
brain MRI with a single-shot T2-weighted sequence to assess 
ventricular size (37). Some shunt valves may not be MRI com-
patible, and the precautions outlined by the shunt manufactur-
er must be taken (37). Also, a shunt radiograph series is com-

monly obtained to assess the continuity of the shunt catheter 
and evaluate for possible migration (37). Abdominopelvic CT or 
US may be used to evaluate the distal catheter in patients with 
intraperitoneal catheters. US is generally preferred for pediat-
ric patients because it does not involve radiation exposure (37). 
Nuclear shuntograms may be used in combination with head 
CT or MRI and the shunt radiograph series to evaluate for shunt 
malfunction (37,42,43), and it is important to obtain and review 
noninvasive anatomic imaging studies before the procedure.

Indications for Radionuclide Shuntogram
The radionuclide shuntogram is a valuable tool for evaluat-
ing patients with clinical concerns for shunt malfunction. 

Figure 8.  Nasal vault CSF leakage in a pa-
tient with left-sided rhinorrhea. (A–C) Planar 
lateral (A), axial (B), and sagittal (C) fused 
SPECT/CT cisternograms of the head at 24 
hours show radiotracer activity in the left nasal 
vault (arrow), compatible with CSF leakage. 
(D) Planar cisternogram of the abdomen at 
24 hours shows swallowed radiotracer in the 
bowel (arrow) related to swallowed radiotracer 
from the base of the skull leakage. Abdominal 
imaging (to evaluate for swallowed activity) 
can improve sensitivity for CSF leaks in cases 
of subtle or intermittent rhinorrhea.

Figure 9.  Spinal CSF leakage in two patients. (A) Sagit-
tal fused SPECT/CT cisternogram after spinal surgery in a 
patient with Baastrup disease shows radiotracer activity 
outside the thecal canal within the posterior lower lumbar 
interspinous region (arrows), compatible with CSF leakage. 
Due to concern for lumbar spinal leakage in the postopera-
tive setting, 111In-DTPA was administered by using cervical 
spine access. (B) Axial fused SPECT/CT cisternogram in 
another patient with spontaneous intracranial hypotension 
shows radiotracer activity within the right anterior C2-C3 
paravertebral region (arrow), compatible with CSF leakage. 
Nuclear cisternography is helpful for screening patients 
with intracranial hypotension for CSF leakage. Knowing the 
location of spinal access and the radiotracer injection site 
and obtaining early images (30–60 minutes after radiotracer 
injection) are crucial to avoid mistaking potentially misad-
ministered radiotracer at the injection site for a CSF leak.
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This study is particularly beneficial when other imaging 
techniques, such as shunt radiographic series and head CT, 
have not provided conclusive results. For example, when 
the ventricular size is stable or there is uncertainty as to 
whether the patient’s symptoms are attributable to shunt 
malfunction, a shuntogram may help provide clarification. 
In addition, shuntograms may be useful in individuals who 
have ventricular size changes without symptoms (42,44). 
Nuclear shuntograms can be helpful for establishing pa-
tency or identifying the location of the shunt malfunction 
and distinguishing proximal versus distal limb obstruction 
(37). From a clinical perspective, if the site of malfunction 
can be identified, it may not be necessary to replace the en-
tire shunt apparatus, and if normal shunt function can be 
demonstrated, unnecessary surgical intervention could be 
avoided (42).

Preparatory Steps before Performing Radionuclide 
Shuntogram
Before performing a nuclear shuntogram, it is crucial to review 
the patient’s current clinical information, including ongoing 
symptoms and past medical and surgical histories (Table 1) 
(45). At many institutions, when patients are referred for nu-
clear shuntogram evaluation, it is necessary for them to have 
already undergone noninvasive diagnostic imaging such as 
head CT and a shunt radiograph series. The interpreting phy-
sician must review prior anatomic images before starting the 
shuntogram, as prior imaging findings may provide valuable 
insight into the configuration of the shunt catheter and suggest 
the type of malfunction. For example, increased ventricular 
size on an anatomic image may indicate obstruction, whereas a 
rapid decrease in ventricular size suggests overdrainage.

It is important to review the shunt radiograph series to con-
firm the type of shunt being evaluated, as this determines the 

Figure 10.  Perineural cyst mimicking a CSF leak. (A, B) Posterior planar cisternogram of the thorax at 4 hours (A) and axial fused 
SPECT/CT image (B) show a focus of radiotracer activity along the left lateral aspect of the lower thoracic spine (arrow), which did not 
change in configuration over time. (C) Axial T2-weighted MR image shows that the focal radiotracer activity corresponds to a perineural 
cyst (arrow). Correlation of SPECT/CT findings and available anatomic imaging findings is recommended to avoid misdiagnoses and 
false-positive reporting in equivocal cases.

Figure 11.   (A) Diagram shows the 
components of a CSF shunt. (B) Frontal 
radiographs show the different types of 
ventricular CSF shunts (pink).
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expected imaging outcomes of the nuclear shuntogram. For 
instance, if a VP shunt is present, it is important to obtain de-
layed images of the abdomen to assess for free dispersion of 
the radiopharmaceutical. Conversely, if a CSF-pleural shunt is 
present, attention should be directed toward the chest on the 
delayed images. For CSF-atrial shunts, systemic distribution 
of the radiopharmaceutical is expected, as CSF drains into the 
systemic circulation (45). The shunt series is also useful for as-
sessing for evidence of a mechanical disruption such as a bro-
ken shunt catheter (37,42).

Shuntogram Technique and Radiotracer  
Administration
There are currently no consensus guidelines for performing a 
radionuclide shuntogram (42,45). The shuntogram technique 
described in this article is based on the methodology used at 
the authors’ institutions, although the protocols vary across 
institutions.

Once the reservoir location is identified by palpating the 
scalp, the first step is to clean the area around the reservoir. 
Then, the neurosurgeon or nuclear medicine physician can 
aseptically access the reservoir by using a 23-gauge, 25-gauge, 
or butterfly needle. It is essential that a syringe is connect-
ed to the butterfly Luer adapter at the time the reservoir is 
punctured to prevent air from entering the reservoir if there 
is negative opening pressure (36). After gaining access to the 
reservoir, one should watch for fluid returning to the tip of the 
catheter. The CSF opening pressure can be measured by using 
one of the manometry methods, either with digital equipment 
or with a water column and ruler; however, it should be noted 
that some institutions may avoid pressure measurements to 
minimize the effects on flow dynamics. If the pressure will be 
measured, the CSF must reach the hub of the equipment used 
to obtain an opening pressure measurement.

If spontaneous CSF drainage does not occur, the process 
of accessing the reservoir can be repeated or the location of 
the needle can be altered to ensure that it is correctly placed 
in the reservoir. If there is still no fluid drainage, one can 
attempt to extract fluid by performing gentle aspiration. If 
the attempt to obtain CSF is still unsuccessful, this might in-
dicate proximal limb obstruction that prevents the CSF from 
reaching the reservoir (45).

Once the opening pressure has been assessed, a CSF sam-
ple can be collected if it is requested by the clinical team. Only 
a small amount of fluid (1–2 mL) is typically obtained to avoid 
perturbing the reservoir dynamics, and some may choose not 
to perform any fluid withdrawal. The radiotracer should then 
be administered. To avoid disrupting the reservoir dynamics, 
a small volume (0.1–0.2 mL) of radiotracer is injected into the 
hub. If a butterfly needle is used to access the reservoir, it is 
important to visually follow the meniscus of the radiotrac-
er within the catheter, using an air piston to ensure that the 
agent reaches the reservoir. Allowing air to enter the reservoir 
should be avoided since this may impair CSF flow (36).

Various radiotracers used to perform shuntograms, 
including 111In-DTPA (250 μCi), 99mTc-DTPA (0.5–1.0 mCi), 
and 99mTc-pertechnetate (0.5–1.0 mCi), are described in 
the literature (36). Despite the lack of U.S. Food and Drug 

Administration approval for use of 99mTc-labeled agents for 
shuntograms, these radiotracers have been used off-label, 
with 99mTc-pertechnetate often preferred due to its afford-
ability, widespread availability, quick radioactive decay 
time, and low gamma energy. These characteristics con-
tribute to minimal radiation exposure for patients and an 
ideal photopeak for gamma-camera imaging (45).

Shuntogram Imaging
The patient should be positioned under the camera before the 
injection to ensure that the clearance is promptly recorded. 
After assessment of the opening pressure and injection of the 
radiopharmaceutical, imaging evaluation is performed. Initial 
imaging involves acquiring dynamic images of the head, with 
the patient in the supine position for 10 minutes to determine 
the rate of clearance from the reservoir. Dynamic imaging may 
be performed for a shorter period (eg, 5 minutes) in pediatric 
patients since it may be more challenging for them to remain 
still (45). If the VP shunt has rapid clearance, failure to initiate 
imaging immediately after the injection may result in an inac-
curate T1/2 clearance measurement if the initial period of rapid 
clearance is missed. Dynamic imaging is typically conducted 
with the head in a lateral position and the reservoir side fac-
ing upward. This positioning allows clear visualization of the 
reservoir and lateral ventricles. Dynamic head imaging should 
encompass the reservoir, lateral ventricles, proximal limb, and 
proximal part of the distal limb. This comprehensive field of 
view enables observation of drainage and any reflux of radio-
tracer into the lateral ventricles. To obtain an accurate calcula-
tion of T1/2 reservoir clearance, it is important to keep the head 
steady during imaging. For pediatric patients, a family member 
may help maintain secure head positioning while dynamic im-
ages are being obtained. If normal radiotracer drainage from 
the reservoir is not observed at 10 minutes, other maneuvers 
such as upright positioning or imaging after walking may be 
used to assess for gravity-dependent drainage.

Table 1: Shuntogram Procedure Steps

1. Review available CT, MR, and/or shunt radiograph image 
series.

2. Using an aseptic technique, insert the needle into the reser-
voir and measure the opening pressure. If needed, 1–2 mL 
of CSF can be sent for laboratory evaluation.

3. Slowly inject a small volume (0.1–0.2 mL) of sterile py-
rogen-free radiotracer (111In-DTPA [250 μCi], 99mTc-DTPA 
[0.5–1.0 mCi], or 99mTc-pertechnetate [0.5–1.0 mCi]) into 
the reservoir.

4. Perform dynamic imaging over the head for 10 minutes, 
with the region of interest over the reservoir, followed by 
the acquisition of static images of the catheter tract and the 
abdomen (VP shunt), chest (VPL shunt), or entire body (VA 
shunt).

5. If drainage is poor at imaging with the patient in the supine 
position, perform additional imaging after having the 
patient sit upright or walk for a few minutes (to assess for 
gravity-dependent flow and drainage).
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Following dynamic imaging, static images of the reservoir, 
shunt, and expected drainage site should be obtained. For pa-
tients with VP shunts, imaging should include the abdomen 
and pelvis; imaging should include the chest for those with VPL 
shunts. Systemic distribution of the radiopharmaceutical is ex-
pected when the distal portion of the VA shunt is patent as the 
agent drains into the blood. The fluid should distribute free-
ly throughout the pleural space and abdomen for VPL and VP 
shunts, respectively. If there is no dispersion of the radiotrac-
er, the patient can be instructed to rotate on the table or walk 
to improve the dispersion of radiotracer in the draining cavity 
and avoid a CSF collection or pseudocyst. If successful drainage 
is not observed in the expected draining cavity, additional static 
images may be obtained every 15 minutes for up to 30–60 min-
utes or until successful radiotracer drainage is seen. SPECT/
CT can be used for troubleshooting, and some studies have 
shown that SPECT/CT can enhance the sensitivity and specific-
ity of the nuclear shuntogram, offer additional insight into the 
underlying causes of shunt dysfunction, and assist in surgical 
planning (46). For example, SPECT/CT may be helpful for con-
firming localization of the radiotracer in a lesion suspected to 
be a CSF pseudocyst.

Diagnostic Parameters for Shuntogram Interpretation
The interpretation criteria often used for interpreting VP 
shunts, with expected normal and abnormal values, are sum-
marized in Table 2. Opening pressure can be an important 
factor to consider when interpreting a shuntogram study. 
The opening pressure reflects the degree of fluid buildup in 
the reservoir, and a high opening pressure is often associat-
ed with conditions such as distal obstruction that cause an 
increase in fluid buildup within the reservoir. On the other 
hand, a low opening pressure is associated with conditions 
that cause a decrease in fluid reaching the reservoir (proxi-
mal obstruction) or a rapid drainage of radiotracer from the 
reservoir (overdrainage).

The reservoir clearance rate (ie, T1/2 reservoir clearance) is 
used to quantify the clearance of radiotracer activity from the 
reservoir. Prompt drainage often occurs in normally function-
ing shunts, but this can also be seen in overdrainage conditions, 
especially if the drainage is very fast (T1/2 <2–4 min) (45,47).

Static images are also useful for documenting flow within 
shunt limbs and assessing for free dispersion at the distal 

aspect of the distal catheter. In a normal shuntogram study, 
visualization of the distal limb with free dispersion of radio-
tracer into the intended cavity is expected. Delayed or absent 
dispersion of radiotracer activity into the intended cavity 
suggests possible obstruction. Visualization of the proximal 
shunt with reflux of radiotracer into the ventricles may be 
seen in patent proximal shunt catheters (Fig 12A); however, 
the absence of ventricular reflux does not necessarily indi-
cate proximal limb obstruction. The valve in some shunts 
protects against refluxed activity, so nonvisualization of the 
ventricles is often a normal finding in shuntogram examina-
tions.

Common Normal and Abnormal Shuntogram Findings

Normal Shunt.—In a functioning shunt, the reservoir open-
ing pressure is typically between 5 and 12–15 cm H20, and 
T½ reservoir clearance is usually between 2–4 and 8–10 min-
utes (36,45,47). Visualization of both proximal and distal 
limbs on a shuntogram image is often expected, with free 
dispersion into the abdomen via a VP shunt (Fig 12), into the 
pleural space via a VPL shunt, or into the systemic circula-
tion via a VA shunt (Fig 13). As noted previously, the valve in 
some shunts may prevent CSF reflux to the ventricles, and 
the proximal limb may not be visualized in this setting.

Distal Shunt Obstruction.—Distal limb obstruction results in 
fluid accumulation in the reservoir, leading to high opening 
pressure (>12–15 cm H2O). The T1/2 reservoir clearance typical-
ly exceeds 8–10 minutes due to obstructed flow of fluid, and 
images may show an absent or partially visualized distal limb 
and delayed or absent dispersion (Fig 14) (36,47).

Proximal Shunt Obstruction.—With proximal shunt obstruc-
tion, CSF cannot drain from the ventricles, and this results in 
low opening pressure at the reservoir. Slow drainage (T1/2 > 
8–10 minutes) is also expected in patients with proximal ob-
struction (36,47). Imaging reveals absent or delayed visualiza-
tion of the proximal catheter, no ventricular reflux, and lack 
of dispersion into the abdomen.

Shunt Overdrainage.—Shunt overdrainage (or siphon-
ing) is characterized by rapid emptying of the distal limb, 

Table 2: Shuntogram Findings Interpretation Checklist

Factor Expected Normal and Abnormal Values
Opening pressure Normal opening pressure is typically between 5 and 12–15 cm H2O

Low opening pressure can be seen with proximal obstruction or overshunting
High opening pressure suggests distal limb obstruction

Valve clearance T1/2 Normal valve clearance T1/2 is typically between 2–4 minutes and 8–10 minutes
Valve clearance T1/2 shorter than 2–4 minutes can be seen with overshunting
Valve clearance T1/2 longer than 8–10 minutes is associated with obstruction

Imaging findings Normal findings are the visualized shunt catheter and free dispersion of radiotracer into the abdomen in a VP 
shunt, into the pleural space in a VPL shunt, or into the systemic circulation in a VA shunt

Abnormal findings are absent shunt catheter activity and absent or delayed dispersion of radiotracer activity
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Figure 12.  Normal distribution of radiotracer in a VP 
shunt. Anterior planar VP shuntogram images of the head, 
neck, and chest (A) and the abdomen and pelvis (B) show 
injected radiotracer within the shunt reservoir (blue arrow 
in A). There is reflux of radiotracer into the lateral ventricles 
(pink arrow in A), normal drainage of radiotracer into the 
distal VP catheter (yellow arrow), and free dispersion of 
radiotracer activity in the peritoneum (purple arrow in B). 
With some shunt designs, reflux into the ventricles is not 
possible, so nonvisualization of the proximal shunt and 
ventricular activity may be normal.

Figure 13.  Normal distribution of radiotracer in 
a VA shunt. (A) Anterior planar 99mTc-pertechnetate 
VA shuntogram image of the head, neck, chest, 
and abdomen shows radiotracer injected within 
the shunt reservoir (blue arrow), reflux of activity 
into the lateral ventricles (pink arrow), and normal 
drainage of radiotracer into the distal shunt catheter 
(orange arrow). (B) Planar 99mTc-pertechnetate VA 
shuntogram image acquired later shows radiotracer 
uptake in the stomach (arrow), which is compatible 
with systemic radiotracer distribution.

Figure 14.  Distal VP shunt limb obstruction in an adult patient with a worsening headache and high VP shunt reservoir opening pressure. 
(A) Representative supine dynamic VP shuntogram image of the head shows the reservoir region of interest (blue arrow), with poor radiotracer 
activity in the distal limb (purple arrow). (B) The reservoir time activity curve is flat (arrow), compatible with poor reservoir emptying.  
(C) Post-upright anterior planar shuntogram image of the abdomen and pelvis at 1 hour shows radiotracer activity in the distal limb (arrow) 
without radiotracer dispersion into the peritoneum, which is compatible with VP shunt distal limb obstruction.

resulting in low reservoir fluid levels and low opening pres-
sure. Drainage is notably rapid (T1/2 < 2–4 min), distinguish-
ing overdrainage from obstruction (45,47). Imaging findings 
are otherwise normal, emphasizing the importance of clin-

ical and anatomic imaging correlation (Fig 15). The valve 
clearance rate may be normal with the patient in the supine 
position, but it will markedly speed up when the patient is in 
a semi-upright position.
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Less Common Drainage Patterns.—One of the less common 
patterns of CSF drainage is gravity-dependent drainage. In 
this setting, the patient may have a high opening pressure 
and absent drainage at supine imaging. This pattern mimics 
distal limb obstruction; however, when upright imaging is 

performed, the patient will have good clearance of radiotrac-
er (Fig 16), consistent with gravity-dependent drainage. In 
cases of absent or slow supine drainage, upright imaging is 
essential to evaluate for possible gravity-dependent drain-
age.

Figure 15.  VP shunt overdrainage in a 
30-year-old woman with worsening headaches 
and low reservoir opening pressure. (A) Rep-
resentative supine dynamic VP shuntogram 
image of the head shows radiotracer activity in 
the reservoir (blue arrow) and prompt radio-
tracer drainage into the distal shunt limb (pink 
arrow). (B) The reservoir time activity curve 
shows rapid radiotracer activity clearance 
(arrow), with a T1/2 drainage time shorter than 
2 minutes. (C) Planar shuntogram image of the 
abdomen shows radiotracer activity disper-
sion into the peritoneum (arrows). (D) Axial 
head CT image shows slitlike lateral ventricles 
(arrow), which, combined with the shunto-
gram findings, are consistent with VP shunt 
overdrainage.

Figure 16.  Gravity-dependent 
drainage in a 45-year-old man with a 
headache and lethargy, which were 
exacerbated by supine positioning. 
(A) Representative supine dynamic VP 
shuntogram image of the head shows 
the reservoir region of interest (blue ar-
row), with minimal radiotracer drainage 
into the distal limb (pink arrow).  
(B) The reservoir time activity curve 
is flat (arrow), compatible with poor 
reservoir emptying. (C) Representative 
dynamic shuntogram image of the 
head with upright positioning shows 
improved transit of the radiotracer from 
the reservoir (blue arrow) into the distal 
limb (pink arrow). (D) The reservoir 
time activity curve after upright posi-
tioning shows rapid clearance of the 
radiotracer (arrow), compatible with 
gravity-dependent clearance.
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Figure 17.  CSF pseudocyst in an adult patient with wors-
ening headaches. (A) Representative supine dynamic VP 
shuntogram image of the head shows radiotracer activity in 
the reservoir (blue arrow) and prompt radiotracer drainage 
into the distal shunt limb (pink arrow). (B, C) Supine (B) 
and post–patient rolling (C) abdominal planar shuntogram 
images show focal accumulation of radiotracer (arrow) 
rather than free dispersion into the abdomen, compatible 
with a CSF pseudocyst. (D) Subsequent axial pelvic CT image 
shows a loculated fluid collection (arrow) in the right lower 
quadrant around the distal shunt limb catheter, concordant 
with cisternogram findings of CSF pseudocyst.

Figure 18.  Inad-
vertent subcutane-
ous injection. Early 
planar VP shunto-
gram image of the 
upper body obtained 
within 30 minutes of 
99mTc-pertechnetate 
injection into the res-
ervoir shows a lack of 
radiotracer clearance 
from the reservoir 
area (pink arrow). 
Radiotracer activity is 
noted in the salivary 
glands (yellow arrow), 
thyroid (blue arrow), 
and stomach (purple 
arrow), indicating systemic distribution of radiotracer due to inadver-
tent subcutaneous radiotracer injection. Early findings of systemic 
distribution during VP shuntogram evaluation should raise concerns 
about a subcutaneous injection. Note that this distribution is normal 
at delayed VA shunt imaging, as the radiotracer activity in a normally 
functioning VA shunt should reach the systemic circulation.

after movement, which may include the patient being rolled 
onto a table or the patient walking, the findings suggest locula-
tion and CSF pseudocyst formation (Fig 17). SPECT/CT or other 
anatomic imaging correlations may be useful for better acquisi-
tion of anatomic details and confirming these findings (36).

Pitfalls

Subcutaneous Injection
During injection, the radiotracer may be inadvertently in-
jected into the cutaneous or subcutaneous tissue rather than 
the reservoir. At imaging, the drainage patterns may mimic 
those of obstruction, showing an absence of drainage from 
the reservoir region. In this case, static images often provide 
clues to subcutaneous injection, with nonvisualization of the 
distal tubing and early systemic distribution of radiotracer 
activity in the salivary glands, thyroid, and/or stomach on 
99mTc-pertechnetate images (Fig 18) or in the urinary collect-
ing system on 99mTc-labeled or 111In-labeled DTPA images (36). 
As with cisternography, with a shuntogram, holding an addi-
tional small amount of the sterile radiotracer in reserve may 
be useful in case inadvertent subcutaneous injection occurs 
and a repeat injection is required.

Falsely Elevated Opening Pressure
The opening pressure may be falsely elevated if a patient is up-
set and crying. False elevation of the opening pressure should 
be considered when the high opening pressure is discordant 
with imaging findings and when it occurs without identifica-
tion of shunt obstruction or an abnormally prolonged drain-
age rate (Fig 19).

Another less common imaging pattern can be seen in pa-
tients with focal accumulation of radiotracer activity in the 
draining cavity at delayed imaging. If this accumulation persists 
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Conclusion
By carefully assessing for characteristic parameters and pat-
terns, radiologists can use nuclear CSF imaging to gain im-
portant insights into CSF dynamics and CSF diversionary 
shunt function (Fig 20). Understanding the nuanced con-
cepts associated with altered flow dynamics, using prior an-
atomic images for correlation, and performing SPECT/CT for 
troubleshooting can help ensure accurate diagnosis and in-
formed clinical decision making.
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Figure 20.  Diagram illustrates an algorithmic approach to diagnosing shunt malfunction by using the opening 
pressure, T1/2 reservoir clearance time, and shuntogram findings.

Figure 19.  Falsely elevated opening pressure (24 cm H2O) due to crying in a pediatric patient. (A) Representative images from an early dynamic 
VP shuntogram of the head show good radiotracer transit into the distal limb (purple arrow) and rapid clearance of activity on the reservoir time 
activity curve (T1/2 clearance <10 min) (blue arrow). (B) Planar abdominal VP shuntogram image shows free radiotracer dispersion in the abdo-
men (arrow), compatible with a patent shunt. A transient increase in intra-abdominal pressure (due to the patient crying or holding their breath 
at the time of opening pressure measurement) can lead to inaccurate measurement of the opening pressure. However, a normal reservoir T1/2 
clearance and prompt drainage of the radiotracer from the reservoir can help confirm a normal-functioning shunt. 
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