Providing Choice & Value = ) fesees

CONTACT REP

AJNR

Thisinformation is current as
of July 22, 2025.

The Adult Radiographic Shuntogram

Walter S. Bartynski, Saravanan Valliappan, James H. Uselman
and Michael P. Spearman

AINR Am J Neuroradiol 2000, 21 (4) 721-726
http://www.gjnr.org/content/21/4/721


http://www.ajnr.org/cgi/adclick/?ad=57967&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_july2025
http://www.ajnr.org/content/21/4/721

AINR Am J Neuroradiol 21:721-726, April 2000

Technical Note

The Adult Radiographic Shuntogram

Walter S. Bartynski, Saravanan Valliappan, James H. Uselman, and Michael P Spearman

Summary: We describe the adult radiographic shunto-
gram, a simple method to evaluate the function and paten-
cy of a ventriculoperitoneal or ventriculoatrial shunt. The
procedur e involves placing contrast material into the valve
of a shunt system and following the flow for appropriate
clearing of contrast agent from the shunt tubing. Twenty-
three studies were obtained in 15 patients in whom shunt
malfunction was suspected. The method can be used to es-
tablish valve malfunction, ventricular or distal catheter ob-
struction, and peritoneal encystment.

Ventriculoperitoneal or ventriculoatrial shunt
malfunction is a common problem that is difficult
to diagnose and manage. Clinical presentation in
patients with shunt malfunction is typically non-
specific, and brain imaging often fails to show a
change in ventricular size. The radiographic shun-
togram is a simple procedure previously described
in children that alows objective demonstration of
shunt function and patency (1, 2). To our knowl-
edge this is the first report describing use of the
shuntogram technique in adults. The procedure is
only minimally invasive and is rapid as well as
easy to perform.

Technique and Patients

The radiographic shuntogram involves injection of a small
quantity of nonionic contrast material into the valve of a ven-
tricular shunt system. Serial filming is performed over a 15-
minute period to document forward flow of contrast materia
and CSE Pumping the shunt prior to obtaining the fina radi-
ographs ensures complete system function. A shuntogram is
performed only after systemic infection is excluded as the
cause of the patient’s neurologic changes.

With the patient supine, the head is turned for optimal dis-
play of the shunt system and scout radiographs of the cranial,
chest, and abdomina components of the shunt are obtained.
The shunt valve is located and scalp hair is generously re-
moved from the valve region. The skin overlying the valve is
thoroughly cleansed with Betadine and a sterile drape is placed
over the field. By palpation and with fluoroscopic guidance,
the valve is entered by using a 25-gauge butterfly needle (Fig
1A), which is connected to adequate extension tubing. Free
backflow of CSF confirms proper placement within the valve.
A 5-mL syringe is connected to the butterfly system and a
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minimal amount (1-2 mL) of CSF is gently withdrawn. This
provides fluid for analysis and confirms free flow in the ven-
tricular component of the system. Resistance to CSF with-
drawal suggests ventricular component obstruction or valve
malfunction, and continued withdrawal should not be forced.
Only a small amount of CSF should be removed, since exces-
sive withdrawal of CSF would diminish the pressure gradient
and can reduce CSF flow through the shunt system.

Two to three milliliters of Iohexol 240 mg I/mL (Nycomed,
Princeton, NJ) is then injected into the shunt valve (Fig 1B)
and seria filming of the crania, chest, and abdomina com-
ponents of the shunt system are obtained at 3, 6, 9, and 12
minutes (Fig 1C—F). At 15 minutes, the shunt valve is pumped
30 times to effect complete clearing of the shunt system and
final films of all regions are obtained (Fig 1G).

In children, a normal shunt system can be seen to clear con-
trast material partialy or completely from the shunt tube on a
3-minute film (1, 2). Previous investigators used 9 to 10 min-
utes as the upper limits of normal for identifying spontaneous
flow and complete clearing in an unobstructed shunt system
(1, 2).

In adults, normal CSF production is 0.3 to 0.4 mL/min (ap-
proximately 18-24 mL/h, or 432-576 mL/day) (3). In vivo
studies of adult indwelling shunts have exhibited a wide range
of measured CSF flow rates in asymptomatic patients and in
normally functioning systems (4-8). Slow flow ratesof 2to 5
mL/h (0.03-0.08 mL/min) have commonly been observed, and
flow is not constant during the course of a day (5).

The diameter of the peritoneal component of the shunt sys-
tem is 1.2 mm with a cross-sectional area of 1.13 mm?2. At 20
mL/h, contrast material would travel 88 cm in 3 minutes, con-
sistent with rapid shunt clearing observed in healthy children.
At 2 mL/h, contrast would travel 8.7 cm in 3 minutes, or 34
cm in 12 minutes.

Guided by these observations in adults, along with the pub-
lished shuntogram experience in children, we chose 12 minutes
as the upper limit of normal for demonstrating spontaneous
flow and a functioning shunt in our adult patients. Spontaneous
shunt flow was observed when contrast material was seen
flowing down the proximal end of the shunt tube, usually cou-
pled with the observation of progressive dilution of contrast
within the valve. The shuntogram was labeled functioning and
normal if CSF could be withdrawn from the valve and if ev-
idence of spontaneous forward flow of contrast was demon-
strated within the first 12 minutes. Free peritoneal spillage
should be identified in patients with functioning ventriculo-
peritoneal shunts.

The abnormal shuntogram can reveal several different shunt
problems: 1) ventricular catheter obstruction or valve mal-
function is suspected if CSF cannot be freely withdrawn from
the valve; 2) valve malfunction is present when contrast ma-
terial freely refluxes from the valve reservoir into the ventric-
ular system; 3) valve malfunction with inappropriate valve re-
sistance or incomplete obstruction of the shunt system is
suggested when contrast material does not empty from the
shunt spontaneously but the system can be cleared after pump-
ing the valve; 4) peritoneal obstruction of the distal catheter is
suspected if free spillage of contrast into the peritoneal cavity
is not present or if inappropriate peritoneal or viscera accu-
mulation of contrast materia is identified; and 5) complete
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Fic 1. Aand B, Patient 2.

A, A 25-gauge needle is placed in the
valve component of a Cordis Unishunt
ventriculoperitoneal shunt (closed arrow).
A shunt reservoir is seen just proximal to
the valve (open arrow).

B, Contrast material is injected into the
valve (closed arrow). A shunt reservoir is
again seen proximal to the valve (open
arrow).

C-G, Patient 6.

C and D, 3-minute films show contrast
material in the Cordis Unishunt system
(arrow).

E and F, 12-minute films show forward
motion of the contrast material in the tube
(arrow) with slight early peritoneal spillage
(arrowhead). Redundant coiling of the peri-
toneal component is present with occa-
sional catheter overlap noted.

G, 15-minute film of the abdomen after
pumping the valve shows clearing of con-
trast material from the shunt tube and free
spillage into the peritoneal cavity (arrow).
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RADIOGRAPHIC SHUNTOGRAM

Shunt type, imaging results, and surgical findings in patients undergoing a shuntogram
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Shuntogram Results

Patient Shunt Valve Normal/ CSF Spontane-
No. Type Pressure Abnormal Withdrawal  ous Flow Post Pump Clearing Findings at Surgical Revision
1 CU-VP MP Abnormal Abnormal No No Proximal and distal occlusion
CU-VP MP Abnormal Normal No Abnormal collection Distal obstruction
2 CU-VP LP Abnormal Normal No Yes Valve malfunction
CU-VP LP Abnormal Normal No Yes Vave malfunction
3 CU-VP MP Abnormal Normal No No Distal occlusion
4 CU-VP MP Abnormal Abnormal No No Disconnection
5 HV-VP MP Abnormal Abnormal No Yes Shunt infection
6 CU-VP LP Normal Normal Yes Yes cee
7 HV-VP LP Abnormal Normal No Yes Valve malfunction
8 CU-VP MP Abnormal Normal No Not obtained Vave malfunction
CU-VP MP Normal Normal Yes Yes
9 HV-VP MP Normal Normal Yes Yes s
HV-VP MP Abnormal Normal No Yes Vave malfunction
HV-VP MP Abnormal Normal No Yes Valve malfunction
10 CU-VP MP Abnormal Normal No Yes Valve malfunction
11 HV-VP MP Normal Normal Yes Yes s
HV-VP MP Abnormal Normal No No Distal occlusion
HV-VP MP Abnormal Normal No Yes Valve malfunction
12 CU-VP LP Abnormal Normal No Yes Vave malfunction
13 HV-VP MP Abnormal Normal No Yes Valve malfunction
14 CU-VP MP Abnormal Normal No Not obtained Valve malfunction
CU-VP MP Abnormal Normal No Abnormal collection Distal occlusion
15 DV-VA LP Abnormal Normal No Yes Elevated right atrial pressure

Note—CU indicates Cordis Unishunt; DV, Delta valve; HR, high pressure; HV, Holter valve; LP, low pressure; VA, Ventriculoatria; valve, valve

malfunctioning; VR Ventriculoperitoneal.

distal obstruction is present if contrast material cannot be
cleared from the tube after pumping the valve.

The radiographic shuntogram was performed on 23 occa-
sions in 15 adult patients to evaluate ventricular shunt flow
and patency. Patients with ventriculoperitoneal shunts had ei-
ther a Cordis Unishunt (Cordis, Miami Lakes, FL) or Holter
valve (Codman, Johnson & Johnson, New Brunswick, NJ) in
place for CSF diversion. In a single individual, a Delta valve
(Medtronics-PS Medical, Goleta, CA) ventriculoatrial shunt
was present. Eight of the patients were women and seven were
men. The age range was 37 to 77 years (average age, 57 years).
All patients presented with clinical problems compatible with
shunt malfunction. Systemic infection was excluded in all pa-
tients before the shuntogram procedure was performed. Patient
2 had two shunts in place and both were studied.

Results

The results are summarized in the Table. In four
instances, spontaneous shunt flow was documented
and these shunts were not surgically revised. In all
four patients, progressive dilution of contrast ma-
terial was noted in the valve. Contrast agent was
observed moving down the proximal shunt tube
during the course of filming, with tapering and di-
lution of the contrast column secondary to mixing
of inflowing CSF and residual contrast material in
the valve. The tapered dilution effect typically ex-
tended from the valve overlying the skull to the
neck. This tapered dilution allowed documentation
of forward flow of CSF but did not allow an ac-
curate quantification of flow rate. In two of the four
patients with functioning shunts considered normal,
the shunts have remained in place and have not

required revision 2 years (patient 6) and 5 years
(patient 8) after the shuntogram procedure. In one
of the patients in whom the shuntogram was con-
sidered normal, shunt revision was subsequently re-
quired 3% years after the procedure. In the other
patient with a normal shuntogram, shunt revision
was ultimately performed 2 years after the proce-
dure. No complications were encountered from the
shuntogram procedure.

The shuntogram was abnormal with slow or ab-
sent flow into the peritoneal cavity in 19 studies.
In al 19 instances, the shunt system was revised
with excellent results. The most common shunt
problem encountered was valve malfunction (11
studies) with the shuntogram demonstrating ab-
sence of spontaneous flow but free CSF withdrawal
and shunt clearing after pumping at 15 minutes
(Fig 2). Distal shunt occlusion with absent post
pump clearing occurred in three instances and dis-
tal obstruction caused by peritoneal adhesions with
an abnormal distal CSF collection was observed in
two studies (Fig 3). In the ventriculoatrial shunt
system, spontaneous anterograde flow did not occur
on the shuntogram and elevated right atrial pres-
sures were found at the time of shunt revision.

Discussion
A ventriculoperitoneal or ventriculoatrial shunt
is placed for diversion of CSF in the presence of
an obstructed ventricular system or normal pressure
hydrocephalus. The shunt consists of several com-



724 BARTYNSKI

Fic 2. Patient 2 (with a Cordis Unishunt system).
A, 12-minute film at the level of the valve shows contrast material in one of two ventriculoperitoneal shunts but no forward motion of
contrast agent (arrows). Shunt flow at this point is abnormal.
B, After pumping, the contrast material has cleared from the tube and is seen freely spilling into the peritoneal cavity (arrow). The
shunt valve was functioning improperly in this patient and required replacement.
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Fic 3. Patient 1 (with a Cordis Unishunt system). 15-minute post pump abdominal film shows encystment of contrast material at the
peritoneal end of the drainage catheter (arrow). Abdominal adhesions were lysed and the peritoneal catheter repositioned.

ponents:. ventricular catheter, shunt valve, and distal
peritoneal or atrial catheter. A ventricular reservoir
is occasionally added for CSF access, and angled
or straight connection hardware is used to connect
the components. The shunt valves are unidirection-
a check valves, available in several degrees of re-
sistance: low pressure (2-5 cm H,0), medium pres-
sure (5-9 cm H,0), and high pressure (10—15 cm
H,0). Medium-pressure systems are the most
typical.

Ventriculoperitoneal shunt malfunction is a com-
mon complication of shunt placement (9). In one
comprehensive actuarial study, the rate of shunt
failure after 1 year was 30%, and 50% of shunts
required some form of revision within 6 years of
placement (10). This may depend on the type of
shunt used as well as the location of the ventricular
catheter (11). The confident diagnosis of ventricu-
loperitoneal shunt malfunction is adifficult and im-
portant problem.

Shunt malfunction is caused by ventricular cath-
eter obstruction, valve malfunction, distal catheter
obstruction, pressure mismatch, or component dis-
connection. Shunt infection also causes obstruction,
most likely as aresult of the accumulation of debris
within the shunt system. Patients with shunt mal-
function present with nonspecific neurologic
changes, such as fever, headache, nausea, and vom-
iting. These symptoms clearly overlap with typical
viral syndromes.

Ventricular catheter obstruction accounts for ap-
proximately 40% to 56% of shunt failures, with
peritoneal obstruction accounting for approximate-
ly 14% to 33% (9). Multiple site obstruction also
occurs. Valve obstruction is considered common,

but statistics are lacking. Shunt infection is reported
to range from 3% to 29%, with an average of 10%
to 15%. The frequency of shunt infection appears
to be lower in more recent studies, possibly owing
to the use of perioperative antibiotics (9).

The radiographic shuntogram is a simple non-
emergent examination that can easily be used to
evaluate the flow characteristics of a ventriculoper-
itoneal or ventriculoatrial shunt. Problems such as
ventricular catheter obstruction, valve pressure
choice, and distal catheter obstruction can often be
separated, aiding the neurosurgeon in targeting the
part of the shunt requiring revision. Demonstration
of normal shunt function directs the neurosurgeon
to seek other causes for the patient’s clinical
changes.

The vavogram was originaly introduced by
Amador et al (12) in 1969 to assess shunt patency
in children. With this technique, the ventricular end
of the Holter valve system was assessed by gentle
CSF aspiration, and shunt obstruction and distal
catheter position were evaluated with contrast in-
jection. In early descriptions of the valvogram or
shuntogram technique, larger needles (22-23
gauge) were used to enter the valve, and a variable,
often large (2—8 mL), volume of ionic contrast ma-
terial was injected into the shunt system (12, 13).
Nonionic contrast material was introduced and rec-
ommended with the availability of Dimer-X, since
ventricular reflux was occasionaly encountered
with nonfunctioning incompetent valves (13, 14).
Metrizamide has also been used (15).

Dewey et a (1) described a more standard ap-
proach to the shuntogram technique in children, us-
ing 25-gauge needles to avoid valve damage, a 2-
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mL contrast injection, and specific filming intervals
to follow contrast progression in the shunt system.
Aspiration of CSF after entering the valve was
again used to assess flow from the ventricular com-
ponent of the shunt. Filming was performed during
contrast injection and at 3-minute intervals for up
to 9 minutes to follow contrast progression in the
distal tubing. In their series, norma shunts were
easily aspirated and emptied in 3 minutes. Shunt
systems were considered abnormal if aspiration
was difficult, if contrast failed to clear within 9
minutes, if contrast failed to clear after pumping
the valve, or if an obvious disconnection was pres-
ent. Shunts were considered questionable if clear-
ing required 6 minutes or longer or if clearing oc-
curred in 3 minutes but other problems, such as
kinking, mesothelial sleeve formation, or difficulty
with aspiration or injection, were encountered.

Savoiardo et al (2) expanded this technique to
include children with Pudenz valves as well as
shunts with double-dome reservoirs. They advo-
cated placing only 1.5 to 3 mL of contrast material
into the shunt system and emphasized that exces-
sive injection could overcome distal obstruction.
Contrast progression was again observed with ini-
tial filming, followed by films at 3, 6, and 10 min-
utes, and by post pump films, if required. If clear-
ing of the peritoneal catheter occurred within 10
minutes, the system was considered normal. If
clearing was incomplete at 10 minutes but achieved
after valve pumping, flow was defined as slow.

The shuntogram technique has been used in chil-
dren, but its application in the adult has not been
previously described. While the principles of in-
jecting contrast material into the valve and serid
filming are similar, we believe interpretation of the
shuntogram in adults is different from that in chil-
dren. Children usually require shunt diversion for
obstructive hydrocephalus. In adults, shunts are
more commonly placed for communicating hydro-
cephalus or normal pressure hydrocephalus. Nor-
mal CSF production is approximately 0.3 to 0.4
mL/min (18-24 mL/h, or 500 mL/day) (3). While
this represents normal CSF production, typical flow
rates in adult indwelling shunt systems in asymp-
tomatic patients appear to be more variable (4-7).
Harbert et a (4), using a nuclear medicine tech-
nique, recorded shunt flow rates of 0.04, 0.05, and
0.11 mL/min (2.4, 3.0, and 6.6 mL/h) in three
adults with unobstructed shunts. Hara et a (5), us-
ing a unique electrolysis technique, encountered
variation in shunt flow rates during the course of
the day with low flow rates in three functioning
shunts of 0.05, 0.10, and 0.12 mL/min (3.0, 6.0,
and 7.2 mL/h). Martin et a (7), using MR imaging,
showed slow flow rates in four of seven asympto-
matic adult patients (4 mL/h, 5 mL/h), including
two patients in whom flow rates were below the
measurement threshold of 2 mL/h. These reports
suggest that shunt flow rates in asymptomatic
adults may be slow.
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It would be ideal to establish the normal shun-
togram features in a series of asymptomatic adults
with indwelling shunt systems; however, perform-
ing a shuntogram in asymptomatic patients is not
an acceptable option, since the procedure is mini-
mally invasive and introduction of bacteria could
conceivably occur with resultant shunt infection.
Our data suggest that a normal shuntogram in the
adult is different from that in children. The four
patients with functioning shunts had slow flow
rates but did not require shunt revision at the time
of evaluation. Two of the patients ultimately re-
quired revision 2 and 3% years, respectively, after
being studied, and two remain in place and have
never been revised. In children, the normal shun-
togram features were established when shunt mal-
function was considered in the face of altered men-
tation but rapid flow of contrast materia was
documented (1, 2, 12-15).

MR imaging has been used to confirm shunt
malfunction, but the technique has met with vari-
able success (7, 16—20). Martin et a (7) and Drake
et a (16) used a modified clinical pulse sequence
and a specialy designed shunt coil for optimal
shunt tube signal. Flow within the shunt tubing
could be identified, but slower flow below 2 mL/h
could not be detected, and patient motion limiting
examination utility was occasionally encountered.
Castillo et a (17), using a standard head coil and
a partial flip angle fast-field-echo T1 technique,
was able to identify shunt flow with 0.25 mL/min
(15 mL/h) as the lowest limit of flow tested. In two
of their patients in whom shunt malfunction was
suggested at flow study, no evidence of shunt mal-
function was identified at surgery. Chang (18), us-
ing standard spin-echo imaging and equating signal
intensity with shunt flow speed, demonstrated flow
in clinically placed shunts with a lower limit of
flow detection, calculated at 1.7 mL/h. A similar
lower limit of detectable flow was reported by Nor-
bash et a (19), who used a spin-echo phase-con-
trast technique in vitro. In another specialized in
vitro model, flow was detected and quantified be-
low 2 mL/h (20). The radiographic shuntogram can
demonstrate similar slow flow rates but is also able
to isolate the portion of the shunt system that is not
functioning properly.

It is important to exclude systemic infection be-
fore performing a shuntogram. Theoretically, in-
fected blood by-products could track into the shunt,
establishing infection. In most patients with ventri-
culoperitoneal shunt malfunction, the diagnosis is
difficult, and acute hydrocephalus requiring emer-
gent decompression is not present.

The radiographic shuntogram offers the ability
to isolate the components responsible for malfunc-
tion as well as to obtain CSF for culture to exclude
shunt infection. The technique offers direct visu-
alization of contrast material and CSF flow. Failure
to clear the shunt system after valve pumping ab-
solutely confirms a nonfunctioning system.
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The cost of a radiographic shuntogram compares
favorably with the cost of MR imaging or a nuclear
medicine shunt study. The radiographic shunto-
gram is much faster to perform than the nuclear
study and supplies direct visualization of CSF flow
and patency. Contraindications to the shuntogram
would include systemic infection or a coagulation
abnormality. Allergy to contrast material would
likely require premedication.
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