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Abstract

Lumboperitoneal (LP) shunting is a standard treatment for idiopathic normal pressure hydrocepha-
lus (iNPH), with equivalent efficacy to ventriculoperitoneal (VP) shunting, and it is associated with 
a favorable outcome in approximately 75% of patients with iNPH. Despite the advantages, LP shunt-
ing can result in problems associated with the lumbar catheter, the obstruction of which has not 
been well described. This report presents two cases of LP shunt malfunction caused by lumbar cath-
eter misplacement into the spinal subdural epiarachnoid space (SSES), and by subsequent obstruc-
tion. A 67-year-old man and a 69-year-old woman with iNPH underwent LP shunt placement without 
intraoperative fluoroscopy. Shortly after the surgery, they experienced a temporary improvement of 
their symptoms which was, however, followed by recurrence within a few months. This was sugges-
tive of shunt malfunction. Although shunt pumping tests were normal, shuntography and subse-
quent computed tomography (CT) revealed lumbar catheter misplacement into the SSES. Shunt 
revisions, in which only the lumbar catheters were exchanged, were performed with intraoperative 
fluoroscopy and shuntography. Their symptoms have improved again following the revisions. In the 
present cases, lumbar catheter misplacement into the SSES caused LP shunt malfunction, and shun-
tography and CT were useful to detect the abnormality. Moreover, unrecognized lumbar catheter 
misplacement into the SSES might potentially have occurred in some patients considered as “non- 
responders” to LP shunting; hence, shuntography may be useful in those patients.

Keywords:  idiopathic normal pressure hydrocephalus, lumboperitoneal shunt, shunt malfunction, shuntog-
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Introduction

Idiopathic normal pressure hydrocephalus (iNPH) 
is a clinical syndrome characterized by gait distur-
bance, cognitive decline, and urinary incontinence. 

iNPH affects patients’ daily-life activities and 
decreases their quality of life. The prevalence of 
iNPH is estimated to be 1.1%–2.1% in elderly 
people,1,2) and the number of patients is increasing 
in line with an increasingly aging society. Accord-
ingly, the clinical importance of iNPH is increasing, 
as it represents a treatable disease in elderly patients.

Recently, lumboperitoneal (LP) shunting has become 
a standard treatment for iNPH alongside ventricu-
loperitoneal (VP) shunting. An equivalent efficacy 
of LP shunting compared to VP shunting for iNPH 
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has been suggested by recent prospective studies 
(SINPHONI-2),3,4) and favorable outcomes after LP 
shunting are reported in 75%–81% of patients.3,5,6)

Despite the advantages, LP shunting can be asso-
ciated with unique problems that result from place-
ment of a lumbar catheter, such as difficulties in 
lumbar puncture, delayed catheter rupture, or 
severing of the catheter by the spinous processes. 
To the best of our knowledge, however, lumbar 
catheter obstruction following LP shunt placement 
has rarely been described.

We here present two cases of LP shunt malfunc-
tion caused by misplacement of the lumbar catheter 
into the spinal subdural epiarachnoid space (SSES), 
which resulted in obstruction. In these cases, shun-
tography and subsequent computed tomography 
(CT) were useful to detect the abnormality.

Case Reports

Case 1
A 67-year-old man presented with gait disturbance, 

cognitive decline, and urinary incontinence. The 
results of the Mini-Mental State Examination (MMSE) 
and of the timed 3 m up-and-go test (TUG) were 
16 points and 26.4 seconds, respectively. The total 
score of the iNPH grading scale (iNPHGS)7) was 8, 
and that of each domain was as follows: gait distur-
bance (g), 2; cognitive impairment (c), 3; and urinary 
disturbance (u), 3. Magnetic resonance imaging 
(MRI) showed ventriculomegaly with an Evans’ 
index of 0.38, and disproportionately enlarged 
subarachnoid space hydrocephalus (DESH). A tap 
test transiently improved his symptoms and he was 
diagnosed as having probable iNPH.

LP shunt placement using a Strata NCS LP adjust-
able pressure shunt (Medtronic, Minneapolis, MN, 
USA) was performed without intraoperative fluoros-
copy. In this procedure, a Tuohy needle was inserted 
by a median approach, and, at the fifth needle 
insertion, cerebrospinal fluid (CSF) outflow through 
the needle was confirmed. Subsequently, a lumbar 
catheter was advanced smoothly through the needle 
and CSF outflow through the catheter was also 
confirmed. His symptoms improved shortly after the 
surgery, namely, the results of the MMSE, the TUG, 
and the iNPHGS were, respectively, 21 points, 10 
seconds and 4 (g 1; c 1; u 2) one week after the 
shunting. However, his symptoms reappeared 3 
months later, the score of iNPHGS declined to 6 (g 
2; c 2; u 2), and he did not respond to adjusting the 
pressure settings from performance level 1.5 to 1.0. 
Although shunt malfunction was suspected, the brain 
MRI and shunt device X-ray did not show any 
abnormalities and the shunt pumping test was normal.

We then performed shuntography. By puncturing 
the reservoir with a 27-gauge needle, we could not 
aspirate CSF. Subsequently, we injected the water-sol-
uble nonionic iodinated contrast agent iohexol (Omni-
paque 240 mg I/mL i.e., 518 mg iohexol/mL, GE 
Healthcare, Marlborough, MA, USA). The medium 
flowed through both the lumbar and the peritoneal 
catheter without obvious obstruction. In the spinal 
canal, however, it pooled without diffusion (Fig. 1A). 
Subsequent CT revealed both pooling of the contrast 
medium and presence of the tip of the lumbar cath-
eter in the SSES (Fig. 1B and 1C). Thus, the catheter 
seemed to be inserted via the ventral side of the thecal 
sac into the SSES (Fig. 1D). We concluded that lumbar 
catheter misplacement caused the shunt malfunction, 
and we proceeded to revise the shunt system. Under 
fluoroscopy, we exchanged only the lumbar catheter 
via a paramedian approach, using the same shunt 
valve, and the catheter position was confirmed by 
intraoperative shuntography. After the revision, his 

Fig. 1  Imaging studies of case 1. Shuntography shows 
pooled contrast medium without diffusion in the spinal 
canal (A). Subsequent CT shows pooled medium (arrow-
heads) and a misplaced lumbar catheter (arrow) in the 
SSES (B and C). The lumbar catheter appeared to be 
inserted into the SSES via the ventral side of the thecal 
sac because of deep puncture (D). CT: computed tomog-
raphy, SSES: spinal subdural epiarachnoid space. 
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symptoms improved again and his iNPHGS score was 
3 (g 1; c 1; u 1) two years after the revision.

Case 2
A 69-year-old woman presented with gait distur-

bance and urinary incontinence. The results of the 
TUG, the MMSE, and the iNPHGS were 15.2 seconds, 
30 points, and 6 (g 2; c 1; u 3), respectively. MRI 
showed ventriculomegaly and the Evans’ index was 
0.39 without DESH. A tap test transiently improved 
her symptoms and she was diagnosed as having 
probable iNPH.

She underwent LP shunt placement using a Strata 
NCS LP adjustable pressure shunt. As with case 1, 
this surgery was performed without intraoperative 
fluoroscopy. A Tuohy needle was inserted via a 
median approach, and, at the first needle insertion, 
CSF outflow through the needle was confirmed. A 
lumbar catheter was advanced smoothly through 
the needle and CSF outflow through the catheter 
was also confirmed. Her symptoms improved shortly 
after the surgery, and the iNPHGS score had decreased 
to 4 (g 2; c 0; u 2) one month after surgery. However, 
her symptoms gradually worsened, leading to an 

iNPHGS score of 6 (g 2; c 1; u 3) seven months 
after the initial surgery. The pressure setting of the 
shunt valve was gradually lowered from performance 
level 2.0 to 0.5 but her symptoms did not improve. 
Although shunt malfunction was suspected, cranial 
CT and shunt device X-ray did not show any abnor-
malities, and the shunt pumping test was normal.

We performed shuntography. By puncturing reser-
voir with a 27-gauge needle we could not aspirate 
CSF. Subsequently, we injected the contrast agent 
iohexol (Omnipaque 240 mg I/mL). The medium 
flowed through both the lumbar and the peritoneal 
catheter without obvious obstruction, and it spread 
partially in the spinal canal (Fig. 2A). Subsequent 
CT revealed both pooling of contrast medium and 
presence of the tip of the lumbar catheter in the 
SSES (Figs. 2B and 2C). Thus, the catheter appeared 
to be inserted into the SSES via the lateral part of 
the thecal sac (Fig. 2D). As with case 1, revision 
of the LP shunt was performed. Under fluoroscopic 
guidance, we exchanged only the lumbar catheter 
via a paramedian approach using the same shunt 
valve, and the catheter position was confirmed by 
intraoperative shuntography. After the revision, her 
symptoms ameliorated and the iNPHGS score was 
5 (g 2; c 1; u 2) nine months after the revision.

Discussion

We describe two cases of LP shunt malfunction 
caused by lumbar catheter misplacement into the 
SSES. Shuntography and subsequent CT were useful 
to detect the abnormality.

Lumbar catheter misplacement into the SSES and 
consequent obstruction can cause LP shunt malfunc-
tion. Lumbar catheter obstruction following LP shunt 
insertion has rarely been reported. In a previous 
report of 51 LP shunts, two cases of lumbar catheter 
misplacement into the SSES were mentioned; 
however, the details were not described.6) In other 
procedures involving lumbar catheterization, two 
cases of intrathecal drug delivery failure and a case 
of epidural anesthesia failure with catheter misplace-
ment into the SSES were reported.8,9)

According to anatomical reports, the SSES was 
usually non-existent due to adherence of the dura 
and arachnoid mater10); however, the lumbar punc-
ture separated the layers and created the space.11) 
In the present cases, the symptoms temporarily 
improved for a few months after the shunt was 
inserted despite lumbar catheter misplacement into 
the SSES. The improvement interval might corre-
spond to the repair time of these membranes. Another 
possible explanation for the improvement interval 
is the occurrence of CSF leakage. CSF leakage is a 

Fig. 2  Imaging studies of case 2. Shuntography shows 
pooled contrast medium without diffusion in the spinal 
canal (A). Subsequent tomography shows pooled medium 
(arrowheads) and a misplaced lumbar catheter (arrow) 
in the SSES (B and C). The lumbar catheter appeared 
to be inserted into the SSES via the lateral part of the 
thecal sac because of lateralized puncture (D). SSES: 
spinal subdural epiarachnoid space. 
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pathological condition well known to occur after 
lumbar puncture, and it may lead to temporary 
improvement of clinical symptoms after LP shunting.

Shuntography and subsequent CT revealed the 
lumbar catheter misplacement. To provide more 
detail, shuntography showed shunt patency and 
abnormal distribution of injected contrast medium 
in the spinal canal, and subsequent CT showed 
both pooling of the contrast medium and presence 
of the catheter tip in the SSES. In this condition, 
CSF could not be aspirated via the shunt reservoir, 
although contrast medium could be injected. Shunt 
contrast studies are recommended by Japanese 
guidelines for iNPH in those patients with a suspi-
cion of shunt obstruction.1) In the present cases, 
shunt pumping tests could not detect shunt malfunc-
tion. This is consistent with the fact that the 
sensitivity of the shunt pumping test to detect 
shunt malfunction has been reported to be only 
approximately 20%.12)

Intraoperative fluoroscopic guidance and shun-
tography were useful in the revision of the shunt. 
Although intraoperative shuntography was reliable 
to confirm the catheter tip position, we do not 
perform it in all patients, because the use of contrast 
medium presents some risks such as allergic reac-
tions. Following the above-mentioned conditions, 
we would recommend using this procedure in 
patients with suspicion of lumbar catheter misplace-
ment, as indicated by slow CSF outflow or resis-
tance to lumbar catheter insertion. In most patients, 
we perform LP shunting without intraoperative 
fluoroscopy.

In the present cases, despite confirmation of CSF 
outflow through the lumbar catheter, misplacement 
of the lumbar catheter had occurred. In other words, 
the presence of CSF outflow does not indicate an 
appropriate placement of the lumbar catheter. 
However, smooth CSF outflow from a lumbar cath-
eter is still regarded as a marker of an appropriate 
placement. Therefore, one should observe it carefully. 
Unfortunately, further details of CSF outflow were 
not recorded in these cases. In future research, it 
could be interesting to analyze potential differences 
in CSF outflow between correctly placed and 
misplaced catheters.

In previous research related to LP shunting with 
intraoperative fluoroscopy, no occurrence of lumbar 
catheter obstruction was reported.13,14) Considering 
the results of these reports, intraoperative fluo-
roscopy may reduce the risk of this complication 
through avoiding deep or lateralized lumbar 
puncture.

Although the present patients experienced 
improvement of their symptoms after the initial 

LP shunting despite lumbar catheter misplacement 
into the SSES, it is unknown whether all such 
patients experience symptom improvement after 
surgery. The favorable outcome rate after LP shunting 
has been reported to be approximately 75%.3,5,6) 
Unrecognized lumbar catheter misplacement into 
the SSES might potentially have occurred in some 
patients considered “non-responders” to LP shunting, 
Hence, shuntography may be useful for these 
patients. Further studies should be performed to 
investigate this.

In conclusion, our findings reveal that lumbar 
catheter misplacement into the SSES can cause LP 
shunt malfunction. Shuntography and subsequent 
CT were useful to detect the abnormality. One must 
pay particular attention during surgery to avoid 
lumbar catheter misplacement in LP shunting.
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