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ABSTRACT

Objective: Idiopathic intracranial hypertension (ITH) is a syndrome characterized by increased intracranial pressure (ICP)
in the absence of an identifiable cause, and if untreated, can result in permanent vision loss. In symptomatic ITH patients,
cerebrospinal fluid (CSF) diversion can lower ICP and protect vision; however, currently used CSF diversion systems are
prone to malfunction in this population.

Materials and Methods: In two IIH patients with histories of numerous prior shunt revisions that presented with proximal
ventriculoperitoneal shunt malfunction, ICP reduction was achieved by an alternative surgical cerebrospinal fluid (CSF)
diversion technique: Fluoroscopically guided, percutaneous placement of a catheter in the premedullary cistern and
subsequent connection to the valve and distal shunt system.

Results: Postoperatively, both patients’ papilledema resolved, headaches improved, and the shunts were working well at
3-month follow-up. At 1-year follow-up, one patient was well without papilledema or symptom recurrence, and the second
patient had the shunt system removed by an outside surgeon.

Conclusion: This technique may hold promise as an alternative shunting strategy in IIH patients with numerous proximal
shunt failures or who are poor candidates for ventricular and lumbar shunts.

KKey words: Cerebrospinal fluid, cervical vertebrae, cerebrospinal fluid shunts, idiopathic intracranial hypertension,
pseudotumor cerebri

Introduction

Idiopathic intracranial hypertension (IIH) also known as
pseudotumor cerebri is a condition characterized by increased
intracranial pressure (ICP) with normal cerebrospinal
fluid (CSF) composition occurring in the absence of large
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ventricles or an explainable cause. For patients failing lifestyle
modification and medical therapy, insertion of a CSF shunt can
improve papilledema and halt visual decline. However, both
ventriculoperitoneal (VP) and lumboperitoneal (LP) shunts
are prone to malfunction in this population necessitating
surgical revisions. We report two cases of CSF shunting in
ITH patients through percutaneous insertion of a premedullary
cistern catheter, connection to programmable valve and distal
shunt system. To the best of our knowledge, one previous
report from 1977 describes a similar CSF diversion strategy.”

Surgical Method

The patient is positioned supine position with the head
resting on a horseshoe shaped head holder. The neck is kept
in a neutral position. The retro-auricular region is shaved and
then the neck, chest and abdomen are prepped and draped in
a standard fashion. Two sterilely draped C-arm fluoroscopic
machines are positioned to obtain anteroposterior (AP) and
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lateral images of the C1 and C2 vertebrae [Figure 1a]. It is
important to obtain true fluoroscopic AP and lateral views.
The skin incision site is identified on lateral fluoroscopy at
the C1-C2 interlaminar space [Figure 1b]. A 1 cm skin incision
is made at the puncture site and dissected to a depth of 1cm.
A 14-gauge X9-cm Tuohy needle (Integra Neurosciences,
Plainsboro, New Jersey) is placed in the incision. Under AP/
lateral fluoroscopy, the needle is advanced toward the spinal
canal. As the needle nears the dura, it should be advanced
under live AP/lateral fluoroscopy to ensure puncture at the
appropriate site: On the lateral plane, between the C1 and C2
lamina at the junction of the anterior 2/3 and the posterior
1/3 of the spinal canal [Figure 1c and d]. On AP images, the
subarachnoid space is frequently entered when the tip of the
Tuohy needle is very near the midline. Once CSF is encountered,
the needle bevel is rotated cranially, the stylet is removed, and
a hermetic closed-tip lumbar catheter (Integra Neurosciences
Plainsboro, New Jersey) with an indwelling guide wire is
inserted through the Tuohy needle. The catheter is advanced
under fluoroscopic guidance until reaching the caudal clivus
[Figure 1c and d]. The Tuohy needle is then removed over
the catheter [Figure 1le], and then the internal guide wire
is carefully withdrawn. The drain tubing is anchored to the
cervical subcutaneous tissue using an encircling plastic clip
provided in the lumbar drain kit.

A second horizontally oriented skin incision is then made
below the clavicle and a superficial pocket, not deeper than
1 cm, is made for the programmable valve [Figure 1f]. The
cervical tubing is then tunneled from the cervical to the chest
incision. A step-up connector is used to connect the smaller-
than-usual proximal tubing to the valve. A standard distal
shunt catheter is then tunneled, connected to the distal end
of the valve. If the system is draining properly, the distal
catheter is inserted into the peritoneal or pleural cavity in
the usual fashion.

lllustrative Cases

Case 1

A young obese female with a history of IIH and numerous VP
shunt revisions presented with constant severe headache,
papilledema and visual changes. A computed tomography
(CT) demonstrated slit ventricles. Appropriate counseling and
informed consent were obtained prior to surgical intervention.
The patient underwent surgical exploration of the shunt and
was found to have unreliable, position-dependent flow through
the proximal catheter suggesting intermittent obstruction,
possibly due to collapsed slit ventricles. The proximal catheter
and valve were removed. Using the technique described in this
report, a C1-C2 puncture was performed, and a premedullary
cistern drain was placed and connected to a Codman Hakim
programmable valve below the clavicle. Due to her complex
abdominal surgical history, the distal end of the new valve was
connected to the existing functional peritoneal catheter. The
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patient’s headaches improved, and her papilledema resolved
post-operatively. At 1-year follow-up, she continued to do
well without recurrence of severe headaches or papilledema.

Case 2

A young patient with a history of IIH, schizoaffective
disorder and multiple prior shunt revisions, presented with
incapacitating headaches, declining vision and papilledma.
The patient had a pleural shunt because of numerous previous
abdominal surgeries, including a bowel injury. A head CT
demonstrated small ventricles and a shunt tap revealed no
proximal flow. After appropriate counseling and informed
consent had been obtained, surgical exploration revealed a
proximal shunt failure. The ventricular catheter was removed,
and a premedullary cisternal shunt was placed and connected
to a programmable valve, and subsequently connected to
the existing pleural distal catheter [Figure 2]. The patient’s
papilledema and visual symptoms completely resolved, but
he experienced contralateral neck pain for several weeks
post-operatively.

Post-operative course

The patient did well for 3-months, but returned with
low-pressure like, positional headaches and small convexity
subdural hygromas on CT, presumably from over-drainage of
CSE His Hakim shunt valve pressure setting was increased from
90 to 110, the symptoms improved, and he was discharged.
However, 2 weeks later, he returned to an outside hospital
complaining of recurrent headaches. An outside surgeon was
unable to adjust the valve, and replaced the Hakim valve
with a high-pressure valve. The patient was subsequently
found to have a long history of chronic narcotic seeking
behavior. One-month after the high-pressure valve was placed,
the patient returned to an outside surgeon complaining of
continued headaches. Brain CT showed improvement in the
subdural hygromas. The surgeon did an LP with an opening
pressure of 18, and then explored the C1-C2 shunt valve;
however, the proximal catheter was inadvertently pulled
out of the subarachnoid space, and thus the system was
removed. Ultimately, a new VP shunt was placed, the hygromas
eventually resolved, the severity of his headaches improved,
but his baseline daily headaches continued.

Discussion

Idiopathic intracranial hypertension, also known as pseudotumor
cerebri, is a condition of raised ICP without a known underlying
cause. Headache is the most common presenting symptom, and
visual deterioration is the most serious consequence.®” Patients
often undergo CSF diversion procedures to lower ICP and protect
vision.*#1% The two most commonly performed CSF shunting
procedures are VP and LP shunts; however, both types of shunts
have disadvantages in the IIH patient population. For VP shunts,
the typical small ventricles of ITH patients can make ventricular
catheter placement difficult and predispose the system to
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Figure 1: (a) Operative set-up with sterile biplane fluroscopy set around patient. (b) Localization of needle entry point and trajectory with lateral
fluroscopy. (c) Intraoperative image of the Tuohy needle (arrow) entering the dorsal 1/3 of the spinal canal. The catheter is aimed rostrally with
the tip resting in the inferior 1/3 of the clivus. (d) Tuohy needle in the spinal canal, catheter directed upward and the tip resting in the contralateral
perimedullary cistern (magnified). (e) Removal of Tuohy needle post-catheter placement. Shunt passer crosses from subclavicular incision (left)
to the post-auricular incision (arrow) for proximal tunneling. (f) Valve placement into subclavicular subcutaneous pocket

Figure 2: (a) Post-operative sagittal computed tomography
reconstruction showing the catheter (arrow) in the generous
subarachnoid space of the premedullary cistern. (b) Post-operative
anteroposterior chest X-ray showing the placement of the shunt valve
in the infraclavicular chest wall (arrow) and distal shunt tubing in the
interpleural space (case number 2)

malfunction.** LP shunts are effective at lowering ICP in ITH
patients,*'3 but they have high-malfunction rates, up to 85%
in one series.'>1%1>1 In addition, LP shunt case series have
reported a unique type of complication: Spinal CSF over drainage
that may result in a secondary Chiari malformation, thoracic
syrinx, and even hindbrain herniation and death.?*'” Given
the limitations of VP and LP shunts in the setting of IIH, better
CSF diversion strategies would be welcome for this population.

Five authors have previously described open surgical
placement of subarachnoid shunt catheters into the cisterna

Figure 3: An artist’s depiction of the course a perimedullary shunt
system takes from the perimedullary subarachnoid space to the
peritoneal cavity

magna or cervical subarachnoid space under direct vision.!'®?
The three largest cisternal shunt placement series reported
a high rate of shunt revision, wound infections, and several
cranial nerve palsies."®*? In 1977, Spetzler et al. described
fluoroscopically guided needle puncture at C1-C2, placement
of a shunt catheter in the intracranial cisterns and distal CSF
drainage to the cardiac atria in 6 patients.? They reported no
procedural complications and one distal catheter malfunction
14 months post-procedure. In complicated IIH patients, we
propose to explore a similar shunting technique, but with the
addition of modern programmable valves [Figure 3].
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Although uncommonly employed, CSF drainage of the
premedullary cisterns could have several advantages to VP
and LP shunts in IIH patients including A small catheter in
generous CSF spaces leading to fewer proximal malfunctions
than ventricular catheters. Compared with lumbar catheters,
there is a smaller hydrostatic pressure column in premedullary
cistern when the patient is upright, thus potentially decreasing
the propensity for positional over-drainage.*? However,
there are also potential disadvantages of premedullary cistern
shunts including: The small risk of cervical spinal cord or
vertebral artery injury during placement, cranial nerve
irritation, the need for intra-operative biplane fluoroscopy,
and unproven shunt durability.

The safety of the lateral C1-C2 approach to the cervical
subarachnoid space has been established in the cervical
myelography literature; yet, there is little data regarding
the safety of cervical cisternal catheter placement. A large
survey by Robertson and Smith including 55,419 myelograms
performed via C1-C2 puncture reported a complication rate of
0.045%.2" In 2011, Farhat et al. reported no complications in
a series of 24 cisternal catheters placed via C1-C2 puncture
for temporary CSF diversion.?® Of the >70 C1-C2 temporary
CSF drainage catheters placed at our institution from 2006
to 2013, there was one complication: An angiogram negative
subarachnoid hemorrhage after catheter removal. Although
literature on this topic is limited, properly trained physicians
can place cisternal shunts with low-complication rates.2*3

Our two IIH cisternal shunt patients each had small lateral
ventricles, multiple previous abdominal surgeries, numerous
proximal VP shunt catheter failures, papilledema, and elevated
ICP in the setting of acute shunt malfunction. In both patients,
proximal ventricular catheter malfunction was confirmed
at surgery, and it was felt prudent to avoid placing another
proximal catheter in small lateral ventricles. Similarly, LP shunt
placement was undesirable in the face of multiple previous
abdominal surgeries. The premedullary cistern shunts placed
in these two patients were working at 3-month follow-up, and
the papilledema resolved in both patients. Patient number 1
remains at her baseline at 1-year follow-up. However, patient
number 2 had a low valve setting at shunt placement, the
system was over-draining, another surgeon had difficulty
adjusting the shunt valve settings and the C1-C2 shunt was
ultimately removed. The authors feel that patient number 2’s
shunt was likely draining at the time of removal and that the
pertinent questions are as follows: (1) Would the over-draining
have been halted by simply dialing the Hakim valve to a
high setting, thus avoiding revision altogether? (2) Did the
system need an anti-siphoning device? (3) Did the pleural
location of the distal catheter contribute to siphoning during
the repetitive negative intra-thoracic pressure of inspiration,
contributing to over draining? The answer to these questions
remains unclear. Despite the two good short-term outcomes
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and one good outcome at 1-year, we reserve this shunting
strategy for patients where ventricular and lumbar shunts
are difficult, undesirable or contraindicated.

Conclusions

In patients IIH needing CSF diversion that are poor candidates
for ventricular or lumbar cistern shunt placement, we
propose an alternative shunting strategy: Fluoroscopically
guided premedullary cistern shunt placement with distal
catheter placement in the peritoneum, or atria. Although
this shunting technique is feasible, more experience and
longer follow-up is needed to assess the long-term safety,
efficacy, and durability.
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