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Intrathecal Pumps
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Summary: Direct neuroaxis drug delivery has expanded the phy-
sician’s armamentarium to provide treatment options to those who
have failed more conservative interventions. Starting from Bier’s
‘cocainization of the spinal cord’ in 1898, direct nervous system
pharmacy delivery has long been recognized as an effective means
to treat pain. Intrathecal pump systems are now commonplace in
the management of numerous pain states, as well as of neuromus-
cular sequelae of central nervous system injury. There has been
much advancement in the physiologic and pharmacologic under-
standing of direct neuromodulation, providing a growing number

of treatment options depending on the specific disease state. As
well, surgical techniques and catheter systems have undergone
refinements providing improved long-term safety and efficacy.
We present a review of the historical evolution to current intra-
thecal therapies, as well as a dialog regarding patient selection,
drug options, and side effects. Also, included is a discussion of
surgical techniques, current delivery options and complications
concerning pump placement. Key Words: Intradural narcotics,
intrathecal narcotics, intraventricular drug delivery, neuro-
pathic pain, nociceptive pain.

INTRATHECAL THERAPIES

Intrathecal drug delivery has evolved into a therapeu-
tic modality available to those who have failed more
conservative interventions. Initially reserved for those
suffering from debilitating malignant pain or severe
spasticity, clinical indications continue to expand for this
form of neuromodulation. From these initial indications,
direct delivery of drug to the neural axis has proven to be
adaptable to other pathologic states as well. This article
offers a review of both intrathecal (IT) pain and spastic-
ity management, with a brief review of newly developing
therapies. Also included is a discussion of pump systems,
as well as surgical techniques and strategies.

Intrathecal pain management

John Milton wrote in Paradise Lost that “pain is per-
fect miserie, the worst of evils, and, excessive, overturns
all patience.” The sensation of pain is something that
unites all persons and forgets none, although the resil-
ience of certain types of pain to traditional therapeutics
has fostered the need for other modalities. The physi-
cian’s medical armamentarium to treat pain is extensive
and in many cases effective with traditional routes. When
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oral or parenteral routes provide insufficient relief, anal-
gesics may be delivered directly to the central nervous
system.

The obvious advantage of this method is that direct IT
delivery of morphine yields a much increased relative
strength of drug compared to its oral or intravenous
equivalent. Finding the true ratio of IT to oral morphine
has been challenging, as is reflected in the disparate
conversions in the literature ranging from 12:1 to 300:1."
No matter the equation, the decrease in systemic drug
levels as provided by IT therapy reduces side effects and
practically eliminates undesirable metabolic by-products,
specifically morphine-3-glucuronide (M3G).

August Bier performed ‘cocainization of the spinal
cord’ in 1898, and numerous reports appeared describing
the use of IT phenol for cancer pain throughout the
1960s.> However, it was not until 1976, when Yaksh and
Rudy’ published their animal study on IT morphine for
the management of pain, that neurosurgeons began to
explore this concept in practice. Evidence that direct
neuroaxis morphine delivery dramatically reduced pain
in rats and primates led to human clinical trials and case
reports that showed efficacy in numerous pain states. The
human application was promoted by the fact that direct
IT morphine offered greater control of drug levels and
rapid reversibility, produced fewer side effects, and of-
fered superior pain control for certain refractory pain
types.4
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In the early 1980s, Rico et al.> and Leavens et al.® both
reported satisfactory analgesic effects with minimal side
effects in patients treated with boluses of IT morphine.
Both groups reported moderate to significant pain relief
in a majority of the cancer patients studied (Rico et al.,
78%; Leavens et al., and 66%), using individual IT in-
jections of morphine. This work, along with similar stud-
ies, led to the rapid approval of IT delivery of morphine,
as well as to a search for other types of pain amenable to
IT delivery.

Studies concerning nononcologic chronic pain patients
proceeded, and in 1985 Auld et al.” reported 65% of 43
patients with good to excellent pain control. Numerous
studies of small to moderate size followed, and in 1996
Paice et al.® published a multicenter retrospective study
involving 429 patients, two thirds of whom had a diag-
nosis other than cancer. The overall results in the chronic
pain patients, made up chiefly of failed back surgery
patients, were equal to those of the cancer patients, with
patients having somatic pathology responding better
treated than those whose pain was purely neuropathic.®
(Somatic pain is the dull, achy discomfort arising from
the musculoskeletal system and neuropathic pain is often
burning in nature, resulting from a lesion or injury to the
nerve itself.)

Other studies have offered further support for chronic
pain patients, expanding from morphine monotherapy to
combinations of local anesthetics and alpha-2 ago-
nists.”'? Initially focused on failed back syndrome, in-
dications have now expanded to include complex re-
gional pain syndrome, postherpetic neuralgia and painful
peripheral neuropathy.'!

The rapid advent of IT analgesic delivery required the
technology to support continuous infusion to provide
prolonged, constant levels and to maximize therapeutic
effects while limiting side effects. Early studies de-
scribed individual responses to externally delivered bo-
luses of morphine, not continuous infusion.'? These cre-
scendo—decrescendo delivery methods both exacerbated
side effects and exposed the patients to the greater risk of
infection, as well as CSF leaks. In response, the Shiley
Infusaid pump (Norwood, MA) was used as the first
implantable continuous infusion pump, followed by the
first implantable programmable pump, SynchroMed
(Medtronic, Minneapolis, MN), approved by the FDA in
1991."% Now, including the newest generation pump,
SynchroMed II, more than 50,000 pumps worldwide
have been implanted, with the primary indication now
being nonmalignant, chronic pain. (Specifics regarding
surgical techniques for pump placement will be offered
later in this review.)

Patient selection for intrathecal narcotics
The key to success in any surgical treatment is the
correct assessment of procedure benefit—and avoiding

iatrogenic exacerbation of the patient’s medical condi-
tion. As a rule, patients considered for a neuromodula-
tion procedure should first undergo the full extent of oral
analgesic therapy in the accordance of multidisciplinary
care. Under optimized medical therapy, with concomi-
tant use of both short- and long-acting analgesics, >90%
of patients will attain adequate pain control.'* Only pa-
tients who fail to respond to high-dose systemic medi-
cation administration or those with intolerable side ef-
fects are appropriate for IT management.

Multiple factors must be accurately defined during this
period, including the patient’s psychological history,
support system, pathophysiologic etiology of the pain,
and issues related to secondary gain. Life expectancy is
another important consideration, pertaining more to can-
cer patients. Cost analysis indicates that IT delivery is the
most cost-effective mode of opioid delivery for patients
requiring long-term management for cancer (=3-6
months) and nonmalignant (=11-22 months) pain.'> If
life expectancy is likely to be shorter, external delivery
systems may be simpler, and certainly are less expensive.
Furthermore, surgeons must consider and explain such
possible complications as CSF leaks or infections ex-
tending to and involving the CNS, as well as the need for
continued refills of the pump.

Once the patient has gone through the initial assess-
ment for IT opioids, an IT trial is necessary to determine
if the patient will gain analgesic benefit. This can be done
either by placing a single bolus via lumbar puncture or
(especially in those who have had been on high-dose
opioids for extended periods of time) by means of an
external delivery system that allows continuous, titrat-
able infusion over a predetermined time period. Concom-
itant use of oral analgesics should continue through this
period, because of the possibility that the assessment of
IT response may be confounded by symptoms of narcotic
withdrawal.

After the trial, the patient should be in a monitored
setting with vigilant nursing care, pulse oximetry, and
hourly neurological checks in the event that respiratory
depression should occur. Naloxone should also be readily
available. Given the water-soluble pharmacokinetics of
morphine, onset of action should occur in approximately 30
min to 1 h, with effects lasting 18—24 h.'® Prescribing
clinicians should consider the conversion of oral narcotic
doses to their IT equivalents. Typically, to convert from
the patient’s systemic medication dose, divide by 300 for
oral medication and 100 for parenteral dosing. For ex-
ample, 1 mg of IT morphine a day would be equianal-
gesic to 300 mg of oral morphine or 100 mg given
intravenously.

Although side effects are often reduced in this popu-
lation given the usual chronic history of opioid use, they
can and do occur. Constipation is quite common along
with urinary retention.'” Pruritus is also frequently en-
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countered but most usually abates over 12-24 h. Myoc-
lonus, usually developing over months after the com-
mencement of treatment, may necessitate dose reduction.
Hydromorphone should be considered for patients with
resilient pruritus and has been shown to have a lower
incidence of myoclonus.'® Chronic urinary retention can
typically be relieved by decreasing IT dosing.'” Endo-
crinologic suppression of both male and female sex hor-
mones may also occur, requiring supplementation.?’ Not
uncommonly, persistent dependent edema can also arise
that is not readily amenable to diuretics, and some au-
thors consider pre-existing venous insufficiency to be a
relative contraindication to IT narcotic administration.?’

Many of the early animal studies showing rapid toler-
ance to IT morphine injections are likely due in part to
the large doses given.”” This problem is less likely to
occur in clinical use, because patients rarely require rapid
increases in dosing. Generally speaking, small incre-
ments are needed over months to years and should not
incite concern. Initial efficacy followed by the need for
higher doses over the ensuing weeks to months, how-
ever, should raise the possibility of opioid tolerance, or
perhaps a pump delivery system malfunction.

Whereas morphine, baclofen, and ziconotide (see be-
low) are currently the only agents approved by the U.S.
Food and Drug Administration (FDA) for use in IT
pumps, other narcotic and non-narcotic agents are now
routinely used, both individually and in combina-
tion.>**> Common agents now in use include hydromor-
phone and fentanyl as narcotic alternatives to morphine,
as well as clonidine, bupivacaine, and ziconotide, an
N-type specific calcium channel blocker, for neuropathic
pain syndromes. The reader is referred to the Polyanal-
gesic Consensus Conference statement,>> which outlines
drug selection algorithms and reviews the side-effect
profile of these various individual agents. For example,
practitioners considering IT clonidine should be cogni-
zant of the underlying cardiovascular effects (specifi-
cally, rebound hypertension if therapy is abruptly
ceased).

Intrathecal baclofen

Baclofen, or 4-amino-3-(4-chlorophenyl)-butanoic acid,
is a synthetic pre- and postsynaptic yy-aminobutyric acid
receptor type B (GABAp) agonist. Its receptors are lo-
cated in high concentration of laminas II and III of the
dorsal gray matter horns of the spinal cord.?® The actions
of baclofen are mediated by G-proteins, and the presyn-
aptic binding restricts calcium influx and postsynaptic
binding increases potassium conductance resulting in hy-
perpolarization.””*® Not only does this decrease excita-
tory synaptic release of neurotransmitters such as aspar-
tate and glutamate, but also substance P in nociceptive
afferent nerve endings thought to cause painful flexor

spasms.*’
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Baclofen was originally developed in the 1920s for use
as an antiepileptic. Despite its poor efficacy in seizure
management, observant clinicians noticed a decreased
tonicity in spastic patients being treated for seizures.
Such observations led to abandonment of baclofen for
seizure treatment, and by the 1970s its primary use was
as an oral agent in the management of spasticity. The
effectiveness of oral baclofen, despite ready absorption
through the gastrointestinal tract, is attenuated because
its high hydrophilicity results in very low CNS penetra-
tion. In fact, oral baclofen doses of 30—60 mg yield IT
levels of 12-96 ug. Raising oral levels of baclofen ulti-
mately leads to side effects, most commonly sedation,
but also confusion, urinary frequency, and insomnia. The
next idea was that direct delivery of baclofen to the
neuroaxis, via the thecal sac, could maximize therapeutic
response and also diminish side effects.

In the mid-1980s, Penn and Kroin and colleagues pro-
vided the first report of IT baclofen,*® which was fol-
lowed by a double-blinded study 5 years later involving
adults with spinal spasticity secondary to multiple scle-
rosis or spinal injury.®' Results displayed a decrease in
the Ashworth score (a spasticity rating scale) in all 20
patients of the treatment arm, as well as a reduction of
spasticity in 95%. The first report of a pediatric patient
receiving IT baclofen was published by Dralle et al.*? in
1985, who described the case of a 4-year-old boy ren-
dered spastic from global ischemia after a near-drowning
injury. This was followed by two studies in the early
1990s by Miiller®* and Albright et al.>*, both demonstrat-
ing a decrease in spasticity and dystonia.

Patient selection for intrathecal baclofen

As with the direct neuroaxis delivery for pain manage-
ment, those undergoing consideration for IT baclofen
should undergo maximized oral management under multi-
disciplinary guidance, including specialists in neurology,
physiatry, neurosurgery, and, for some patients, orthopedics
as well. Physical therapy evaluation is necessary to assess
spasticity, with most patients having Ashworth scores of
3—4 or greater in the upper and lower extremities (which
means that spasticity is impeding care, function, or both).
Goals of increased functionality, decreased contractures,
care facilitation, and overall comfort should be discussed, as
well as the need for continued refills of the pump. Contra-
indications to IT catheter placement include poor compli-
ance and unrealistic expectations of the procedure.

Most young children under the age of 4 years respond
well to oral baclofen for moderate to even severe symp-
toms, and pump placement is rarely warranted. Deter-
mining the etiology of the spasticity is critical for ther-
apeutic benefit. Generally speaking, patients with spastic
diplegia secondary to spinal cord injury or familial spas-
tic paraparesis benefit from IT baclofen. Notably, IT
baclofen also displays efficacy in the treatment of pa-
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tients with severe spastic hemiplegia, in whom the spas-
ticity responds well without producing a contralateral
hypotonia.

There is a growing body of work supporting the use of
IT baclofen in patients with spasticity of cerebral origin,
specifically for the moderate to severe diplegic and tet-
raplegic spasticity of cerebral palsy.*>*® For those pa-
tients, typically between the ages of 4 and 10, who have
pure spastic diplegia (i.e., no symptoms of dystonia) with
retained muscle strength and the ability to ambulate,
selective dorsal rhizotomy should be considered as sur-
gical treatment.

Children with dystonia and mixed spasticity from cere-
bral injury also respond well to IT baclofen. Albright et al.*”
reported in 2001 that ease of care and quality of life
improved in 86%, and speech improved in 33% of 77
patients who had undergone pump placement. Secondary
dystonias resulting from brain injury respond better than
does primary syndromal dystonia, which is best treated
with deep brain stimulation.*® Children with hemidysto-
nia often respond in a similar fashion to their spastic
counterparts, displaying good outcomes.

The adult population has also found benefit across a
gamut of spastic etiologies, most commonly after spinal
cord injury, multiple sclerosis, spasticity following isch-
emic stroke, and spondylitic myelopathy.** Ben Smail et
al.** showed good efficacy in multiple sclerosis patients,
with sustained benefit in 64 patients despite an advanced
stage of disease. Other similar studies have displayed
similar efficacy in regard to other spastic causes.

Once the patient or caregivers (or both) understand the
goals of IT baclofen and the patient is deemed to be a good
surgical candidate, it is necessary to perform a trial via a
lumbar tap or placement of a thecal catheter with an exter-
nal pump. For a single-bolus technique, drug is injected in
the operating room and then the patient is watched in the
recovery room until stable. A bolus typically provides max-
imal benefit to the lower extremities at ~60 min, affects the
upper extremities at 2 h, and has maximal affects at 4 h,
with the effects waning at 8—10 h.*'** Using these time
frames, the patient should be assessed by physical ther-
apy, or a member of the surgical team with knowledge of
the Ashworth scale, for clinical improvement. If the pa-
tient has responded to the test injection with diminished
spasticity, he or she is returned the following day for
definitive pump placement. If the patient experienced
any significant lethargy after the bolus, the concentration
of the baclofen solution in the pump should be diluted
accordingly, to allow for appropriate dosing.

The list of side effects with IT baclofen continues to
grow as our experience grows, with reports of 10-75%
of patients having some complication, most of mild se-
verity. These complications can be broken down into two
large subgroupings: those resulting from the drug itself
and those related to the catheter—pump system. Lethargy

is the most common drug side effect, with bradycardia
and respiratory depression occurring less frequently;
these usually can be modulated by titration of drug rate.
There are reports of new-onset seizures after introduction
of the IT baclofen, but nearly all describe patients after
significant head trauma.*® In fact, Buonaguro et al.**
recently reported a reduced seizure rate of 13% in 150
children studied, with two patients worsening and one
experiencing new onset ictus. Additionally, there are
reports of scoliosis exacerbation after IT baclofen.*” The
exact cause-and-effect relationship is not clear; however,
the change in muscle tonicity may be playing a role.

SURGICAL TECHNIQUES

Presurgical planning

The choice of implanted hardware is based on a num-
ber of factors, including the size and weight of the patient
and the expected drug concentration and dose. Most
patients will receive a programmable catheter and pump
system (FIG. 1). Nonprogrammable pumps are available
at lower cost (e.g., Medtronic’s IsoMed pump). These
should be reserved for patients undergoing pump re-
placement, those who have been on stable medication
doses for a long period of time, and those who do not
expect any dose escalations or reductions that would
require complete emptying of the pump and catheter.

A number of different catheters, one- or two-piece, are
available (FIG. 2). The one-piece catheter is simpler to
implant and requires fewer connections, but some prefer
the larger outer diameter of the two-piece proximal cath-
eter and believe it is less prone to kinking or obstruction.
Some have suggested that the two-piece catheter system

FIG. 1. Medtronic SynchroMed Il pump and one-piece suture-
less catheter (photo courtesy of Medtronic, Minneapolis, MN).
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FIG. 2. Medtronic 2-piece catheter system and accessories: InDura free-flow intrathecal catheter model 8711. See http://www.medtronic.
com/neuro/paintherapies/pain_treatment_ladder/drug_infusion/pumps_pump_sel/intrathecal_catheters.html (photo courtesy of Medtronic,

Minneapolis, MN).

is less likely to migrate out of the IT space. Furthermore,
IT catheter revisions are slightly easier with the two-
piece system. Our preference is to use the two-piece
catheter for those patients who are ambulatory or phys-
ically active, with the rationale being that the one-piece
catheter may be more prone to malfunction in active
patients.

The location of the catheter tip depends on the condi-
tion being treated and the medication or medications
used.*® There is evidence that a higher catheter tip loca-
tion can result in improved upper extremity spasticity
scores.*’ For pain treatment, placement of the catheter tip
near the level of the pain may be more important when
using analgesic agents that are lipophilic and penetrate
further and fasting into biological tissue than do hydro-
philic agents.

The pump itself is placed subcutaneously in the ante-
rior abdominal wall, although it can be placed more
laterally or even in the gluteal region if necessary. Prior
incisions, as well as patient preference, may dictate the
most appropriate implant site. The SynchroMed II pump
is available in both 20 mL and 40 mL sizes, selection of
the appropriate size pump should take into account the
patient’s size and weight, as well as the pharmacologic
agent used and the expected refill interval. In particularly
young or thin individuals, subfascial placement of the
pump provides an excellent cosmetic result, with a lower
risk of wound breakdown.*®
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Implant technique

The surgery itself can be performed under general or
local anesthesia, in the lateral decubitus position (FIG.
3). We use fluoroscopic guidance for all our catheter
implants, to assure appropriate placement of the catheter
tip without looping or kinking. The Tuohy needle sup-
plied with the catheter is used to enter the lumbar IT
space via an oblique paramedian approach, which can
facilitate catheter placement and minimize the incidence
of catheter shear compared to placement at the midline
through the interspinous ligament. Once CSF flow is
noted, the catheter is then advanced to the appropriate
level under fluoroscopic guidance. Subsequently, a linear
cut-down is made above and below the needle down to
the lumbodorsal fascia or to the supraspinous ligament.
A nonabsorbable suture is used to fashion a purse-string
suture around the needle entry point, to minimize cath-
eter movement and possible CSF leakage. After remov-
ing the needle and stylet, CSF flow is confirmed at the
catheter tip, the purse-string suture is tied, and CSF flow
is confirmed once again to make sure that the stitch did
not kink the catheter. A silicone elastomer anchor is then
used to anchor the catheter to the fascia.

The pump pocket is then fashioned in the appropriate
location. We make certain that we mark the incision
while the patient is still supine. There can be significant
shifting of the soft tissue, especially in larger patients,
after placing the patient in the lateral decubitus position.
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FIG. 3. Patient positioned in the lateral position and prepped for catheter and pump implantation (photo courtesy of Medtronic,

Minneapolis, MN).

For obese individuals, care must be taken to avoid overly
deep placement of the pump, as it may result in difficulty
refilling. If the placement is subfascial, a plane is devel-
oped between the rectus fascia and muscle using blunt
dissection. The fascial band known as the semicircular
line will need to be divided to ensure an adequately sized
pocket.

Once the pocket has been formed, a catheter passer is
then used to pass the catheter from one incision to the
other. When a two-piece catheter is used, the pieces are
connected, and a plastic strain-relief sleeve is placed over
the connection, which is usually left in the lumbar wound
and anchored to the fascia.

The pump is then prepared appropriately, and may be
placed in a Dacron pouch according to the surgeon’s
preference (although it is important to note that these can
calcify and later impede refilling). The distal catheter is
then trimmed appropriately, leaving sufficient catheter
coiled behind the pump as a strain relief to allow for
normal movement. It is then connected to the pump with
the appropriate connector, which may or may not require
one or more sutures, depending on the particular connec-
tor used. At the conclusion of the case, the pump is
programmed to deliver the appropriate priming dose and
daily dose.

Postoperative management

Postoperative management varies from center to cen-
ter, as some surgeons prefer to leave patients flat in bed
for 24—48 h to minimize the incidence of CSF leakage,
whereas others discharge on the same day. Adjustment of
pump dosing is done according to the individual sur-
geon’s preference.

COMPLICATIONS

Aside from incisional pain, which is usually well tol-
erated, patients may report positional headaches consis-
tent with CSF leakage. Although most of these will re-
solve conservatively, occasionally an epidural blood
patch, performed under fluoroscopy to avoid inadvertent
catheter damage, may be indicated. Transcutaneous leak-
age of CSF through the lumbar wound is an indication
for urgent surgical exploration. The onset of acute non-
incisional type pain may suggest damage to the nerve
roots, spinal cord, or both.*” Pump pocket seromas may
occur; these are usually treated conservatively. CSF col-
lections may be seen following surgery at the catheter
entry site and may track forward to the pump pocket.
Again, conservative management is recommended; these
may resolve over a period of weeks to months. Persistent
CSF collections should require investigation into undi-
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agnosed causes of increased CSF pressure (hydrocepha-
lus, pseudotumor cerebri). Furthermore, one must always
rule out a catheter leak or disconnect as a source of a
postoperative fluid collection. Replacement of the IT
catheter at a different level may be the only way to
eliminate a persistent CSF fistula around the catheter exit
site.

Infection of the implant will usually require device
removal, although a number of authors have reported
successful in situ treatment of infected pumps.’*>!

Malfunction of the drug delivery system is initially a
clinical diagnosis. Confirmation of a malfunction can be
obtained via radiography demonstrating a catheter dis-
connect or breakage. Easy aspiration of CSF via the
catheter access port suggests that the catheter is patent.
Injection of myelographic contrast media can be per-
formed to confirm delivery to the IT space. Aspiration of
the pump reservoir may reveal a larger quantity of drug
than is predicted, suggesting a blockage to flow. Al-
though these and other diagnostic studies can be used as
confirmation of a malfunction, clear clinical findings in
the presence of normal radiographic studies should war-
rant surgical exploration of the system. Abrupt cessation
of IT baclofen therapy can result in life-threatening ba-
clofen withdrawal, with symptoms of hyperthermia,
tachycardia, hypertension, seizures, altered mental sta-
tus, and psychomotor agitation.’>>*> Oral baclofen re-
placement is not always successful, and immediate re-
sumption of IT baclofen delivery via pump revision or
via external catheter may be indicated.

The use of highly concentrated narcotic and non-nar-
cotic analgesics has been associated with the formation
of catheter granulomas, which are inflammatory masses
at the tip of the IT catheter that may cause pain or
neurologic deficit secondary to spinal cord compres-
sion.>*° Clinicians should be alert for new-onset radic-
ular pain with or without sensory and motor deficits in
these patients. Magnetic resonance imaging will demon-
strate the mass at the catheter tip. If the patient has no
significant motor deficit, the granuloma may resolve on
its own if the therapy is discontinued or if the agent is
switched to a lower concentration. Surgical exploration
is thus indicated only in acute neurologic deficit second-
ary to neural compression.

Medication overdose can occur with either opioids or
baclofen, due to injection next to the pump or into the
side port when trying to refill it, or due to changes in
programming. Suspected drug overdose should be
treated with immediate deactivation of the pump and
administration of naloxone for narcotic agents and phy-
sostigmine for baclofen overdose, as well as airway pro-
tection with intubation if necessary. A high-volume lum-
bar puncture will facilitate rapid removal of remaining
drug in the CSF space. Inadvertent subdural (as opposed
to subarachnoid) placement of the catheter and drug de-
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livery, followed by delayed communication between the
two spaces, has been reported as an uncommon cause of
overdose.”’

INTRAVENTRICULAR PUMPS

In selected patients, the placement of an intraventric-
ular delivery system may be considered. If pain is diffuse
(especially in patients with cancer) or involves the upper
body, greater efficacy may be achieved by targeting opi-
oid receptors in the brain.’® The simplest and most com-
monly described technique involves placing a catheter
via a precoronal burr hole into the frontal or lateral
ventricle.>® As is true with intraspinal IT catheters, med-
ication may be administered via bolus injections into a
subcutaneous reservoir, or with the aid of an implanted
pump.®°

Surgical technique of an intraventricular pump system
is equivalent to that of an intraspinal device, with obvi-
ous changes such as the patient being positioned supine.
Surgical complications likewise are in general the same,
especially the risk of infection and the need for device
explantation; to this must be added the small risk of
intracerebral or intraventricular hemorrhage from cathe-
ter insertion. Side effects of drug delivery are also equiv-
alent, with perhaps a higher likelihood of nausea and
respiratory depression.®!

The relative technical ease of the procedure and the
severity of certain neurological disorders have led to a
variety of human trials or animal studies using intraven-
tricular infusion. These have included patients with Alz-
heimer’s disease and animal models of storage diseases
and spongiform encephalopathies (such as Creutzfeldt—
Jakob disease).®*®* These preliminary efforts hold out
the possibility that neurosurgical therapies as yet un-
imagined may be brought to bear on diseases now con-
sidered untreatable.

CONCLUSION

Surgeons provide valuable insight into the treatment
of patients with pain of malignant or other origin, chronic
neurologic injury leading to spasticity, and other disease
states difficult to treat but amenable to IT modalities.
Neuromodulation in the form of direct neuroaxis drug
delivery offers excellent therapeutic benefice and cost
efficiency to properly selected patients. Under skilled
hands, the complications of implanting these devices are
minimized and the patient’s quality of life is often dra-
matically improved. >

Disclaimer: S.A.B. is a military service member
(DO LT USN MC). This work was prepared as part of
his official duties. Under the copyright act of 1976, Title
17 U.S. Code Section 105, copyright protection under
this title is not available for any work of the U.S. Gov-
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ernment. The views expressed in this article are those of
the author and do not necessarily reflect the official pol-
icy or position of the Department of the Navy or the
Department of Defense, nor the U.S. Government.
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