
Longevity and Cost of Implantable Intrathecal
Drug Delivery Systems for Chronic Pain
Management: A Retrospective Analysis of
365 Patients
Robert Bolash, MD*; Belinda Udeh, PhD†; Youssef Saweris, MD‡;
Maged Guirguis, MD§; Jarrod E. Dalton, PhD†¶; Natalya Makarova, MS†¶;
Nagy Mekhail, MD, PhD*‡

Objectives: Intrathecal drug delivery systems represent an important component of interventional strategies for refractory
chronic pain syndromes. Continuous intrathecal administration of opioids results in higher subarachnoid drug concentrations,
improved pain scores, and less frequent side effects when compared with systemic opioid administration. Substantial costs arise
at the time of surgical implantation and at revision for battery depletion or treatment of a complication. Despite current wide-
spread use, the real-world longevity and cost of implanted intrathecal pumps (ITP) has not been fully quantified.

Materials and Methods: Patients with an ITP implanted at Cleveland Clinic Pain Management Center between January 1998 and
December 2012 were included. ITP longevity was calculated as the time between implant and explant for depletion of the system’s
battery. Using the 2013 fee schedule of the Centers for Medicare & Medicaid Services, the daily cost of having a functioning ITP was
calculated. The costs of office visits for pump refills and the cost of intrathecal medications were not included, nor were the
possible savings due to decreased utilization of alternate medical services.

Results: Three hundred sixty-five patients had 559 pumps implanted. Postlaminectomy syndrome was the most common indi-
cation (40%). The median system longevity for all pumps was 5.4 years (97.5% confidence interval: [5.0, 5.8]), including pumps
extracted prematurely, as well as those that reached the elective replacement interval. The median ITP longevity was 5.9 years
(95% confidence interval: [5.6, 6.1]) for pumps explanted for end of battery life. The median system cost per day was $10.46. The
median cost per day of pumps explanted for end of battery life was $9.26, versus $44.59 for pumps explanted prematurely due to
complications.

Conclusions: Overall, the cohort experienced an increased incidence of pump-related complications and a device longevity that
was within the range of the manufacturer’s anticipated lifespan. Increasing the lifespan of the ITP and improving patient selection
have the potential to significantly improve the cost-effectiveness of intrathecal therapy.
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INTRODUCTION

Chronic pain impacts the quality of multiple functional domains,
including family life, workplace performance, social interactions,
and sleep patterns. Intrathecal drug delivery forms an important
component of interventional strategies for refractory cancer and
non-cancer-related chronic pain syndromes. The intrathecal
administration of opioid medications permits delivery of higher
drug concentrations into the cerebrospinal fluid (CSF) along with
lower concentrations reaching the systemic circulation, sparing the
undesired secondary effects of these same medications when
administered by other routes (1). Quality of life measures are
improved while the overall health-care utilization costs are
decreased in selected patients with intrathecal drug delivery
systems when compared with conventional medical management
(2–9).
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An intrathecal drug delivery system is composed of a surgically
implanted battery-operated pump and medication reservoir con-
nected to an intrathecal catheter. The tip of the catheter is placed
into the CSF. Placement of the system generates upfront costs asso-
ciated with the implantation of pump and catheter components,
maintaining surgical equipment, surgical staff support, operating
room use, anesthetic administration, and postoperative monitoring.
The SynchroMed EL and SynchroMed II programmable infusion
pumps (Medtronic, Minneapolis, MN, USA), which were used in all
patients in this cohort, are capable of noninvasive programming
and continuous drug delivery via an internal peristaltic mechanism.
The pump is powered by an internal battery, and the system can be
refilled via percutaneous port access into the reservoir.

Substantial costs arise at the time of surgical implantation, as well
as at the time of revision for expenditure of the system’s battery, in
the event of catheter displacement or fracture, device malfunction,
infection, or other complication that requires surgical explantation
or revision. The Medtronic SynchroMed II Implant Manual reports an
estimated device longevity of 4–7 years in laboratory tests, with a
linear decay in battery life when flow rates exceed 0.9 mL/day (10),
while the SynchroMed EL is more flow-dependent, with an esti-
mated battery life ranging from 3 to 7 years (11). In addition to flow
rate, it is known that the pump longevity is affected by medication
type, the number of medications present within the pump, and the
presence of a patient-delivered bolus option (10).

While they are currently in widespread use, the real-world cost of
implanting and maintaining functioning intrathecal drug delivery
systems has not been quantified, especially in a long-term cohort.
De Lissovoy et al. quantified the costs of implanting and maintain-
ing an intrathecal drug delivery system in a modeled population
where adverse event rates were drawn from published data supple-
mented by experts’ estimates of complication rates (1997) (2). The
cumulative cost incurred by one real-world cohort of patients in
Saskatchewan was found to total 29,410 Canadian dollars when
assessed over a 5-year period (7). This sum included not only the
drug delivery system but also those costs associated with advanced
spine imaging, pharmacotherapy, and adjunctive therapies such as
physical therapy, chiropractic, and acupuncture, which may vary
when compared with similar utilization costs in an American cohort.

The primary objective of our study was to summarize the longev-
ity of the intrathecal pump (ITP): the time interval between implant
of the ITP and elective replacement due to end of battery life in a
real-world cohort (the latter generally occurs 60–90 days prior to the
calculated end of life of the battery).

The secondary objectives were to summarize the indications for
ITP placement; to assess the ITP system longevity, which is the time
from implant to explant, revision, or replacement regardless of the
cause (including premature extractions and complications owing to
the catheter or the pump); and to characterize the cost of maintain-
ing a functioning ITP averaged over the observed system lifespan.

METHODS

With approval from the institutional review board, we queried
both the hospital electronic medical record and the Cleveland Clinic
Pain Management Center database and obtained a cohort of 365
patients implanted with intrathecal drug delivery systems at the
Cleveland Clinic Pain Management Center between January 1998
and December 2012. Basic procedure information retrieved from
the registries was augmented manually by additional clinical data
obtained from patients’ electronic medical records.

Participants
In an effort to best illustrate our real-life experience with intrathe-

cal drug delivery patients in a tertiary referral center, all 365 patients
implanted with the device throughout the study period were
considered. Most (72%) of the implants utilized the SynchroMed II
system, with the remainder employing the previous-generation
SynchroMed EL ITP. It should be noted that there was no difference in
cost or reimbursement between SynchroMed EL and SynchroMed II
systems (12).

Variables
Data were extracted from patients’ electronic medical records,

the operative reports, and the provider’s electronic progress notes.
We included age, gender, race, the ICD-9 diagnosis associated with
the indication for the implant (postlaminectomy syndrome,
complex regional pain syndrome, cancer pain, spinal stenosis, spinal
cord injury, etc.), date of implantation, dates of the revisions or
explants, and corresponding indications (elective replacement
interval reached, infection, granuloma, lack of efficacy, or surgical
complication related to the pump pocket, the catheter, or the device
itself ).

Follow-up data were obtained continuously through retrospec-
tive review of the patient’s electronic medical records at the time of
device refill, which occurred no less frequently than every 3 months.
The most recent encounter with the Pain Management Department
of Cleveland Clinic was conservatively specified as the endpoint in
all longevity calculations.

The interval from placement to revision or replacement for any
indication was obtained for each patient. System longevity was
defined as the time between implant and pump explant due to
either battery expenditure (elective replacement) or to device-
related or surgical complications (premature explant).

Time to ITP replacement (ITP lifespan or ITP longevity) was
defined as the time between implant and explant or revision due to
the battery expenditure only (reaching the elective replacement
interval) and was limited to those who had an uncomplicated ITP
lifespan from placement to revision.

The professional and technical components of the 2013 Medicare
reimbursement rates for implantation of intrathecal drug delivery
systems were obtained from Medicare fee schedules. The reim-
bursements included implantation of a programmable pump, inser-
tion or revision of the catheter, and removal of the pump and
catheter if relevant. As we were interested only in costs attributable
to the hardware, infusion drug costs were not included. An average
cost per day was calculated per patient based upon the observed
pump longevity. Elective replacement represents an interval that
occurs 60–90 days prior to the calculated end of battery life, the
point when the device motor stops and medication is no longer
delivered.

Statistical Analysis
We summarized patients’ demographic characteristics and initial

diagnoses for an implant using standard univariate summary statis-
tics such as mean ± standard deviation or N (%), as appropriate.

Primary Outcome
Complete data on ITP lifespan (ITP longevity) was not observed in

those patients with a recent implant, those whose death occurred
prior to encountering the elective replacement interval, or those
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lost to follow-up. Patients with incomplete data on battery survival
were censored at the earliest of either death or premature revision
or most recent follow-up visit to the Pain Management Center of
Cleveland Clinic. To account for incomplete data, the distribution of
ITP lifespan was summarized graphically using Kaplan–Meier sur-
vival density estimation. The median time to replacement due to
battery expenditure along with 95% confidence limits were
assessed based on the Kaplan–Meier survival density estimates. The
confidence limits were adjusted for a possible correlation among
the multiple ITP pumps within a patient. Confidence limits were
estimated based on bootstrapped standard error with 10,000 boot-
strap replications (13).

Secondary Outcomes
Kaplan–Meier analysis was similarly used to summarize system

longevity. The median system longevity was adjusted for multiple
pumps, and 95% confidence limits were evaluated. The complete
data on system longevity were not available with recent implants,
death, or loss of follow-up. These outcomes were censored at the
date of death or last follow-up visit. Reasons for premature replace-
ment or removal were tabulated, and the proportion for each of the
indications was calculated.

The relationship between the diagnosis for an implant and lon-
gevity of the system was analyzed using a multivariate mixed-
effects Cox regression model (14), which is appropriate for censored
time-to-event outcomes and accounts for possible correlation
between repeated pumps within a single patient. Diagnoses with 20
patients or fewer were combined into a category called “other” for
modeling purposes. The following variables were entered into the
Cox regression model: age, gender, race, and diagnosis. The hypoth-
eses of relationship between diagnosis and system survival were
evaluated by testing whether or not all hazard ratios corresponding
to different initial diagnoses were equal to 1.0 (model-based Wald
test).

The type I error rate was set at 5% for the primary outcome and
used for the confidence interval estimation. Type I error rate for the
secondary hypothesis also was set at 5%. SAS statistical software
version 9.3 (SAS Institute, Cary, NC, USA) for 64-bit Microsoft
Windows and R statistical software version 2.15.2 for the 64-bit Unix
operating system (R Foundation for Statistical Computing, Vienna,
Austria) were used for the analysis.

The cost per day of an ITP over the observed lifetime was calcu-
lated by dividing the total cost by the number of days the pump was
functioning. Summaries of the costs per day were calculated based
on different patient cohorts, including all implanted ITPs, ITPs
with uncomplicated lifespans from implant to revision for
elective replacement of battery, ITPs that were removed prior to
reaching the elective replacement interval, first ITPs, and second or
later ITPs.

RESULTS

We obtained data for 365 patients, including 187 patients (51%)
having one or more pumps with complete lifespan over the study
period, and 178 patients (49%) who did not have a complete pump
lifespan on file. These 178 patients either had a recent implant that
was still functioning satisfactorily during the first device lifespan,
had died, or were receiving interval follow-up care outside of our
institution. Of 187 patients having a complete ITP lifespan during
the study, 140 (75%) patients had more than one pump implanted
throughout the study period. In total, 559 implanted pumps were
considered, including 249 pumps with complete lifespan and 310
pumps that did not reach the end of lifespan due to recent implant,

patient’s death, or follow-up outside our institution. Regarding the
249 pumps removed, 194 new pumps were implanted to replace
them (78%).

The demographic characteristics and initial diagnoses for implant
are reported in Table 1. Most common indications for implant
included postlaminectomy syndrome (145 patients; 40%), spasticity
(52; 14%), spinal stenosis (49; 13%), and complex regional pain
syndrome (48; 13%). The percentages of SynchroMed EL and
SynchroMed II ITPs in different cohorts and the ratios between them
are summarized in Table 2.

Outcomes
Kaplan–Meier estimates of ITP longevity and overall system lon-

gevity are displayed in Figure 1. The estimated median ITP longev-
ity, which is the median time (adjusted for intrasubject correlation)
between implant of intrathecal drug delivery systems and expendi-
ture of the ITP due to depletion of the battery, was 5.9 years (95%
confidence interval: [5.6, 6.1]).

Median system longevity (adjusted for intrasubject correlation)
was estimated at 5.4 years (97.5% confidence interval: [5.0, 5.8]),
owing to those patients who underwent explant or revision of the
system prior to reaching the elective replacement interval.

Reasons for premature replacement or removal were infection
(16%), lack of therapeutic efficacy (11%), surgical complications
(3%), and granuloma formation (1%) (summarized in Table 3).
The estimated median system longevities (with 95% confidence
intervals) by reasons for premature replacement are presented
in Table 4. The disposition of infection cases and culture data
from ITPs suspected to be infected are reported in Tables 5 and 6.
Data on infection in Tables 5 and 6 contain information on all
cases of infections, including multiple repeated infections for
a single patient.

We did not find a significant association between initial indication
for therapy and overall system longevity (Wald test p = 0.23; signifi-
cance criterion: 0.025 = 0.05/2); that is, we did not find enough
evidence to claim the hazard of experiencing a system failure was
different comparing any two studied diagnoses at any time point.

In order to determine any difference in the longevity between the
two models of ITP (SynchroMed EL, SynchroMed II), a log-rank test

Table 1. Patient Demographics and Baseline (N = 365)

Age (years), mean ± SD 54.2 ± 14.1
Female, N (%) 193 (53)
Ethnicity, N (%)

Caucasian 336 (92)
African American 20 (5)
Other 9 (2)

Principal indication for intrathecal pump implant, N (%)
Postlaminectomy syndrome 145 (40)
Spasticity 52 (14)
Spinal stenosis 49 (13)
Complex regional pain syndrome 48 (13)
Cancer pain 20 (6)
Other* 49 (14)

*A heterogeneous group of diagnoses (each representing <5%) including
postherpetic neuralgia, peripheral neuropathy, spinal cord injury,
poststroke pain, diabetic neuropathy, and intractable degenerative disk
disease.
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was used to compare system longevities. No significant difference
was found (p = 0.17). We also evaluated if the system longevity was
degraded when comparing first vs. second or later pumps. Again,
using a log-rank test, no significant difference was found (p = 0.18).

For the cost analysis, only pumps where data on a complete lifes-
pan were present were included in the analysis. Using the 249 com-
plete pump lifespans observed throughout the study period and
the 2013 Medicare reimbursement rates, the median cost among
the cohort was $10.46 ($4.08–$2973.10) per day. When explants due
to infection, therapeutic failure, surgical complications, or granu-
loma were excluded from this cohort, the number of pumps with
complete lifespans totaled 171, and the median cost was $9.26
($4.08–$248.05) per day. Conversely, when examining the cohort
who underwent premature revision of the ITP (N = 78), the cost
increased to $44.59 ($5.81, $2973.10) per day, indicating a majority
of these premature revisions occurred early in the lifespan of the ITP.

When first pumps were analyzed, their median lifespan was
longer at 1689 days versus 1596 days for second or later pumps. The
cost per day for first pumps was similar to the all-pump cohort at
$10.30 ($5.29–$2973.10) per day (N = 187). Second or later pumps’

cost per day was slightly higher than that of first pumps at $10.73
($4.08–$533.63) (n = 62). A full summary of the costs by cohort is
broken down in Table 7.

DISCUSSION

This study was an evaluation of ITP longevity in a real-world clini-
cal cohort in our institution. The accessibility of a longitudinal
cohort enabled calculations based upon consecutive ITP implants
within a single patient and permitted assessments based upon data
obtained from multiple systems in the same patient. As we
accounted for consecutive ITP implants, the confidence limits were
adjusted for a possible correlation between sequential pumps.

When considering the hardware components of the device alone,
we observed a median ITP longevity (time from ITP implant to
reaching the elective replacement interval) of 5.9 years, in line with

Table 2. Summary of the Percentages of SynchroMed EL and SynchroMed II Pumps.

1st
implant

2nd
implant

3rd
implant

4th
implant

5th
implant

6th
implant

Total

Number of pumps 365 140 39 9 3 3 559
Number of SynchroMed EL pumps 127 24 4 1 1 0 157
Number of SynchroMed II pumps 238 116 35 8 2 3 402
Percentage of SynchroMed EL pumps 34.8 17.1 10.2 11.1 33.3 0 28
Percentage of SynchroMed II pumps 65.2 82.9 89.7 88.9 66.7 100 72

Figure 1. The Kaplan–Meier survival curves for system longevity and longev-
ity of intrathecal pump device. Patients with incomplete data on battery survival
were censored at the earliest of death, premature revision, or most recent
follow-up visit to the Pain Management Center of Cleveland Clinic. System
longevity was censored at the date of death or last follow-up visit.

Table 3. Reasons for Pump Replacement or Removal (N = 559).

Reason for extraction Number of
pumps
(N = 559)

Proportion
of pumps
replaced after
completing
lifespan
(N = 249) (%)

Proportion
of pumps
replaced
overall
(N = 559)

End of system lifespan 171 69 31
Premature extraction 78 31 14

Infection 41 16 7
Surgical complications 7 3 1

Pocket-related 3 1 1
Catheter-related 2 1 0
Pump-related 2 1 0

Granuloma 2 1 0
Lack of efficacy 28

Censored pumps* 310 — 55

*Censored due to recent implant, death, or loss of follow-up.

Table 4. Estimated System Longevity for Premature Extraction.

Infection 0.3 [0.2, 0.8]
Surgical complications 3.4 [0.04, 5.8]
Granuloma 1.9 [1.8, 2.0]
Lack of efficacy 2.2 [1.3, 4.9]
Overall 1.1 [0.6; 1.6]

Estimated median system longevity in years [95% confidence interval] for
pumps extracted prematurely (note that above estimates were based
only on patients with premature extraction events).
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the manufacturer’s stated longevity (10). This observed longevity
represents a best-case scenario when premature revision rates and
complications equal zero.

Median ITP system longevity in the entire cohort was observed to
be 5.4 years, owing to the fact that about 31% of patients under-
went premature revision throughout one or more of their ITP
lifespans. The primary indications for the premature revisions were
infection, lack of efficacy, and adverse surgical events. We did not
find evidence for association between longevity of the ITP system
and the initial indication for the implant (p = 0.23), though we
hypothesized that neuropathic pain conditions, which often require
relatively higher opioid doses, would be associated with shorter
longevity owing to proportionally higher flow rates. The relatively
small sample size of our study might be the factor limiting our
chance to detect possible association between diagnosis at the time
of implant and system longevity.

The cost of having an ITP did not differ greatly between the
cohorts of all implanted ITPs (median $10.46, range $4.08–2973.10),
ITPs with uncomplicated lifespans from implant to revision upon

reaching the elective replacement interval (median $9.26, range
$4.08–248.05), first ITPs (median $10.30, range $5.29–2973.10), and
second or later ITPs (median $10.73, range $4.08–33.63). It was
anticipated that the cost per day for second or later pumps would
be less than that for first pumps, as therapeutic failures would have
been excluded from the latter group. Surprisingly, the cost per day
in the secondary-or-later cohort was actually higher than that in the
first-ITP cohort ($10.73/day vs. $10.30). While the cost difference is
not substantial, the higher cost per day in the later-ITP cohort could
be explained by the need for drug flow rates to increase over time in
opioid-tolerant patients, thus having an impact on the battery life of
the ITP pump.

The most costly cohort included those individuals who under-
went explant of the ITP prior to reaching the elective replacement
interval. Reasons included therapeutic failure, infection, and non-
compliance. Cost per day for this cohort was over four times higher
than for all other cohorts (median $44.59, range $5.81–2973.10).
This significant cost difference is further demonstrated when com-
paring the cost range among these groups. Among pumps that
were explanted for reasons other than complications, the maximum
cost per day was $248.05. For pumps that were explanted due to a
complication, the maximum cost per day was over 10 times higher
at $2973.10. Complications requiring premature removal of the
system occur in a bimodal pattern, with postoperative infections
and wound dehiscence occurring shortly after implant, and thera-
peutic failure occurring late once a decision is made that no dose or
medication combination is providing clinical benefit.

Since the majority of the cost of intrathecal drug delivery systems
is incurred at inception of the therapy, cost savings are primarily
achieved by increasing the longevity of the system, such that the
high initial costs are averaged over a long pump lifespan. In this
cohort, we observed two factors opposing a long ITP lifespan: (1)
early ITP explant without replacement due to complications or
therapeutic failure and (2) early replacement due to surgical or
infectious complications. In our practice, we seek to counteract
these liabilities through strategies to most accurately determine the
patients in whom the device will provide therapeutic benefit, avert-
ing early explants. Secondly, we continually seek to adopt strategies
to reduce infectious complications, though the rate of infection is
higher than has been reported elsewhere (15–18). We hypothesize
this may be due to the comparatively high risk and increased
comorbidities seen in our patient population. As illustrated in
Tables 4 and 5, the development of infectious complications
resulted in morbidity and additional costs attributable to the short-
ened ITP lifespan. The inpatient hospitalization costs and the costs
of parenteral antimicrobial therapy likely further increase the cost
per day in this subset by several multiples.

Overall, the cost per day of implanting and maintaining a pump is
significant at over $10 per day. This cost is only for the hardware of
the ITP and does not include medication costs, personnel costs for
ITP refill or any associated costs generated by postoperative com-
plications. However, while an ITP can be costly, studies have shown
this method to be extremely effective, with marked improvements
in quality of life (4). Furthermore, the use of an ITP can help avoid
many of the complications of taking oral analgesics, and its cost can
be counteracted by patients’ returning to productive living or par-
ticipating in society (19). While this study was able to demonstrate
the cost per day of the hardware components of an intrathecal
delivery system, the inability to include all relevant costs and
quality-of-life outcomes was a limitation. Furthermore, we did not
compare these costs and outcomes with other routes of opioid
administration or chronic pain interventions.

Table 5. Disposition of Patients with Intrathecal Pump Explant Due to
Infection (N = 38).

Disposition N (%)

Discharged on postoperative day 0 with oral antimicrobial
therapy

5 (13)

Discharged on postoperative day 0 with intravenous
antimicrobial therapy*

1 (3)

Admitted for inpatient oral antibiotic therapy 3 (8)
Admitted for inpatient intravenous antibiotic therapy 28 (74)

One patient who was admitted to the hospital did not have recorded
historical data on the route of antimicrobial administration.
*This individual had a preexisting peripherally inserted central catheter
line in situ.

Table 6. Culture Data from Intrathecal Drug Delivery Systems Suspected
to be Infected (N = 38).

Organisms cultured N (%)

None 17 (45)
Staphylococcus spp. 12 (32)
Enterococcus spp. 4 (11)
Streptococcus spp. 1 (3)
Pseudomonas spp. 1 (3)
Yeast* 1 (3)

Two patients did not have recorded culture data.
*All cultures revealed a single isolate except for this individual’s culture,
which also grew Staphylococcus species.

Table 7. Cost per Day (USD).

Cost/day All intrathecal
pumps
(N = 249)

Pumps
excluding
explants
(N = 171)

Explanted
pumps
(N = 78)

First pumps
(N = 187)

Second or
later pumps
(N = 62)

Median 10.46 9.26 44.59 10.30 10.73
Minimum 4.08 4.08 5.81 5.29 4.08
Maximum 2973.10 248.05 2973.10 2973.10 533.63
SD 355.25 34.20 596.22 404.62 103.35
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In spite of efforts to avoid premature revisions, further advances
in the development of ITPs with a longer battery life would result in
the most substantial cost savings, as depletion of the system’s
battery remains the primary indication for patients to return to the
operating room. Increasing the battery life by 1 year alone would
reduce the ITP cost by $2 per patient per day. The benefits of a
longer battery life would be compounded, as the number of post-
operative infectious complications would proportionally decrease.
Evolution in ITP longevity remains a useful area for innovation, and
a longer-lasting ITP has the potential to gain market share, decrease
health-care costs, and improve quality of life.

In conclusion, two factors may optimize the cost–benefit of intra-
thecal drug delivery systems: 1) minimizing premature pump
explantation, which can be achieved by proper patient selection and
proper surgical technique, which will reduce the incidence of thera-
peutic failures and early postoperative complications; and 2) improv-
ing technology to allow longer battery life. Increasing the battery life
by 1 year alone would reduce ITP cost by $2 per patient per day.
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COMMENTS

The primary objective of this study was to summarize intrathecal
pump longevity in real world practice. The authors report longevity of
5.9 years for uncomplicated courses of intrathecal therapy. For the
entire cohort, including those patients requiring premature revisions,
the longevity drops to 5.4 years. The secondary objectives included a
summary of those patients requiring premature explant or replace-
ment and the evaluation of the costs associated with this.

Our colleagues from The Cleveland Clinic presented important data
from their institution. U.S. health care has been moving towards a
value-based health system. The focus on value for the health care
recipient requires that health systems and providers identify outcome
measures that are clinically meaningful. These measures should also
consider outcomes achieved per dollar spent. Clinical outcome mea-
sures obtained while on intrathecal therapy for pain typically include a
change in VASPI, systemic opioid reduction, improved side effect tol-
erance and quality of life measurements. The authors have identified
that those patients without a complicated course of intrathecal
therapy through the lifespan of the pump are the least costly. Barriers
to pump therapy cost-containment include post-operative infections,
wound dehiscence and therapeutic failure requiring revision or explant
prior to the elective replacement interval.

As mentioned by the authors, a technology advancement of pro-
longed battery life beyond 6 years would result in cost savings.
However, clinicians should also be responsible for cost containment
in a value-based health system. Clinicians must improve outcomes by
reducing post-operative complications and utilize strict patient selec-
tion criteria for intrathecal delivery of pain medications. Best practice
manuscripts are available for guidance to improve clinical outcomes,
surgical technique and perioperative care. However in this age of
value-based medicine, more studies such as this one that evaluates
outcome per dollar spent are needed.

Brian Bruel, M.D.
Houston, TX, USA

155
IMPLANTABLE INTRATHECAL DRUG DELIVERY SYSTEMS

www.neuromodulationjournal.com Neuromodulation 2015; 18: 150–156© 2014 International Neuromodulation Society

http://manuals.medtronic.com/wcm/groups/mdtcom_sg/@emanuals/@era/@neuro/documents/documents/contrib_163045.pdf
http://manuals.medtronic.com/wcm/groups/mdtcom_sg/@emanuals/@era/@neuro/documents/documents/contrib_163045.pdf
http://manuals.medtronic.com/wcm/groups/mdtcom_sg/@emanuals/@era/@neuro/documents/documents/contrib_163045.pdf
http://professional.medtronic.com/pt/neuro/itb/prod/synchromed-el/
http://professional.medtronic.com/pt/neuro/itb/prod/synchromed-el/
http://www.cms.gov/Medicare/Medicare-Fee-for-ServicePayment/DMEPOSFeeSched/DMEPOS-Fee-Schedule.html
http://www.cms.gov/Medicare/Medicare-Fee-for-ServicePayment/DMEPOSFeeSched/DMEPOS-Fee-Schedule.html
http://www.cms.gov/Medicare/Medicare-Fee-for-ServicePayment/DMEPOSFeeSched/DMEPOS-Fee-Schedule.html


***
This is a very straightforward article detailing the costs of intrathecal
drug therapy (ITD) and possible reasons for failure and therefore
increased costs of this therapy. While it is excellent, it is really only a
small part of the picture and doesn’t make, in my mind, strong enough
calls to action for industry to make better longer lasting pumps. It also
doesn’t recognize that “failure of therapy” may be correlated with poor
patient selection and highlight this important aspect of this therapy.

Erik Shaw, D.O.
Atlanta, GA, USA

Comments not included in the Early View version of this paper.
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