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Background: Intrathecal infusion systems are often used for patients with intractable
pain when all else fails, including surgery. There is, however, some concern as to the
effectiveness and safety of this treatment.
Study Design: A systematic review of intrathecal infusion systems for long-term
management of chronic non-cancer pain.
Objective: To evaluate and update the effect of intrathecal infusion systems in managing
chronic non-cancer pain.
Methods: The available literature on intrathecal infusion systems in managing chronic
pain was reviewed. The quality assessment and clinical relevance criteria utilized were the
Cochrane Musculoskeletal Review Group criteria as utilized for interventional techniques
for randomized trials and the Newcastle-Ottawa Scale criteria for observational studies.
The level of evidence was classified as good, fair, and limited or poor based on the quality
of evidence developed by the U.S. Preventative Services Task Force (USPSTF). Data sources
included relevant literature identified through searches of PubMed and EMBASE from
1966 to December 2012, and manual searches of the bibliographies of known primary
and review articles.
Outcome Measures: The primary outcome measure was pain relief with short-term
relief < 12 months and long-term relief ≥ 12 months. Secondary outcome measures were
improvement in functional status, psychological status, return to work, and reduction in
opioid intake.
Results: There were 28 studies identified for this systematic review. Of these, 21
were excluded from further review. A total of 7 non-randomized studies met inclusion
criteria for methodological quality assessment. No randomized trials met the inclusion
requirements.
The evidence is limited based on observational studies.
Limitations: The limitations of this systematic review include the paucity of literature.
Conclusion: The evidence is limited for intrathecal infusion systems.
Key words: Spinal pain, chronic low back pain, intrathecal infusion, intrathecal infusion
systems, intrathecal drug delivery systems, intrathecal pumps, chronic non-cancer pain,
chronic non-malignant pain, morphine, bupivacaine, ziconotide
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I

ntrathecal infusion systems are most commonly
used in the treatment of recalcitrant chronic cancer
or non-malignant pain after all other methods
have failed including conservative and surgical
treatment. According to Turner et al (1), intrathecal
opioid therapy via implantable drug delivery systems
has been an option for the treatment of chronic pain
since the early 1980s. The use of intrathecal pumps
been criticized based on the American College of
Occupational and Environmental Medicine (ACOEM)
and American Pain Society (APS) guidelines that claim
there is a lack of effectiveness (2-6). ACOEM guidelines
have come under scrutiny due to their incomplete
review of the literature with exclusion of recent
high quality published studies, outdated assessment
criteria, inconsistent conclusions, and failure to
comply with current standards for producing high
quality objective guidelines for various interventional
techniques according to the Appraisal of Guidelines for
Research and Evaluation (AGREE), American Medical
Association (AMA), and Institute of Medicine (IOM)
(7-12). Similarly, APS guidelines have been critically
appraised (3-6,13-15).
Hayek et al (16) published a systematic review on
intrathecal therapy for cancer and non-cancer pain in
2011 and concluded that intrathecal therapy is moderately effective and safe in controlling refractory painful
conditions that have failed multiple other treatment modalities, both in cancer and non-cancer related conditions.
They also noted that the recommendation for intrathecal
infusion systems is limited to a moderate recommendation for non-cancer pain based on the current moderate
evidence derived from 15 observational studies for chronic non-cancer pain. They subsequently concluded that
intrathecal drug delivery remains a valuable therapy for
chronic painful conditions, both cancer and non-cancer
related, and is often employed as a last resort.
In an updated published practice guidelines for
chronic pain management (17) by the American Society
of Anesthesiologists (ASA) Task Force on Chronic Pain
Management and the American Society of Regional Anesthesia and Pain Medicine (ASRA), it was concluded that
intrathecal injection or infusion for neuropathic pain can
provide up to 12 months of pain relief. These guidelines
recommended that intrathecal opioid injection or infusion may be used for patients with neuropathic pain.
Patel et al (18) published a systematic review on
intrathecal infusion systems for long-term management of chronic non-cancer pain in 2009 and concluded
that there was limited evidence for intrathecal infusion
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systems providing long-term pain relief in chronic noncancer pain. Although the evidence was limited based
on 4 observational studies, their recommendation was
strong for the use of intrathecal infusion systems for
the treatment of chronic non-cancer pain.
The increasing prevalence of chronic pain and explosion of diagnostic and therapeutic modalities have resulted in a disproportionate increase in health care expenditures, and continue to be a major health policy issue in the
United States and across the globe (19-80). Furthermore,
the extensive use of oral opioids for all types of pain continues to escalate, as do the negative, side effects, complications, and fatalities, the numbers of which exceed
motor vehicle injuries in the United States (81-105). Consequently, various types of intrathecal infusion systems with
opioids and other agents have been developed for the
management of chronic intractable pain (105-113). Even
then, there is a paucity of literature in reference to intrathecal infusion systems for the long-term management of
chronic non-cancer pain and a lack of randomized trials.
In an atmosphere where the availability and synthesis of
new information are constants, systematic reviews must
be updated frequently (114-116).
The primary objective of this systematic review is
to determine the effectiveness of intrathecal infusion
systems in providing long-term pain relief to those with
chronic non-cancer pain. Other secondary objectives of
this review are to assess the effect on functional status
and adverse consequences associated with intrathecal
infusion systems.
The present systematic review is an update of a
previous systematic review performed in 2009 (18).

1.0 Methods
The methodology utilized in this systematic review
followed the review process derived from evidence-based
systematic reviews and meta-analysis of randomized trials and observational studies (19,117-126), Consolidated
Standards of Reporting Trials (CONSORT) guidelines for
the conduct of randomized trials (127,128), Standards
for Reporting Observational Studies (STROBE) (129), Cochrane guidelines (124,125,130), Chou and Huffman’s
guidelines (3), and quality of reporting of analysis (122).

1.1 Criteria for Considering Studies
1.1.1 Types of Studies
Randomized controlled trials
Non-randomized observational studies
Case reports and reviews for adverse effects
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1.1.2 Types of Participants

1.4.1 Selection of Studies

Participants of interest were adults aged at least 18
years with chronic pain of at least 6 months duration.
Patients must have failed previous pharmacotherapy,
exercise therapy, and interventional techniques.

♦

♦

1.1.3 Types of Interventions
Programmable intrathecal infusion systems.

Two review authors, in an unblinded standardized
manner, screened the abstracts, of all identified
studies against the inclusion criteria.
The authors then retrieved all possibly relevant articles in full text for comprehensive assessment of
internal validity, quality, and satisfaction of inclusion criteria.

1.1.4 Types of Outcome Measures

1.4.2 Inclusion and Exclusion Criteria

♦
♦

1.

♦

The primary outcome parameter was pain relief.
The secondary outcome measures were functional improvement, change in psychological status, return to
work, and the reduction or elimination of opioid use,
other drugs, other interventions, and complications.
At least 2 of the review authors independently, in an
unblinded standardized manner, assessed the outcomes measures. Any disagreements between reviewers were resolved by a third author and/or consensus.

1.2 Literature Search
Searches were performed from the following
sources:
1. PubMed from 1966
www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed
2. Cochrane Library
www.thecochranelibrary.com/view/0/index.html
3. Previous systematic reviews and cross references
4. Clinical Trials: clinicaltrials.gov/
The search period includes articles from 1966 to December 2012.

1.3 Search Strategy
The search strategy emphasized chronic non-cancer
pain with intrathecal infusion systems. At least 2 review
authors independently, in an unblinded standardized
manner, performed each search. All searches were combined to obtain a unified search strategy. Any disagreements between reviewers were resolved by a third author and/or consensus.
Search terms included: chronic pain, opioid infusions, and intrathecal infusion systems.

1.4 Data Collection and Analysis
The review focused on randomized trials, observational studies, and reports of complications. The population of interest was patients suffering with chronic
pain of non-cancer origin. Reports without appropriate
diagnosis, non-systematic reviews, book chapters, and
case reports were excluded.

www.painphysicianjournal.com

2.

3.

Are the patients described in sufficient detail to allow you to decide whether they are comparable to
those that are seen in clinical practices of interventional pain management?
A. Setting – office, hospital, outpatient, inpatient
B.	Physician – interventional pain physician, general physician, anesthesiologist, physiatrist,
neurologist, rheumatologist, orthopedic surgeon, neurosurgeon, etc.
C. Patient characteristics - duration of pain
D.	Non-interventional techniques or surgical intervention in the past
Is the intervention described well enough to enable you to provide the same for patients in interventional pain management settings?
A. Nature of intervention
B. Frequency of intervention
C. Duration of intervention
Were clinically relevant outcomes measured?
A. Proportion of pain relief
B. Disorder/specific disability
C. Functional improvement
D.	
Allocation of eligible and non-eligible patients to return to work
E. Ability to work

1.4.3 Clinical Relevance
Clinical relevance of the included studies was evaluated according to 5 questions recommended by the
Cochrane Back Review Group (124,130). Table 1 shows
the clinical relevance questions. Each question will be
scored positive (+) if the clinical relevance item was
met, negative (–) if the item was not met, and unclear
(?) if data were not available to answer the question.

1.4.4 Methodological Quality or Validity
Assessment
The methodological qualities assessment was performed by 2 review authors who independently assessed, in an unblinded standardized manner, the in-
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ternal validity of all the studies. The methodological
quality assessment was performed in such a manner
as to avoid any discrepancies. Any such discrepancies
were evaluated by a third reviewer and settled by con-

sensus. The quality of each individual article used in this
analysis was assessed by the Cochrane review criteria
(Table 2) (125) for randomized trials and the NewcastleOttawa Scale for observational studies (Tables 3 and 4)

Table 1. Clinical relevance questions.

Questions

P(+)

N(-)

U (unclear)

A) A
 re the patients described in detail so that you can decide whether they are comparable to those that you
see in your practice?
B) Are the interventions and treatment settings described well enough so that you can provide the same for your patients?
C) Were all clinically relevant outcomes measured and reported?
D) Is the size of the effect clinically important?
E) Are the likely treatment benefits worth the potential harms?
Scoring adapted from Staal JB, et al. Injection therapy for subacute and chronic low-back pain. Cochrane Database Syst Rev 2008; 3:CD001824 (130).

Table 2. Randomized controlled trials quality rating system.
A

1. Was the method of randomization adequate?

A random (unpredictable) assignment sequence. Examples of adequate methods are coin toss (for studies
with 2 groups), rolling a dice (for studies with 2 or more groups), drawing of balls of different colors, drawing
of ballots with the study group labels from a dark bag, computer-generated random sequence, pre-ordered
sealed envelopes, sequentially-ordered vials, telephone call to a central office, and pre-ordered list of treatment assignments. Examples of inadequate methods are: alternation, birth date, social insurance/ security
number, date in which they are invited to participate in the study, and hospital registration number.

B

2. Was the treatment allocation concealed?

Assignment generated by an independent person not responsible for determining the eligibility of the Yes/No/
patients. This person has no information about the persons included in the trial and has no influence Unsure
on the assignment sequence or on the decision about eligibility of the patient.

C

Was knowledge of the allocated interventions adequately prevented during the study?

D

3. Was the patient blinded to
the intervention?

This item should be scored “yes” if the index and control groups are indistinguishable for the patients
or if the success of blinding was tested among the patients and it was successful.

Yes/No/
Unsure

4. Was the care provider
blinded to the intervention?

This item should be scored “yes” if the index and control groups are indistinguishable for the care
providers or if the success of blinding was tested among the care providers and it was successful.

Yes/No/
Unsure

5. Was the outcome assessor
blinded to the intervention?

Adequacy of blinding should be assessed for the primary outcomes. Should be scored “yes” if the success of blinding was tested among the outcome assessors and it was successful or:
–for patient-reported outcomes in which the patient is the outcome assessor (e.g., pain, disability): the
blinding procedure is adequate for outcome assessors if participant blinding is scored “yes”
–for outcome criteria assessed during scheduled visit and supposes a contact between participants and
outcome assessors (e.g., clinical examination): the blinding procedure is adequate if patients are blinded, and
the treatment or adverse effects of the treatment cannot be noticed during clinical examination
–for outcome criteria that do not suppose a contact with participants (e.g., radiography, magnetic resonance imaging): the blinding procedure is adequate if the treatment or adverse effects of the treatment
cannot be noticed when assessing the main outcome
–for outcome criteria that are clinical or therapeutic events determined by interaction between patients and
care providers (e.g., co-interventions, hospitalization length, treatment failure), in which the care provider is
the outcome assessor: the blinding procedure is adequate if item “4” (caregivers) is scored “yes”
–for outcome criteria that are assessed from data of the medical forms: the blinding procedure is adequate if the treatment or adverse effects of the treatment cannot be noticed on the extracted data.

Yes/No/
Unsure

Were incomplete outcome data adequately addressed?
6. Was the drop-out rate
described and acceptable?

E

Yes/No/
Unsure

The number of participants included in the study but who did not complete the observation period or
were not included in analysis must be described and reasons given. If the percentage of withdrawals and
drop-outs does not exceed 20% for short-term follow-up and 30% for long-term follow-up, and does not
lead to substantial bias a “yes” is scored. (N.B. %s arbitrary, not supported by literature).

Yes/No/
Unsure

7. Were all randomized parAll randomized patients are reported/analyzed in the group they were allocated to by randomization
ticipants analyzed in the group for the most important moments of effect measurement (minus missing values) irrespective of nonto which they were allocated? compliance and co-interventions.

Yes/No/
Unsure

8. Are reports of the study
free of suggestion of selective
outcome reporting?

Yes/No/
Unsure
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In order to receive a “yes,” the review author determines if all the results from all pre-specified outcomes have been adequately reported in the published report of the trial. This information is either
obtained by comparing the protocol and the report, or in the absence of the protocol, assessing that
the published report includes enough information to make this judgment.
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Table 2 (cont.). Randomized controlled trials quality rating system.
F

Other sources of potential bias:
9. Were the groups similar at
baseline regarding the most important prognostic indicators?

In order to receive a “yes,” groups have to be similar at baseline regarding demographic factors,
duration and severity of complaints, percentage of patients with neurological symptoms, and value of
main outcome measure(s).

Yes/No/
Unsure

10. Were co-interventions
avoided or similar?

This item should be scored “yes” if there were no co-interventions or they were similar between the
index and control groups.

Yes/No/
Unsure

11. Was compliance acceptable in all groups?

The reviewer determines if compliance with the interventions is acceptable, based on the reported intensity,
duration, number and frequency of sessions for both the index intervention and control intervention(s). For
example, physiotherapy treatment is usually administered over several sessions; therefore it is necessary to assess
how many sessions each patient attended. For single-session interventions (e.g., surgery), this item is irrelevant.

Yes/No/
Unsure

12. Was the outcome assessment Timing of outcome assessment should be identical for all intervention groups and for all important
Yes/No/
timing similar in all groups?
outcome assessments.
Unsure
Adapted and Modified: Furlan AD, et al. 2009 updated method guidelines for systematic reviews in the Cochrane Back Review Group. Spine (Phila Pa
1976) 2009; 34:1929-1941 (125).

Table 3. Newcastle-Ottawa quality assessment scale: Case control studies.
Selection
1) Is the case definition adequate?
a) yes, with independent validation *
b) yes, e.g. record linkage or based on self reports
c) no description
2) Representativeness of the cases
a) consecutive or obviously representative series of cases *
b) potential for selection biases or not stated
3) Selection of Controls
a) community controls *
b) hospital controls
c) no description
4) Definition of Controls
a) no history of disease (endpoint) *
b) no description of source

Comparability
1) Comparability of cases and controls on the basis of the design or analysis
a) study controls for _______________ (Select the most important factor.) *
b) study controls for any additional factor * (This criteria could be modified to indicate specific control for a second important factor.)

Exposure
1) Ascertainment of exposure
a) secure record (eg surgical records) *
b) structured interview where blind to case/control status *
c) interview not blinded to case/control status
d) written self report or medical record only
e) no description
2) Same method of ascertainment for cases and controls
a) yes *
b) no
3) Non-Response rate
a) same rate for both groups *
b) non respondents described
c) rate different and no designation
Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Exposure categories. A maximum of two stars
can be given for Comparability. Wells GA, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized studies in meta-analysis. www.ohri.ca/programs/clinical_epidemiology/oxford.asp (131).
www.painphysicianjournal.com
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Table 4. Newcastle-Ottawa quality assessment scale for cohort studies.

Selection
1) Representativeness of the exposed cohort
a) truly representative of the average _______________ (describe) in the community
b) somewhat representative of the average ______________ in the community *
c) selected group of users e.g. nurses, volunteers
d) no description of the derivation of the cohort
2) Selection of the non exposed cohort
a) drawn from the same community as the exposed cohort *
b) drawn from a different source
c) no description of the derivation of the non exposed cohort
3) Ascertainment of exposure
a) secure record (eg surgical records) *
b) structured interview *
c) written self report
d) no description
4) Demonstration that outcome of interest was not present at start of study
a) yes *
b) no

Comparability
1) Comparability of cohorts on the basis of the design or analysis
a) study controls for _____________ (select the most important factor) *
b) study controls for any additional factor * (This criteria could be modified to indicate specific control for a second important factor.)

Outcome
1) Assessment of outcome
a) independent blind assessment *
b) record linkage *
c) self report
d) no description
2) Was follow-up long enough for outcomes to occur
a) yes (select an adequate follow up period for outcome of interest) *
b) no
3) Adequacy of follow up of cohorts
a) complete follow up - all subjects accounted for *
b) subjects lost to follow up unlikely to introduce bias - small number lost - > ____ % (select an adequate %) follow up, or description provided
of those lost) *
c) follow up rate < ____% (select an adequate %) and no description of those lost
d) no statement
Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two
stars can be given for Comparability
Wells GA, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized studies in meta-analysis. www.ohri.ca/programs/
clinical_epidemiology/oxford.asp (131).

(131). For nonrandomized observational studies, the
patient population should have been at least 50 total
or at least 25 in each group if they were comparison
groups.
If there was a conflict of interest with the reviewed
manuscript concerning authorship (if the reviewer was

SE190

one of the authors) or any other type of conflict, the involved authors did not review the manuscript for quality assessment.
For adverse effects, confounding factors, etc.,
it was not possible to use quality assessment criteria.
Thus, these were considered based on an interpretawww.painphysicianjournal.com
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tion of the reports published and critical analysis of the
literature.
Only randomized trials meeting the inclusion criteria with at least 50% of applicable criteria were utilized
for analysis. However, studies scoring less also would
be described and provided with an opinion and critical
analysis.
Observational studies have to meet a minimum of
50% of the applicable criteria for cohort studies and
case-control studies. Studies scoring less would also be
described and provided with an opinion and a critical
analysis.
If the literature search provided at least 5 randomized trials meeting the inclusion criteria and they were
homogenous for each modality and condition evaluated, a meta-analysis was performed.

However, recent descriptions of clinically meaningful
improvement showed either pain relief or functional
status as 50% (136-156). Consequently, for this analysis,
we utilize clinically meaningful pain relief of at least a
3-point change on an 11-point scale of 0 to 10, or 50%
pain relief from the baseline, as clinically significant
and functional status improvement of 40% or more.

1.4.7 Integration of Heterogeneity
The evidence was assessed separately by administration to each condition. The meta-analysis was performed only if there were at least 5 studies meeting
inclusion criteria available for each variable.
Statistical heterogeneity was explored using univariate meta-regression (155,156).

1.5 Summary Measures
1.4.5 Data Extraction and Management
Two review authors independently, in an unblinded standardized manner, extracted the data from the
included studies. Disagreements were resolved by discussion between the 2 review authors; if no agreement
was reached, a planned third author decided.

Summary measures include 50% or more reduction of pain in at least 40% of the patients, or at least
3-point decrease in pain scores and relative risk of adverse events including side effects.
Short-term effectiveness was defined as improvement of less than 12 months; whereas, long-term effectiveness was defined 12 months or longer.

1.4.6 Measurement of Treatment Effect in Data
Synthesis (Meta-Analysis)

1.6 Analysis of Evidence

Data were summarized using meta-analysis when
at least 5 studies were available meeting the inclusion
criteria. Qualitative (the direction of a treatment effect)
and quantitative (the magnitude of a treatment effect)
conclusions were evaluated. Random-effects metaanalysis to pool data was also used.
The minimum amount of change in pain score to
be clinically meaningful has been described as a 2-point
change on a scale of 0 to 10 (or 20 percentage points),
based on commonly utilized findings in trials studying
general chronic low back pain (120,122,124,132-135).

Analysis of evidence was performed based on
United States Preventive Task Force (USPSTF) criteria as
illustrated in Table 5, which has been utilized by multiple authors (157). Analysis will be conducted using 3
levels of evidence ranging from good, fair, and limited
or poor. These criteria have been extensively utilized
(3,158-174).
At least 2 of the review authors independently,
in an unblinded standardized manner, analyzed the
evidence. Any disagreements between reviewers were
resolved by a third author and consensus. If there was

Table 5. Method for grading the overall strength of the evidence for an intervention.

Grade

Definition

Good

Evidence includes consistent results from well-designed, well-conducted studies in representative populations that directly
assess effects on health outcomes (at least two consistent, high-quality RCTs or studies of diagnostic test accuracy).

Fair

Evidence is sufficient to determine effects on health outcomes, but the strength of the evidence is limited by the number,
quality, size, or consistency of included studies; generalizability to routine practice, or indirect nature of the evidence on health
outcomes (at least one higher-quality trial or study of diagnostic test accuracy of sufficient sample size; two or more higherquality trials or studies of diagnostic test accuracy with some inconsistency; at least two consistent, lower-quality trials or
studies of diagnostic test accuracy, or multiple consistent observational studies with no significant methodological flaws).

Limited or poor

Evidence in sufficient to assess efforts on health outcomes because of limited number or power of studies, large and unexplained inconsistency between high-quality trials, important flaws in trial design or conduct, gaps in the chain of evidence,
or lack of information on important health outcomes.

Adapted from methods developed by U.S. Preventive Services Task Force (157).

www.painphysicianjournal.com
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a conflict with authorship, those authors were not involved in the assessment and analysis of the studies.

1.7 Outcome of the Studies
A randomized trial study was positive if the intrathecal infusion treatment for chronic nonmalignant pain was
clinically relevant and effective in regards to pain relief
compared to placebo or an active control. A randomized
trial study was negative if there was no significant difference in pain relief between the treatment groups or no
improvement from baseline. Outcomes were judged at

distinct reference points with positive or negative results
reported at 6 months, one year, and after one year.
An observational study was positive if the intrathecal infusion treatment for chronic nonmalignant pain
demonstrated effective pain relief with outcomes reported at 6 months, one year, and later.

2.0 Results
Figure 1 shows a flow diagram of the study selection as recommended by Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (123).

Computerized and manual
search of literature
n = 740

Articles excluded by title and/or abstract
n = 574

Potential articles
n = 166

Abstracts reviewed
n =166

Abstracts excluded
n =95

Full manuscripts reviewed
n =71

Manuscripts considered for inclusion
n = 28

Manuscripts not meeting inclusion criteria
n = 28

Manuscripts meeting inclusion criteria
Randomized trials = 0
Non-randomized studies = 7

Fig. 1. The flow diagram illustrating published literature evaluating the effectiveness of intrathecal infusion systems.
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Of 166 articles, there were 71 potential studies that
resulted from the literature search and only 28 studies
considered for inclusion (175-202). Table 6 lists the randomized trials and non-randomized studies that were

excluded from this systematic study for not meeting the
inclusion criteria.
There were 67 relevant studies that resulted from
the literature search and only 28 studies considered for

Table 6. List of excluded randomized trials and observational studies.

Manuscript Author(s)

Condition Studied

# of Patients

Anderson et al, 2003 (175)
Randomized trial

Chronic nonmalignant
pain

Burgher et al, 2007 (176)
Retrospective cohort study

Reason for Exclusion
Follow-up Period

Other Reason(s)

37

3, 6 months

Small sample size

Infection control measures

92

N/A

Focus was on infection control measures not on relief of chronic pain.

Ooi et al, 2011 (177)

Chronic intractable pain
and spasticity

166

4-51 months (mean=26
months)

Case series

Grider et al, 2008 (178)

Chronic pain

3

N/A

Case report

Hamann & Sloan, 2007 (179)
Randomized, double-blind,
prospective pilot study

Chronic pain

15

7 days

Small sample size

Hoelzer et al, 2010 (180)

Intractable abdominal pain

1

N/A

Case report

Knox et al, 2007 (181)

Intractable non surgical
back pain

1

N/A

Case series

Langsam, 1999 (182)

Chronic low back pain

1

N/A

Case report

Lew et al, 2005 (183)

Spasticity

1

N/A

Case report

McMillan et al, 2003 (184)
Cohort study

Chronic intractable pain

7

6, 12 months

Small sample size

Medel et al, 2010 (185)

Thoracic outlet syndrome

1

N/A

Case report

Murphy et al, 2006 (186)

Spasticity

1

N/A

Case report

Narouze et al, 2007 (187)

Spasticity

1

N/A

Case report

Rainov et al, 2001 (188)
Pilot cohort study

Chronic back and leg pain

26

24 months

Pilot study and small patient
sample size.

Shaladi et al, 2007 (189)
Cohort study

Chronic pain secondary
to vertebral compression
fractures

24

12 moths

Small sample size

Smith et al, 2005 (190)

Chronic sickle cell pain

2

N/A

Case series

Teddy et al, 1992 (191)
Retrospective cohort study

Intractable spasticity and
various conditions such as
traumatic spinal cord injury.

46

Not Clear

Smaller sample size, focus on
complications not pain relief.

Tutak & Doleys, 1996 (192)
Observational study

Chronic low back and leg
pain of noncancer origin.

26

16-27 months (average=23 months)

Small sample size

Paice et al, 1996 (193)
Retrospective, multicenter
study

Chronic pain: Cancer and
non cancer

Atli et al, 2010 (194)
Retrospective cohort study

Chronic non malignant
pain

43

3 years

Small sample size

Hayek et al, 2011 (195)
Retrospective cohort comparison study

Chronic non
malignant pain

135

12 months

Excluded because the emphasis
was on IT dose rate escalation
between groups of younger and
older patients.

429 usable patient
forms with information about screening,
outcomes, dosing
and adverse effects.

N/A

Outcomes were about physician
standard practices when using intraspinal opioids delivered via an
implanted device, not on patient
pain relief.

N/A = Not applicable
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inclusion (175-202). Of the 28 intrathecal infusion system
studies identified, 21 were excluded (175-195). Ten articles
were excluded because they were case studies/reports and
case studies are not part of the inclusion criteria for this
systematic review (177,178,180-183,185-187,190). Eight
studies were excluded due to a small sample size with a

study population of less than 50 (175,179,184,188,189,19
1,192,194). Three studies were excluded because the outcomes were not related to pain relief and did not meet
the requirements for inclusion in this systematic review
(176,193,195). Table 7 illustrates the characteristics of the
7 studies considered for inclusion (196-202).

Table 7. Assessment of the non-randomized studies for inclusion criteria.

Manuscript # of Patients
Author(s)

Methods

Follow-up Period

Outcome Measures

Deer et al,
2004 (196)

The National Outcomes
Registry for Low Back Pain
collected data at baseline,
trialing, implant (or decision not to implant).

6 and 12 month
follow-ups. Patients
were asked to rate
their quality of life and
satisfaction with the
therapy.

Numeric pain ratings and ODI ODI
scores from implanted patients were
compared among baseline and 6 and 12
month follow-ups.

36 physicians enrolled 166
patients (90 males and 76
females) for drug-delivery
systems trial. Success rate was
93% (154 patients). In all, 136
patients (82%) were implanted.

Roberts et al, 88 patients: 58 women and
2001 (197)
30 men from 2 centers with
chronic non-cancer pain.

All patients implanted with Measured outcome in
patients treated for at
intrathecal DASs from
1989 to 1996 were identileast 6 months.
fied. A self-administered
questionnaire was posted
to all patients.

Global pain relief and physical activity, medication consumption, work
status, side-effects of intrathecal opioid
administration, cessation of therapy,
satisfaction with therapy, DAS-related
complications, intrathecal drugs and
doses after DAS implantation.

Thimineur
et al, 2004
(198)

The study subjects included
38 PR while the comparative
group included 31 intrathecal candidates who had an
unsuccessful trial or declined
intrathecal therapy, and
another group of 41 newly
referred patients. No gender
data.

PR subjects were implanted with an intrathecal
catheter and a constant
flow or programmable
pump.

Treatment and control
groups completed
questionnaires at entry
(baseline) and 6 month
intervals for 3 years
until termination (36
months). Newly registered patients completed
it only at initial evaluation and at 36 months.

Questionnaire packets included: SCL90-R, SF-36, BDI, MPQ, ODI, pain
drawing, and pain rating. Information
was grouped into 3 groups.

Winkelmüller and Winkelmüller,
1996 (199)

162 patients identified but
only 120 patients could be
located: 60 males and 60
females. Data from original
intrathecal drug therapy in
the 120 patients and in continuing therapy of 82 patients.

Retrospective data collected from patients who
received an infusion pump
for continuous intrathecal
opioid therapy for chronic
nonmalignant pain between
July 1988 and Nov. 1993.

The follow-up period
for the study ranged
from 6 months to 5.7
years. A first clinical
evaluation was made
6 months after pump
implantation.

A pain diary was kept, pain intensity
was recorded 3 times daily according to
VAS. Level of activity, patients’ mood,
and quality of life were also evaluated.

Rauck et al,
2010 (200)

110 patients. 11 patients
withdrew from the study. No
gender data.

Prospective 6 month
cohort study of patients
implanted with an intrathecal pump that delivered
morphine for chronic
intractable pain.

Monthly up to 6
Primary objective: to determine acmonths post intrathecal curacy of drug delivery, measured as
pump implantation.
the ratio of drug delivered to drug programmed volume (DP ratio). VAS, NRS
ODI, adverse events, and device-related
complications also collected.

Veizi et al,
2011 (201)

126 consecutive non cancer
intractable pain patients. 72
males and 54 females. Data
collected in all 126 patients.

Retrospective study of
3, 6, and 12 months
implanted IDDSs and initi- postimplant.
ated with an intrathecal
opioid as a single medication or an intrathecal
opioid and bupivacaine.

Pain scores/VAS, oral opioids intake, IT
opioid dose, IT medications type and
rate, pain intensity scores.

Hamza et al,
2012 (202)

58 consecutive chronic non
cancer pain patients. 33 males
and 35 females. Data collected in all 58 patients.

Prospective cohort study of 6, 12, 18, 24, and 36
implanted IDDSs with low months postimplant
dose IT opioids.

Pain scores, oral opioids intake, IT opioid
dose, BPI (Worst and Average pain), BPI
(Physical Functioning), BPI (Behavior),
BPI (Enjoyment), PGA (Patient Reported
Pain and Functional Improvement).

ODI = Oswestry Disability Index; DASs = Drug Administration Systems; IDDSs = Intrathecal drug delivery systems; PR = Pump recipients; SCL90-R = Symptom checklist 90-R; SF-36 = Short-form 36; BDI = Beck Depression Inventory ; MPQ = McGill Pain Questionnaire ; VAS = Visual
Analog Scale; NRS = Numerical Rating Scale; BPI = Brief Pain Inventory; PBG = Patient Global Assessment
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2.1 Clinical Relevance

2.2 Methodological Quality Assessment

Of the 7 studies assessed for clinical relevance, all
studies met the criteria with a score of 4 of 5 or greater
(196-202). Table 8 illustrates an assessment of clinical
relevance.

A methodological quality assessment of the nonrandomized observational studies meeting inclusion
criteria was carried out utilizing the Newcastle-Ottawa
Scale as illustrated in Table 9. For cohort studies, stud-

Table 8. Clinical relevance of included studies.

Manuscript Author(s)

A) Patient
description

B) Description of
interventions and
treatment settings

C) Clinically
relevant
outcomes

D) Clinical
importance

E) Benefits
vs. potential
harms

Total
Criteria
Met

Deer et al (196)

+

_

+

+

+

4/5

Roberts et al (197)

+

+

+

+

+

5/5

Thimineur et al (198)

+

+

+

+

+

5/5

Winkelmüller and Winkelmüller (199)

_

+

+

+

+

4/5

Rauck et al (200)

+

+

+

+

+

5/5

Veizi et al (201)

+

+

+

+

+

5/5

Hamza et al (202)

+

+

+

+

+

5/5

+ = positive; - = negative; U = unclear
Scoring adapted from Staal JB, et al. Injection therapy for subacute and chronic low-back pain. Cochrane Database Syst Rev 2008; 3:CD001824
(130).

Table 9. Methodological quality assessment of cohort studies of intrathecal infusion systems utilizing Newcastle-Ottawa quality
assessment scale.

Winkelmüller
Thimineur
and
Rauck et
et al (198) Winkelmüller al (200)
(199)

Deer
et al
(196)

Roberts
et al
(197)

X

X

X

X

X

X

X

X

X

X

X

Veizi
et al
(201)

Hamza
et al
(202)

X

X

X

X

X

Selection
1) Representativeness of the exposed cohort
a) t ruly representative of the average chronic noncancer pain patient in the community*
b)Somewhat representative of the average chronic
non-cancer pain patient in the community*
c) Selected group of users e.g. nurses, volunteers
d) no description of the derivation of the cohort
2) Selection of the non exposed cohort
a) d
 rawn from the same community as the exposed
cohort*

X

b) drawn from a different source
c) n
 o description of the derivation of the non
exposed cohort
3) Ascertainment of exposure
a) secure record (eg surgical records) *
b) structured interview*

X

c) written self report

X

X

X

d) no description
4) Demonstration that outcome of interest was not
present at start of study
a) yes*

X

X

X

X

X

X

X

b) no
www.painphysicianjournal.com

SE195

Pain Physician: April Special Issue 2013; 16:SE185-SE216
Table 9 (cont.). Methodological quality assessment of cohort studies of intrathecal infusion systems utilizing Newcastle-Ottawa
quality assessment scale.

Winkelmüller
Thimineur
and
Rauck et
et al (198) Winkelmüller al (200)
(199)

Deer
et al
(196)

Roberts
et al
(197)

Veizi
et al
(201)

Hamza
et al
(202)

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

8/12

8/12

Comparability
1) Comparability of cohorts on the basis of the
design or analysis
a) study controls for duration of pain. *
b) study controls gender.*

Outcome
1) Assessment of outcome
a) independent blind assessment *
b) record linkage *
c) self report
d) no description
2) Was follow-up long enough for outcomes to occur
a) y es (select an adequate follow up period for
outcome of interest)
b) no
3) Adequacy of follow up of cohorts
a) complete follow up- all subjects accounted for *
b) subjects lost to follow up unlikely to introduce
bias-small number lost < 30 %*

X

X

X

X

X

8/12

8/12

8/12

8/12

8/12

c) f ollow up rate < 50% and no description of those
lost
d) no statement

Total:

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two
stars can be given for Comparability.
Adapted and modified from: Wells GA, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized studies in metaanalysis. www.ohri.ca/programs/clinical_epidemiology/oxford.asp (131).

ies scoring 67% or higher were considered high quality,
studies scoring 50% or higher were considered moderate quality, and studies scoring less than 50% were
considered low quality and were excluded. There were
7 non-randomized cohort studies that met the criteria
for high methodological quality.
For case-control studies, 67% or higher was considered as high quality and, 50% or higher was considered
as moderate quality, and less than 50% was considered low quality. All low quality studies were excluded.
There were no case-control studies that met the inclusion criteria.
Randomized control trials were assessed by the
Cochrane review criteria. No randomized studies met
inclusion criteria for this systematic review.
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2.3 Meta-Analysis
No meta-analysis was performed because there
were no randomized trials that met the inclusion
criteria.

2.4 Study Characteristics
Table 10 illustrates the study characteristics of the
included studies for observational studies evaluating intrathecal infusion systems.

2.5 Analysis of Evidence
Overall, the 7 studies evaluating intrathecal infusion systems demonstrated pain relief and improvement
in function. There were 6 studies that showed positive
results for long-term pain relief (196-199,201,202) at ≥
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Table 10. Characteristics of included studies of intrathecal infusion systems

Reference,
Year

Participants

Interventions

Outcomes

Results

Conclusions

Deer et al,
2004 (196)

36 physicians enrolled
166 patients who were
trialed for IT drugdelivery system. 154
patients had a successful
trial and 136 were
implanted.

136 patients received IT
pump implantation after
successful trial and were
followed for 12 months.
Pain and function were
evaluated during the study
as well as use of systemic
opioids, return to work,
patient satisfaction and
adverse events.

Numeric pain
ratings and ODI
scores at baseline,
6 months, and 12
months.

The trialing success rate
was 93% (154 patients). 136
(82%) were implanted. At
12-month follow-ups, 80%
of implanted patients were
satisfied with their therapy
and 87% said they would
undergo the procedure
again.

Study concluded that IDDSs
were successful in managing
chronic low back pain. QOL
improvements were significant, vast majority of IDDS
patients (80%) satisfied with
their therapy. Additional
studies may help to better
determine predictors for successful trials and quantify the
benefits of IDDS for managing chronic low back pain.

Roberts et al,
2001 (197)

88 patients (58 women
and 30 men). Mean age
53.4 years with noncancer pain present on
average for 9.8 years. 67
patients completed the
questionnaires.

Patients were evaluated
following treatment with
intrathecal opioids for an
average duration of 36.2
months. Patients had to
be treated for more than
6 months with intrathecal
opioids administered via
totally implanted drug
administration systems at
2 centers.

Duration of pain,
pain treatments
prior to intrathecal
opioid administration, work
status prior to
therapy, technical
complications,
side effects, Global
Pain Relief, 4 day
medication diary

A majority of patients
reported an increase in
activity levels following
intrathecal opioid therapy.
There was no significant
change in work status. There
was a significant reduction
in medication consumption after intrathecal
opioid therapy. Some side
effects/adverse events were
reported.

This study demonstrated
improvement in analgesia
and self-reported activity
levels, a reduction in medication intake and high levels
of patient satisfaction with
long-term intrathecal opioid
administration via implanted
drug administration devices.
Recommend that further prospective studies determine the
precise role and effectiveness
of intrathecal opioid therapy.

Thimineur et
al, 2004 (198)

38 intrathecal pump
recipients and 31 IT
candidates who had an
unsuccessful trial or
declined the IT therapy
completed the study of
the 88 enrolled, and another comparison group
of 41 newly referred
patients.

The study was a prospective evaluation of IT opioid
treatment for chronic nonmalignant pain. PR and
non-recipients completed
identical questionnaire
packets. Newly registered
patients completed the
same questionnaires only
twice.

1. Pain-SCL-90R,
VAS, pain drawing, McGill. 2.
Physical function
SF-36, physical
function subscale,
ODI. 3. MoodSCL-90R, depression and anxiety
subscales, BDI

Intrathecal treatment had a
significant impact on pain,
function, and mood among
study patients. The average
reductions in pain in this
study were less impressive
than previous studies.

This study concluded that
IT opioid therapy for nonmalignant pain should be
considered appropriate only
when all conservative medical management has been
exhausted.

Winkelmüller
and Winkelmüller, 1996
(199)

162 patients with an
infusion pump for
continuous intrathecal opioid therapy for
chronic nonmalignant
pain were identified
from the retrospective
but they were only able
to locate 120 patients
for the study.

A retrospective investigation that focused on data
available for 120 patients,
could not locate data for
the other 42 patients.
The follow-up period for
the study ranged from 6
months to 5.7 years. Of the
120 patients examined in
the follow-up period, 82
patients still received intrathecal opioid therapy with
a functioning implant.

VAS, dosage
history, level of
activity, patient
mood and quality
of life

The most unpleasant side
effects described by the
patients were increased
sweating (8.5%) and a
tendency to form peripheral
edemas (6.1%). Good results
were achieved in 74.2% of
patients, and a reduction
of pain in approximately
60% was reported. 92%
of patients accepted the
therapy and 81% reported a
significant improvement in
their quality of life.

The results of this retrospective study have to be
cautiously viewed as far as a
“life-time” treatment is concerned. Further investigations in a prospective study
design are needed.

Rauck et al,
2010 (200)

110 patients were
enrolled and implanted
with an IT pump for the
treatment of chronic intractable nonmalignant
and cancer pain with an
infusion of morphine.
All but 3 cancer patients
had chronic non-malignant pain.

A prospective observational study to evaluate the
accuracy and efficacy of IT
morphine administration
using a new programmable pump. Follow-up was
monthly up to 6 months.
11 patients withdrew from
the study due to implant
site infection, wound dehiscence, consent refusal,
implant site pain, and MRI
to rule out granuloma.

VAS, NRS, ODI,
adverse events,
device-related
complications

The primary objective was
to determine accuracy of
drug delivery, measured as
the ratio of drug delivered to
drug programmed volume
(DP ratio). The mean
accuracy was 97.1% with
a 90% confidence interval
of 96.2 - 98.0%. Secondary objectives of efficacy
demonstrated statistically
significant reduction in
mean pain and disability
scores at each month. There
were no serious adverse
events (SAEs) or device
related complications.

The new IT pump was
shown to accurately deliver
the programmed volume of
IT morphine. In addition
there was a significant improvement in pain relief and
function. There were no serious adverse effects or device
related complications.
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Table 10 (cont.). Characteristics of included studies of intrathecal infusion systems

Reference,
Year

Participants

Interventions

Outcomes

Results

Conclusions

Veizi et al,
2011 (201)

126 consecutive noncancer intractable pain
patients implanted with
IT drug delivery system
and initiated with an IT
opioid as a single medication or an IT opioid
and bupivacaine

A retrospective study
to examine the effect of
IT coadministration of
bupivacaine with opioids
during the initial phase of
opioid titration and up to 1
year after implantation of
an IT drug delivery system
(IDDS).

Pain relief, oral
opioid consumption, IT opioid,
and bupivacaine
dosage.

Significant reduction in pain
intensity was found in both
groups at 12 months postimplant. No major adverse
effects were reported in this
study.

Concomitant initial
coadministration of IT
bupivacaine with opioids
blunts the rate of IT opioid
dose escalation during the
first year after implant of
an IDDS. More studies are
recommended.

Hamza et al
2012
(202)

61 consecutive noncancer intractable pain
patients underwent an
IT trial of opioids. 3
patients failed the trial.
58 implanted with IT
pump.

A prospective study to
evaluate IDDS with low
dose IT opioids. Follow
up at 6, 12, 18, 24, and 36
months.

Pain scores, oral
opioids intake, IT
opioid dose, BPI
(Physical Functioning, Behavior,
Enjoyment),
and (Behavior), PGA (Pain
and Functional
Improvement)

Significant pain relief, improved function, behavior,
and enjoyment. IT dose
minimal increase with
average of 11.4% over 36
months. Significant decrease
in oral opioid use.

Study demonstrated significant pain relief, reduction in
oral opioids, and functional
improvement from low dose
IT opioid therapy with a
nominal increase in the IT
dose over a 3 year period.

IT = Intrathecal; IDDS = Intrathecal drug delivery systems; ODI = Oswestry Disability Index; QOL = Quality of life; PR = Pump recipients; SCL90-R = Symptom checklist 90-R; VAS = Visual Analog Scale; SF-36 = Short-form 36; BDI = Beck Depression Inventory; MPQ = McGill Pain
Questionnaire; NRS = Numerical rating scale; BPI = Brief Pain Inventory; PBG = Patient Global Assessment

12 months. There were 3 studies that showed positive
results for short-term relief (200-202) at ≤ 12 months.
There was significant improvement in function demonstrated in 5 of the 7 studies both short-term ≤ 12
months (196,197,199,200,202) and long-term at ≥ 12
months (196-199,202). Table 11 illustrates results of the
effectiveness of intrathecal opioid infusion therapy for
the treatment of chronic nonmalignant pain.

2.6 Level of Evidence
Based on the USPSTF criteria, the evidence is considered at 3 levels – good, fair, and limited or poor.
The indicated evidence for intrathecal opioid infusion
therapy is limited for short-term and long-term pain
relief and functional improvement in the treatment of
chronic nonmalignant pain.

3.0 Complications
Complications related to intrathecal therapy can
be technical, biological, or medication related. While
the vast majority of complications are minor, some serious complications can occur (203-239). An increased
mortality rate in patients with non-cancer pain receiving intrathecal opioid therapy (mortality rate of 0.088%
at 3 days after implantation, 0.39% at one month, and
3.89% at one year) was identified as likely related to
the opioids as well as other factors that may be mitigated especially at the start of therapy (237,238). Other
serious complications include granuloma formation
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that may be related to the amount and concentration
of opiates, mostly morphine and hydromorphone (239245). Surgical interventions in these cases are rare (246)
as most cases improve with weaning off of the intrathecal opiate, replacing it with preservative-free saline,
which has been shown to reverse the course leading
to resolution of the granuloma (240,241). Granulomas
may occur in as many as 3% of implanted patients and
most are asymptomatic (247). Routine MRIs to rule out
intrathecal granulomas was not recommended by the
authors of this prospective study given the relatively
low incidence (247). The earliest sign of granuloma may
be increased pain despite increasing opiate infusion;
hence, clinical vigilance is of prime importance. Other
complications of IDDS include catheter kinking, catheter fracture/leakage, catheter migration, cerebrospinal fluid (CSF) leak, seroma, hygroma, infection, pump
erosion through the skin, and medication side effects
including but not limited to pruritus, nausea, vomiting,
respiratory depression, and cognitive side effects.

4.0 Discussion
This systematic review provides limited evidence
for the effectiveness of intrathecal infusion systems in
managing chronic non-cancer pain. The evidence is assessed for intrathecal opioid infusion systems in providing significant pain relief and functional improvement
both short-term and long-term for chronic nonmalignant pain. The results of this systematic review are con-
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Table 11. Effectiveness of intrathecal infusion systems.
Study
Deer et al
(196)
Roberts et al
(197)

Methodological
Quality Scoring

Participants

Interventions

O

8/12

166 patients

Trialed for drug-delivery
systems

O

8/12

88 patients

8/12

38 intrathecal
pump recipients
and 31 intrathecal
candidates who
had an unsuccessful trial or
declined the IT
therapy, and another group of 41
patients that were
newly referred.

Prospective evaluation of
IT opioid treatment for
chronic non-malignant
pain

Thimineur et
al (198)

O

Winkelmüller
and
Winkelmüller
(199)

Pain Relief and Function

Study
Characteristics

O

8/12

8/12

≥ 12 mos.

↓Pain
↑Function

↓ Pain
↑ Function

N/A

P

Intrathecal opioids administered via totally implanted
↓ Pain
drug administration
↑Function
systems at 2 centers

↓ Pain
↑ Function

N/A

P

N/A

↓ Pain
↑ Function

N/A

P

120 patients

Retrospective study, infusion pump for continuous
intrathecal opioid therapy
for chronic nonmalignant
pain

↓ Pain
↑Function

↓ Pain
↑ Function

N/A

P

110 patients

A prospective observational study to evaluate the
accuracy and efficacy of IT
morphine administration
pump for the treatment of
chronic intractable nonmalignant and cancer pain.

↓ Pain
↑Function

N/A

P

N/A

126 patients

Retrospective study, coadministration of bupivacaine
with opioids during the initial phase of opioid titration
and up to one year after
implantation of an IT drug
delivery system (IDDS)

↓ Pain

↓ Pain

P

N/A

58 patients

Prospective study of IDDS
with low dose IT opioids
↓ Pain
for the treatment of chronic
↑Function
noncancer pain over a
period of 3 years.

↓ Pain
↑ Function

P

P

Veizi et al
(201)
O

8/12

Hamza et al
(202)
O

8/12

Long
Term
Relief
≥ 12 mos.

< 12 mos.

Rauck et al
(200)
O

Short
Term
Relief
< 12 mos.

O = Observational; IT = intrathecal; P=positive; N=negative; N/A = not applicable

sistent with the findings from the systematic review of
Hayek et al (16) and Patel et al (18) along with the recommendations of the ASA Task Force on Chronic Pain
Management and the ASRA (17).
ACOEM practice guidelines for the treatment of
low back pain and the APS guidelines for the evaluation and management of low back pain (2-6) were
unable to provide any clear rationale for conclusions
that did not recommend IDDSs for treatment of most
chronic nonmalignant pain conditions on the basis of

www.painphysicianjournal.com

insufficient evidence. In their rationale against recommending IDDSs, however, they note that there may be
an indication for those who have failed multiple trials
of different oral medications and other treatments and
have undergone independent psychological consultation including psychometric testing that does not reveal
a contraindication to implantation.
Both the ACOEM and APS guidelines are poorly organized, lack a systematic approach to evaluating the
literature, use assessment tools that are not considered
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standard, present their analysis in a disorganized fashion, are devoid of input from pain medicine physicians,
make conclusions that are often inconsistent and based
on an incomplete review of the literature, and/or rely
on outdated research while ignoring more recent high
quality published studies.
In 2004, Deer et al (196) obtained data on patient
demographics, clinical practices, and long-term outcomes for patients with chronic low back pain treated
with implantable drug-delivery systems. There were 36
physicians that enrolled 166 patients to be trialed for
drug-delivery systems. There were 154 of the 166 patients that had successful trials and 136 of the successfully trialed patients went on to pump implantation.
The data were prospectively collected at baseline, trial,
6 months, and at 12 months. The data gathered at baseline and at the trial included information such as age
and gender, underlying cause of pain and previous pain
treatments, work status, trialing site, and trial methodology. At 6 and 12 month follow-ups, data were collected
on therapy outcomes, use of concomitant therapies, and
patient work status. The IDDS group experienced a statistically significant reduction of numeric pain ratings
when ratings were compared between baseline and 6
months and between baseline and 12 months. The numeric pain rating was reduced by more than 48% for
back pain and 32% for leg pain at 12 months. At baseline, nearly 30% of the IDDS group had an Oswestry Disability Index (ODI) in the minimal to moderate disability
range and 60% were in the severe disability range. By
the 6 month follow-up, there were 65% in the minimal
to moderate disability range. At the 12 month follow up,
73% were in the minimal to moderate disability range.
Those in the severe disability range decreased to 30%
and 22% respectively at the 6 and 12 month follow-up.
At 12 months, 42% of the IDDS patients had reduced
their use of oral opioids. At the 12 month follow-up,
87% of the IDDS group stated a fair to excellent quality of life (QOL), 80% were satisfied with the IDDS, 87%
would repeat the implant, and 87% would recommend
IDDS to a friend or family member. Adverse events were
reported in 23 patients receiving an IDDS implant and 21
required surgery to correct the problem. Adverse events
included infection, dislodgment/migration, and CSF leak.
The most common adverse event was a reaction to the
medication. Other reported events that were infrequent
included catheter kinking and fractures. This study found
that IDDSs are successful in managing chronic low back
pain in patients who have not found effective relief with
other therapies.
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In Roberts et al study (197), 88 patients with chronic non-cancer pain present on average for 9.8 years
were evaluated following treatment with intrathecal
opioids for an average duration of 36.2 ± 2 months
and a maximum of 4 years. All patients who had been
treated with intrathecal opioids by implanted drug
administration systems for at least 6 months were included and evaluated by a self-administered questionnaire. Information collected included pain duration,
pain treatments prior to IDDS, work status, medication
consumption, technical complications, and side effects
of therapy. The mean global pain relief was 60% and
74% of patients reported an increase in activity levels
post IDDS implant. Opioid consumption as measured by
the Medication Quantification Scale (MQS) was 31.2 ±
2.6 prior to IDDS and 12.7 ± 1.4 (P < 0.0001). There was
no change in work status (P = 0.9999). The mean intrathecal morphine dose increased from 9.95±1.49 mg/
day at 6 months to 15.26 ± 2.52 mg/day at 36 months
after initiation of therapy, suggesting that intrathecal
opioid therapy is not significantly affected by the development of tolerance.
Side effects associated with opioids during IDDS
were excessive sweating; weight gain; decreased concentration, cognition, or memory; nausea and vomiting; arthralgias; peripheral edema; pruritus; decreased
libido; erectile dysfunction; and menstrual abnormalities. The most frequent complications found in this
study were catheter dislodgement, occlusion, and nerve
root irritation that resolved after catheter repositioning. Other complications included pump reposition
due to pressure on the lower ribs and device rotation,
pump removal and replacement due to malfunction,
pump leakage, pocket hematoma, and wound infection. Pumps were permanently removed in 5 patients
due to ineffective analgesia in 3 patients and neurological events in 2 patients -- a foot drop from an epidural
hematoma after a catheter revision and an incidental
brainstem cerebrovascular accident. Overall, 88% of the
patients were satisfied with their IDDS. In conclusion,
this study demonstrated improvement in analgesia and
self-reported activity levels, a reduction in medication
intake, and high levels of patient satisfaction with longterm intrathecal opioid administration via the IDDS.
Thimineur et al (198), in a prospective evaluation
of the long-term outcome of intrathecal opioid therapy
in chronic non-malignant pain, included 2 comparative
groups. The study included 38 pump recipients, 2 comparative groups consisting of 31 intrathecal candidates
and 41 newly referred patients. Pump recipient sub-
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jects (PR) were those patients who had a successful trial
and later received an implant. A non-recipient control
group consisted of those patients who either underwent an unsuccessful trial (< 50% pain relief, or intolerable side effects) and/or for other reasons elected not
to pursue intrathecal treatment. A second comparative
group included a new patient (NP) group encompassing
newly referred patients over a 4-month time period.
The PR and NP patients completed identical questionnaire packets at baseline and at 6 month intervals
up to 36 months. The NP group completed the same
questionnaire twice, once at baseline and at 36 months.
The following data were collected and analyzed at
baseline and at 6 month intervals over a 3-year period,
and included the Symptom Checklist 90 (SLC-90), SF-36
Health Survey (SF-36), Beck Depression Inventory (BDI),
McGill Pain Questionnaire (MPQ) (short form), ODI, pain
drawings and pain rating on Visual Analog Scale (VAS),
and morphine equivalent opioid intake. The data from
the questionnaires were categorized into pain, function, and mood groups. During the study all subjects
received other pain therapies as per the standard of
care in the practice. This included the provision of oral
and transdermal medications, psychological counseling
and behavioral treatments, therapeutic injections (trigger points, spinal injections, nerve blocks), and physical
therapy.
A total of 88 pump candidates enrolled into the
study. Of these, 69 completed the study at 36 months
with 38 in the PR group and 31 in the non-recipient
group. 59 new patients enrolled in the other comparative group with 41 completing the study at 36 months.
The mean baseline scores on all pain measures (VAS,
SCL-90R [SOM], Pain Drawing, McGill) were significantly
lower in the NP group (P < 0.0000, 0.001, 0.002, and
0.002 respectively) compared to PR and NR groups. At
36 months the NP group (SCL-90R somatization scale,
VAS, Pain Drawing, McGill) significantly improved in all
4 pain measures (P < 0.000001, 0.000001, 0.001, 0.0001)
and the PR group (SCL-90R somatization scale, VAS, McGill) significantly improved in 3 of 4 pain measures (P <
0.0001, 0.000001, 0.01) at 36 months. The NR scores had
significantly worsened at 36 months.
The NP group did better than the PR and NR
groups in regard to significant improvement in regards
to function on the SF-36 (P < 0.000001) and the ODI (P
< 0.000001) at 36 months. The PR group also showed
functional improvement on the ODI (P < 0.01), but not
on the SF-36. The NR group showed decreased functioning at 36 months.
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The NP group mood scores were significantly better than the PR and NR groups on all measures (SCL-90
anxiety scale, SCL-90 depression scale, BDI) at baseline.
The NP (P < 0.000001, 0.000001, 0.000001) and PR (P <
0.001, 0.001, 0.01) groups showed significant improvement on these measures while the NR group scores
were significantly worse.
The average daily oral morphine and transdermal
fentanyl use for PR group was significantly greater
than the NR (P < 0.002, P < 0.003) and NP (P < 0.0000,
P < 0.002) groups at baseline. The average daily oral
morphine dose had significantly decreased for the PR
group (P < 0.0000) and increased for the NR group (P
< 0.0000) and the NP group (P < 0.005). At 36 months,
the average hourly transdermal fentanyl dose had significantly decreased in the PR group, but increased in
the NR group. The NP group also decreased but not to
a significant degree.
Adverse events reported included pump pocket infections in 2 patients and kinking of the catheter in one
patient requiring a revision. One patient experienced
a transverse myelitis necessitating removal of the system and high dose steroids. Side effects included sedation, nausea, edema, and hypogonadism -- no patient
required treatment and no one opted to discontinue
the IDDS therapy.
This study concluded that intrathecal treatment
had a significant impact on pain, function, and mood.
The NP and PR groups had similar improvements in all
3 areas despite markedly different baselines and differences in opioid therapy. Patients with greater chronic
pain as seen in the PR and NR groups require higher
doses than those with less severity as seen in the NP
group and tend to respond positively to them. Despite
the improvement in the PR group, they ended up less
functional and with more self-rated pain and mood disturbances at 3 years compared to the NP group. The NR
group deteriorated despite the escalation of oral opioids and provision of injection treatments. Intrathecal
opioid therapy for non-malignant pain should be considered appropriate only when all other conservative
medical management has been exhausted.
The purpose of Winkelmüller’s and Winkelmüller’s
study (199) was to examine, in a retrospective manner,
the questions of dependency, tolerance, side effects,
and long-term effects in a large number of patients
subjected to this treatment. A total of 162 patients
were provided with an infusion pump for continuous
intrathecal opioid therapy for chronic nonmalignant
pain. The retrospective study included 120 of those pa-
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tients as 42 records could not be located. The followup period of this study ranged from 6 months to 5.7
years with a mean of 3.4 years ± 1.3. The patients were
divided into 4 groups for comparison based on their
underlying pathophysiology that included nociceptive,
neuropathic, mixed nociceptive-neuropathic, and deafferentation pain. Data collected included VAS (0 = no
pain to 100 = unbearable pain), activity level, mood,
and subjective assessment of QOL. There was an evaluation at baseline prior to pump implantation, a first follow-up at 6 months post pump implantation, and at a
last follow-up after pump implantation. There were 82
patients for whom data were collected at baseline, the
first follow-up, and the last follow-up. By group there
were 10 nociceptive, 5 neuropathic, 49 mixed nociceptive-neuropathic, and 18 deafferentation patients.
The average VAS at baseline, first follow-up and
last follow-up for all groups combined was 93.6, 30.5,
and 39.2 respectively. The nociceptive group had an average VAS of 94 (baseline), 22.2 (first follow-up), and
48.4 (last follow-up). The neuropathic group had an average VAS of 97.2 (baseline), 35 (first follow-up), and 37
(last follow-up). The mixed group had an average VAS
of 92.7 (baseline), 32.9 (first follow-up), and 40.7 (last
follow-up). The deafferentation group had an average
VAS of 94.8 (baseline), 27.6 (first follow-up), and 30.3
(last follow-up). The neuropathic and deafferentation
groups had the lowest average VAS scores at the last
follow-up although there was no statistical difference
between these 2 groups and the mixed group. The nociceptive group had the least reduction in VAS of the 4
groups.
In regards to activity, 94% of all the patients were
passive or socially withdrawn due to the intense pain
at the baseline evaluation. There was a significant improvement in activity at the last follow-up evaluation
with only 43% of the patients (P < 0.001) classified as either passive or socially withdrawn. Mood also improved
significantly at the last follow-up evaluation with 33%
of patients reporting despair and depression compared
to 88% at the baseline evaluation (P < 0.001). QOL was
improved in 81% of patients at the last follow-up with
92% satisfied with their intrathecal pump therapy. During the intrathecal treatment 30 of the 82 patients did
not take any additional medications. Mild sedatives
were used occasionally by 14 patients and 12 patients
used mild analgesics. Nine patients used strong sedatives and 17 patients used strong analgesics occasionally. There was no statistical correlation between pain
and the use of additional medications.
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Adverse effects required the replacement of 14
pumps due to skin perforations, irregular flow rates,
refilling issues with a pump that had a single diaphragm for drug and bolus chambers, and an infection
near a pump pocket. There were 25 surgical revisions
for catheter disconnections or dislocations. Of the 120
patients, 25 pumps were explanted due to side effects
from the intrathecal opioid (6), dural leak (5), opioid
tolerance (3), addictive behavior (4), illness unrelated
to the pump therapy (3), infection near pump pocket
(1), lack of response to the intrathecal therapy (1), and
unknown (2). Short-term side effects included constipation, disturbed micturition, nausea, vomiting, and pruritus at the beginning of therapy. Potency problems,
loss of libido, and amenorrhea occurred for a period of
6 to 8 months after the beginning of treatment in some
cases. Long-lasting side effects from intrathecal therapy
included sweating and edema formation.
The authors concluded that the long-term use of intrathecal opioid therapy for nonmalignant pain should
be used in carefully selected patients based on the results of their study. Intrathecal therapy was successful in
providing good results in 74.2% of the patients in this
study. They noted that pain was reduced by approximately 60% over the long-term and there was significant improvement in activity, mood, and QOL.
Rauck et al (200) evaluated 110 patients in a prospective, non-randomized, open-label, multi-center (7
sites) investigational device exemption study approved
by the Food and Drug Administration (FDA) for the Prometra® IDDS. Patients were assessed monthly for up to
6 months. The patients consisted of those with cancer
pain requiring strong opioids, chronic nonmalignant
pain with a numeric rating scale (NRS) score ≥ 4, and/
or those requiring a pump replacement that had documented pain relief with intrathecal morphine infusion.
All but 3 cancer patients had chronic nonmalignant
pain. The primary endpoint was to evaluate the cumulative accuracy of drug delivery as determined by the
ratio of the delivered to programmed drug volume (DP
ratio) for all refills per patient with a 90% confidence
interval within 85% - 115%. The secondary endpoints
consisted of efficacy, VAS, NRS, ODI, and serious adverse
events (SAEs). Accuracy data was collected from 107 patients, 3 patients had their pumps explanted prior to
their first refill due to pump incision infections.
Efficacy data were collected from 102 patients, 8
patients were excluded because their baseline NRS score
was < 4. The mean per patient accuracy of drug delivery
was 97.1% with a 90% confidence interval of 96.2% -
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98.0%, and for all individual visits the accuracy of drug
delivery was 97.2% with a 90% confidence interval
96.1% - 98.3%. Accuracy was maintained at a 90% confidence interval between 85% - 115% at each of the 6
months. Five of the 107 patients fell outside of the confidence criteria of 85% - 115%. There were 5 different
flow rate groups and there were no significant differences for the accuracy of drug delivery noted between
the flow rate groups (P > 0.05). The accuracy of drug
delivery was dependent on residual volume where only
the highest of the 5 residual volume groups (16 - 20
ml) was statistically different compared to the other 4
residual volume groups that had a higher consistency of
accuracy (P < 0.05). There was a statistically significant
reduction in pain (VAS, NRS) (P < 0.0001) and disability
(ODI) (P = 0.0001 to P = 0.0041) each month. Decreases
in pain and disability were reported at 68.4% of patient
visits. No unanticipated adverse events or device complications were reported. The authors concluded that
the Prometra pump provides an accurate, effective, and
safe system for intrathecal administration of morphine
sulfate for treatment of chronic intractable pain.
There were 43 side effects in 28 of the 110 patients
(25.5%), the most common being procedural pain, nausea, and implant site pain and/or edema. The rest of
the side effects included infection, hematoma, pain, abscess, nausea and vomiting, drug withdrawal syndrome,
lumbar puncture syndrome, and temporary paralysis
which resolved with treatment. 18 of the 110 patients
(16.4%) experienced device-related complications that
consisted of catheter migration, catheter tear or break,
pump migration, catheter occlusion, and pump flip.
Surgery was required in 13 of the 110 patients to replace or correct the catheter due to migration, occlusion, and tears or breaks. The authors concluded that
the Prometra programmable IT pump system provided
accurate drug delivery in 95.3% (102 of 107) of patients
with significant improvement in pain and function.
The purpose of Veizi et al’s study (201) was to examine the effect of intrathecal co-administration of
bupivacaine with opioids during the initial phase of
opioid titration and up to one year after implantation
of an IDDS. In a retrospective manner, data from 126
consecutive noncancer intractable pain patients were
collected and analyzed. Pain intensity, amount of oral
opioids, dose, rate, concentration of IT opioids and bupivacaine, and number and type of IT medication used
were recorded at preimplant and post implant at 3, 6,
and 12 months postimplant.
There were 2 cohorts derived from 171 IDDS pa-

www.painphysicianjournal.com

tients of which 45 were excluded due to cancer pain,
only baclofen infusion, opioids not infused, initial opioid was not morphine or hydromorphone, or a combination that did not include local anesthetics. 72
patients were infused with an opioid (O) (morphine
or hydromorphone) as a single medication and 54 patients were infused with an opioid (O) (morphine or
hydromorphone) and a local anesthetic bupivacaine
(O+B). In the O cohort there were 42 with failed back
surgery syndrome (FBSS), 5 with complex regional pain
syndrome (CRPS), 6 with spinal cord pathology, 3 with
visceral pain, and 16 patients with various types of pain,
including postherpetic neuralgia, diabetic peripheral
neuropathy, and vertebral fracture due to severe osteoporosis. From the O+B cohort 27 patients had FBSS, 5
had CRPS, 3 had spinal cord pathology, 4 had visceral
pain, and 15 had various types of chronic and neuropathic pain. The IT therapy was analyzed over the initial
12 months postimplant. During the first year postimplant, there were changes in the medications. This was
seen in particular in many of the patients in the IT O
cohort where bupivacaine was added at either 3, 6, or
12 months. Nevertheless, an intent-to-treat analysis was
performed and patient data were analyzed based on
the initial assigned treatment group.
There was a significant reduction in pain intensity
in the O and O+B groups at 12 months. The O group
average pain improved significantly from baseline with
an average of 7.42 ± 2.1 to 5.85 ± 2.8 (P < 0.001) at
12 months. The O+B group average pain also improved
significantly from baseline with an average of 7.35 ± 2.0
to 5.03 ± 2.4 (P < 0.001) at 12 months. There was no significant difference in the degree of pain relief between
the 2 groups (P = 0.09). The combination of opioids
with bupivacaine (O+B) from the start of IT infusion
treatment resulted in a reduced progression of opioid
dose escalation in comparison to patients started with
opioids (O). The rate of increase of IT opioids in the O
group at 12 months was 535 ± 180% compared to the
O+B group where the dose increase was significantly
lower at 185 ± 85% (P < 0.004).
In both groups, there was a statistically significant
decrease in oral opioid consumption compared to preimplant doses. The average morphine equivalent daily
dose (MEDD) at baseline was 138 ± 112 and 126 ± 87
mg/day in the O and O+B groups respectively. Oral opioid doses in the O cohort decreased to postimplant values of 100 ± 173 mg at 3 months, 81 ± 104 at 6 months,
and 64 ± 93 at 12 months (P < 0.001). The average
MEDD in the O+B cohort at postimplant also declined
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significantly to 126 ± 87 mg/day at 3 months, 108 ± 124
mg/day at 6 months, and 72 ± 102 mg/day at 12 months
(P = 0.0.01). There was no difference in the opioid dose
decrease between the O and O+B groups over the 12
months (P = 0.18).
Adverse effects resulting from the addition of bupivacaine include numbness, paresthesia, and weakness; bowel and bladder dysfunction, and rarely, hypotension, all of which are reversible by decreasing the
dose of bupivacaine. No major adverse effects were
reported.
The authors in this study demonstrated that the
addition of bupivacaine to opioids from the onset of
IT infusion therapy resulted in the reduction of opioid
dose escalation in patients with chronic nonmalignant
pain. In addition, there was a significant reduction in
the use of oral opioids.
Hamza et al (202) evaluated 61 consecutive patients in a 3 year prospective study to determine the efficacy of low dose intrathecal opioids for the treatment
of chronic noncancer pain. All 61 patients underwent
an IT trial with opioids after being weaned to 50% of
their baseline over 3 to 5 weeks. Fifty-eight of the patients had a successful trial and underwent IT pump
implantation.
The implanted patients were assessed at baseline
and at 6 month intervals post operatively ending at 36
months. At baseline and at each 6 month follow up the
58 patients completed the Brief Pain Inventory (BPI)
which determined worst pain, average pain, physical
function, and behavior. The Patient Global Assessment
(PGA) was also completed to assess pain and function
at baseline and at the 6-month follow up visits. Oral
opioids were recorded as morphine equivalents at
baseline, 3 months post implant and every 6 months
post implant up to 36 months. IT opioids were also
documented as morphine equivalents at each of the 6
month follow up visits.
There was substantial improvement in all of the
BPI outcome measures (P < 0.001) from baseline to 36
months which encompassed BPI worst and average
pain, BPI physical function scale (BPI-PFS), BPI behavior
scale (BPR-BS), and BPI enjoyment scores. The PGA from
baseline to 36 months demonstrated a reduction in
pain by 65.2% (range 20-95%, SD [standard deviation]
= 21.8%); and an improvement in function by 42.7%
(range 10-80%, SD = 19.4%). Although there was a
statistically significant increase in the IT dose from 6 to
36 months (P < 0.001), the average increase was only
11.4% over 3 years. Oral consumption of opioids were
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considerably reduced at 3 months post implant compared to baseline (P < 0.001) from 126.71 mg/day (95%
confidence interval [CI] = 100.83-152.58 mg/day, standard error [SE] = 12.92) to 3.80 mg/day (CI = 2.01-5.60,
SE = 0.90). This was a 97% reduction in the use of oral
opioids at 3 months which remained unchanged over
the 3 years of follow up.
The side effects reported in this study consisted of
wound infection (5%), peripheral edema (3%), pruritus
(5%), and seroma (3%). Two patients with wound infection were explanted and re-implanted 6 weeks later.
This study showed that long term low dose IT opioid pump therapy can be very effective in controlling
chronic noncancer pain. There was substantial and sustained pain relief and functional improvement. In addition, there was only a small increase in IT opioids over
the 3 year period and a large reduction in the use of
oral opioids.
In a consensus guideline statement (248), the panel
unanimously agreed that appropriate patient selection
is vital to achieving successful outcomes with chronic
intrathecal analgesic therapy; however, specific patient
selection indications for implantation with IDDS are not
supported by rigorous, literature-based scientific data.
The ultimate determination to proceed with intrathecal
therapy requires the resolution of 2 principal overlapping decisions—who to implant and when to implant
the patient with an internalized device. Although it is
challenging to ascertain optimal timing for the initiation of intrathecal therapy, various indicators may signal that a patient is “ready” for this aggressive form
of treatment. To optimize clinical practice in the absence of evidence-based guidance or validated tools for
chronic intrathecal analgesic therapy patient selection,
the panel assembled a set of arbitrary, multidisciplinary
issues that merit consideration during individualized
risk-versus-benefit evaluations (Table 12).
By utilizing a multifaceted approach—with consideration of a patient’s physical, psychological, and social
characteristics—practitioners can determine the appropriateness of initiating IT therapy, thus minimizing the
potential for treatment failure, unacceptable adverse
effects, and excess mortality. Related psychological factors influencing patient selection and appropriate timing for intrathecal therapy initiation can be appraised
during an interactive patient interview, a step in the
patient selection process that the panel deemed crucial
to the success of therapy.
Overall, the studies have shown a long-term benefit from intrathecal infusion devices used for chronic
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Table 12. Key considerations for selection and implantation of patients with noncancer pain for intrathecal therapy.

Contraindications for Immediate Trial/Implant

Indications to Proceed With Trial/Implant

• I mmunocompromised patients at high risk for infection or patients
presenting with an active infection

• An appropriate diagnosis of the patients pain has been established

• P
 atients presenting with severe psychological conditions, including
untreated significant addiction; active psychosis with delusional/
hallucinatory components; major uncontrolled depression/anxiety;
active suicidal or homicidal behavior; serious cognitive deficits; or
severe sleep disturbances

• Chronic pain results in significant interference with activities of daily
living, including ability to work, and overall quality of life

• C
 urrent or anticipated lack of insurance coverage or means to pay
out-of-pocket for both surgical implantation and ongoing medication refills/reprogramming

• Preexisting medical comorbidities are well-controlled and appropriate disease-specific guidelines are followed pre- and
post-implantation

• I nability to comply with medication refill schedule due to geographic limitations

• Patients presenting without any severe or uncontrolled psychological
conditions
• Patient has tried and failed to achieve sufficient analgesia with less
invasive therapies
• Patients in which oral opioid therapy is contraindicated (eg, a patient
who has difficulties managing his/her medications, an individual
with certain comorbid conditions in which oral opioids have the
potential for severe adverse effects)

non-cancer pain. Although the life span of patients
should be considered several decades after pump implants, studies seem to show a stable rate of analgesia
at least for less than 10 years. This effect may not be as
pronounced once the period is extended to more than
a decade. Also, the formation of inflammatory masses
in the form of granulomas is a major deterrent with
this modality. As previously thought, the granuloma
formation does not depend on the drug itself and has
been seen with morphine as well as baclofen infusions.
A Canadian study demonstrated the cost effectiveness
of intrathecal infusion devices. Kumar et al (249) looked
at the cost of implanting a programmable drug delivery pump vs. conservative treatment of chronic pain.
Their population consisted of failed back syndrome
patients. Successful outcomes were measured using
the pain scale, ODI, and QOL. The cumulative costs for
intrathecal drug delivery during a 5-year period were
$29,410, as opposed to $38,000 for conservative treatments. High initial costs of equipment required for intrathecal drug delivery were recovered by 28 months.
After this time, managing patients with conservative
treatments became more expensive for the remainder
of the follow-up period. The ODI showed a 27% improvement for patients in the intrathecal drug delivery
group, compared with a 12% improvement in the control group. This is an important finding and may help
justify the initial cost of the implantable pump system.
However, considering the life of the programmable
pump, there is obviously a high added cost for main-
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taining this treatment option beyond the initial life of
the pump for the patient’s life span.
The limitations of this systematic review include
the paucity of literature. There were no randomized
trials available meeting the inclusion criteria. Furthermore, there are also very few observational studies.
Systematic reviews in interventional pain management
are signs of progress in the effort to keep pace with advances in health care innovations. Systematic reviews
have been growing at a rapid pace in interventional
pain management (250,251). Systematic reviews are at
the core of evidence-based medicine which is a shift in
medical paradigms that acknowledges that intuition,
unsystematic clinical experience, and pathophysiologic
rationale are insufficient grounds for clinical decisionmaking (120,252,253). In the hierarchy of strength of
evidence for treatment decisions, N of 1 randomized
controlled trials (RCT) occupy the top place, followed
by systematic reviews of randomized trials, systematic
reviews of observational studies, and finally unsystematic clinical observations. Thus, observational studies
and their systematic reviews are lower in the hierarchy than the randomized trials and their systematic
reviews. Randomized trials provide valuable evidence
about treatments and other interventions. However,
most of the research in clinical practice comes from
observational studies (129,254,255). Randomized trials
work by first assuming there is no difference between
a new and an old or placebo treatment to prove the
null hypothesis (256). In simplistic terms, standard RCTs
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are designed to show that treatments do not work,
rather than to demonstrate that treatments do work.
Numerous criticisms, politics, and a lack of understanding of randomized trials have resulted in allegations
that the research performed to test new treatments
has often been of poor quality. Thus, clinicians have
criticized the research establishment for failing to provide answers to relevant clinical problems of everyday
practice (257,258). Most questions in medical research
are investigated by observational studies (19,259-277)
which are more likely to provide an indication of daily
medical practices (278). Proponents of observational
studies, therefore, believe that observational studies
are just as effective as RCTs. However, from a methodological perspective, the 2 types of studies are considered complementary rather than opposing (271).
Thus, observational studies and RCTs can be viewed in
the setting of modern clinical research as expressions
of the steps of observation and experimentation that
form the basis of scientific methodology. The observational step is used to uncover patterns and formulate
hypothesis regarding cause-and-effect relationships,
followed by the experimentation step in which the
hypotheses formed in the observational setting are
confirmed or refuted in an experiment in which the
independent variables are controlled by the experimenter (271,279,280). A major drawback of observational research is that of poor reporting, as it results in
an inability to assess the strengths and weaknesses of
the investigations (129,255,279,280). These deficiencies can be overcome by an assessment of the methodological quality of observational studies. There are
several instruments for methodological quality assessment of randomized trials (253). In this systematic
review, we have utilized West et al’s (281) criteria as
described by the Agency for Healthcare Research and
Quality (AHRQ) evidence report of technology assessment. They assessed 19 systems relating to observational studies or investigations prior to developing the
criteria. Consequently, we believe that this systematic
review provides appropriate information.
The major argument made by researchers is
that interventions such as intrathecal implantables
may not be performed in a double blind manner.
However, they can be performed as equivalence or
non-inferiority trials with randomization, but without blinding. In fact, multiple studies describing interventions have been performed in this manner
(259,262,264,282-299).
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5.0 Conclusion
In summary, the evidence for the use of intrathecal opioid infusion systems for the treatment of chronic
non-cancer pain is limited based on this systematic review with both short-term and long-term pain relief
and functional improvement. The conclusions rendered
from this systematic review are based on the absolute
lack of literature and a limited number of moderate
quality studies. Therefore, there is a great need for
more robust clinical research to have a clearer understanding on the use of intrathecal opioid infusion systems for the treatment of chronic non-cancer pain. In
addition to more vigorous clinical research, it is vitally
important that those who involve themselves in the
assessment of medical and surgical treatments for any
medical disorder do so in an honest, responsible, and
accountable way with integrity, independence, transparency, consistency, and without any secondary gain.

Acknowledgments
The authors also wish to thank Vidyasagar Pampati, MSc, for statistical assistance; Sekar Edem for assistance in the search of the literature; Alvaro F. Gómez,
MA, and Laurie Swick, BS, for manuscript review; and
Tonie M. Hatton and Diane E. Neihoff, transcriptionists,
for their assistance in preparation of this manuscript.
The authors thank Pain Physician for permission to reproduce Hayek et al’s manuscript from 2011 (16). We
would like to thank the editorial board of Pain Physician
for review and criticism in improving the manuscript.

Author affiliations
Dr. Frank Falco is Adjunct Associate Professor, Temple University Medical School, Philadelphia, PA; Director, Pain Medicine Fellowship Program, Temple University Hospital, Philadelphia, PA; and Medical Director,
Mid Atlantic Spine & Pain Physicians, Newark, DE.
Dr. Vikram Patel is Medical Director of ACMI Pain
Care, Algonquin, IL.
Dr. Hayek is Associate Professor, Department of
Anesthesiology, Chief of the Division of Pain Medicine,
University Hospitals of Cleveland, Cleveland, OH, and a
member of the Outcomes Research Consortium, Cleveland, OH.
Dr. Deer is Medical Director, The Center for Pain
Relief, Charleston, WV, and Clinical Professor, Anesthesiology, West Virginia University School of Medicine,
Charleston, WV.

www.painphysicianjournal.com

Intrathecal Infusion Systems for Managment of Non-Cancer Pain

Ms. Geffert is Director of Research and Education
and Administrative Assistant at Mid Atlantic Spine &
Pain Physicians of Newark, DE, and Fellowship Coordinator at Temple University Hospital, Philadelphia, PA.
Dr. Zhu is Adjunct Assistant Professor, Temple University Medical School, Philadelphia, PA; Faculty, Pain Medicine Fellowship Program, Temple University Hospital, Philadelphia, PA; and Attending Physician, Mid Atlantic Spine
& Pain Physicians, Newark, DE, and Elkton, MD.
Dr. Onyewu is Attending Physician, Mid Atlantic
Spine & Pain Physicians, Newark, DE, and Elkton, MD;
Faculty, Pain Medicine Fellowship Program, Temple Uni-

versity Hospital, Philadelphia, PA; and Adjunct Assistant
Professor, Temple University Medical School, Philadelphia, PA.
Dr. Coubarous is Attending Physician, Mid Atlantic
Spine & Pain Physicians, Newark, DE.
Dr. Howard Smith is Professor & Academic Director
of Pain Management, Albany Medical College, Department of Anesthesiology, Albany, NY.
Dr. Manchikanti is Medical Director of the Pain
Management Center of Paducah, Paducah, KY, and
Clinical Professor, Anesthesiology and Perioperative
Medicine, University of Louisville, Louisville, KY.

References
1.

2.

3.

4.

5.

6.

Turner JA, Sears JM, Loeser JD. Programmable intrathecal opioid delivery systems for chronic non-malignant pain:
A systematic review of effectiveness and
complications. Clin J Pain 2007; 23:180195.
American College of Occupational and
Environmental Medicine (ACOEM) Low
Back Disorders. In: Occupational Medicine Practice Guidelines: Evaluation and
Management of Common Health Problems
and Functional Recovery of Workers. Third
Edition. OEM Press, Beverly Farms, 2011.
Chou R, Huffman L. Guideline for the
Evaluation and Management of Low Back
Pain: Evidence Review. American Pain Society; Glenview, IL; 2009. www.ampainsoc.org/pub/pdf/LBPEvidRev.pdf
Chou R, Loeser JD, Owens DK, Rosenquist RW, Atlas SJ, Baisden J, Carragee EJ,
Grabois M, Murphy DR, Resnick DK, Stanos SP, Shaffer WO, Wall EM; American
Pain Society Low Back Pain Guideline
Panel. Interventional therapies, surgery,
and interdisciplinary rehabilitation for
low back pain: An evidence based clinical practice guideline from the American
Pain Society. Spine (Phila Pa 1976) 2009;
34:1066-1077.
Chou R, Atlas S, Stanos S, Rosenquist R.
Nonoperative interventional therapies
for low back pain: A review of the evidence for an American Pain Society clinical practice guideline. Spine (Phila Pa
1976) 2009; 34:1078-1093.
Chou R, Baisden J, Carragee EJ, Resnick
DK, Shaffer WO, Loeser JD. Surgery for
low back pain: A review of the evidence
for an American Pain Society clinical
practice guideline. Spine (Phila Pa 1976)

www.painphysicianjournal.com

7.

8.

9.

10.

11.

12.

13.

2009; 34:1094-1109.
Manchikanti L, Singh V, Derby R, Schultz DM, Benyamin RM, Prager JP, Hirsch
JA. Reassessment of evidence synthesis of occupational medicine practice
guidelines for interventional pain management. Pain Physician 2008; 11:393482.
AGREE Collaboration (Appraisal of
Guidelines, Research, and Evaluation in
Europe [AGREE] Collaborative Group).
Appraisal of Guidelines for Research &
Evaluation (AGREE) Instrument, September 2001.
AGREE Collaboration (Appraisal of
Guidelines, Research, and Evaluation in
Europe [AGREE] Collaborative Group).
Appraisal of Guidelines for Research &
Evaluation (AGREE) Instrument Training
Manual. January 2003.
Kung J, Miller RR, Mackowiak PA. Failure of clinical practice guidelines to
meet Institute of Medicine standards:
Two more decades of little, if any, progress. Arch Intern Med 2012; 22:1-6.
American Medical Association, Office
of Quality Assurance. Attributes to Guide
the Development and Evaluation of Practice Parameters. American Medical Association, Chicago, 1990.
Field MJ, Lohr KN. Clinical Practice
Guidelines: Directions for a New Program.
Institute of Medicine, National Academy
Press, Washington, DC, 1990.
Manchikanti L, Datta S, Gupa S, Munglani R, Bryce DA, Ward SP, Bemyamin
RM, Sharma ML, Helm S, Fellows B,
Hirsch JA. A critical review of the American Pain Society clinical practice guidelines for interventional techniques: Part

14.

15.

16.

17.

18.

19.

2. Therapeutic interventions. Pain Physician 2010; 13:E215-E264.
Manchikanti L, Benyamin RM, Falco FJE, Caraway DL, Datta S, Hirsch JA.
Guidelines warfare over interventional
techniques: Is there a lack of discourse
or straw man? Pain Physician 2012; 15:E1E26.
Chou R, Atlas SJ, Loeser JD, Rosenquist RW, Stanos SP. Guideline warfare
over interventional therapies for low
back pain: Can we raise the level of discourse? J Pain 2011; 12:833-839.
Hayek SM, Deer TR, Pope JE, Panchal
SJ, Patel V. Intrathecal therapy for cancer and non-cancer pain. Pain Physician
2011; 14:219-248.
American Society of Anesthesiologists
Task Force on Chronic Pain Management; American Society of Regional Anesthesia and Pain Medicine. Practice
guidelines for chronic pain management: An updated report by the American Society of Anesthesiologists Task
Force on Chronic Pain Management
and the American Society of Regional
Anesthesia and Pain Medicine. Anesthesiology 2010; 112:810-833.
Patel VB, Manchikanti L, Singh V, Schultz DM, Hayek SM, Smith HS. Systematic review of intrathecal infusion systems
for long-term management of chronic non-cancer pain. Pain Physician 2009;
12:345-360.
Manchikanti L, Boswell MV, Vijay Singh
V, Benyamin RM, Fellows B, Abdi S,
Buenaventura RM, Conn A, Datta S,
Derby R, Falco FJE, Erhart S, Diwan
S, Hayek SM, Helm S, Parr AT, Schultz DM, Smith HS, Wolfer LR, Hirsch JA.

SE207

Pain Physician: April Special Issue 2013; 16:SE185-SE216

Comprehensive evidence-based guidelines for interventional techniques in
the management of chronic spinal pain.
Pain Physician 2009; 12:699-802.
20. Manchikanti L, Singh V, Caraway DL,
Benyamin RM, Falco FJE, Hirsch JA.
Physician payment outlook for 2012:
Déjà Vu. Pain Physician 2012; 15:E27-E52.
21. Manchikanti L, Singh V, Caraway DL,
Benyamin RM, Falco FJE, Hirsch JA.
Proposed physician payment schedule
for 2013: Guarded prognosis for interventional pain management. Pain Physician 2012; 15:E615-E627.
22. Manchikanti L, Caraway DL, Falco FJE,
Benyamin RM, Hansen H, Hirsch JA.
CMS proposal for interventional pain
management by nurse anesthetists: Evidence by proclamation with poor prognosis. Pain Physician 2012; 15:E641-E664.
23. Manchikanti L, Hirsch JA. Obamacare
2012: Prognosis unclear for interventional pain management. Pain Physician
2012; 15:E629-E640.
24. Klessinger S. Radiofrequency neurotomy for treatment of low back pain in
patients with minor degenerative spondylolisthesis. Pain Physician 2012; 15:E71E78.
25. Pak J. Autologous adipose tissue-derived
stem cells induce persistent bone-like
tissue in osteonecrotic femoral heads.
Pain Physician 2012; 15:75-85.
26. Birkenmaier C, Baumert S, Schroeder
C, Jansson V, Wegener B. A biomechanical evaluation of the epidural neurolysis
procedure. Pain Physician 2012; 15:E89E97.
27. Gazelka HM, Burgher AH, Huntoon
MA, Mantilla CB, Hoelzer BC. Determination of the particulate size and aggregation of clonidine and corticosteroids
for epidural steroid injection. Pain Physician 2012; 15:87-93.
28. Manchikanti L, Singh V, Hirsch JA. Saga
of payment systems of ambulatory surgery centers for interventional techniques: An update. Pain Physician 2012;
15:109-130.
29. Magalhaes FN, Dotta L, Sasse A, Teixera
MJ, Fonoff ET. Ozone therapy as a treatment for low back pain secondary to
herniated disc: A systematic review and
meta-analysis of randomized controlled
trials. Pain Physician 2012; 15:E115-E129.
30. Wang W, Sun YH, Wang YY, Wang YT,
Wang W, Li YQ, Wu SX. Treatment of
functional chest pain with antidepressants: A meta-analysis. Pain Physician
2012; 15:E131-E142.

SE208

31.

Wewalka M, Abdelrahimsai A, Wiesinger
GF, Uher EM. CT-guided transforaminal
epidural injections with local anesthetic,
steroid, and tramadol for the treatment
of persistent lumbar radicular pain. Pain
Physician 2012; 15:153-159.
32. Freidenstein J, Aldrete JA, Ness T. Minimally invasive interventional therapy for
Tarlov cysts causing symptoms of interstitial cystitis. Pain Physician 2012; 15:141146.
33. Wininger KL. Benefits of inferential statistical methods in radiation exposure
studies: Another look at percutaneous
spinal cord stimulation mapping [trialing] procedures. Pain Physician 2012;
15:161-170.
34. Li J, Feng Y, Han J, Fan B, Wu D, Zhang
D, Du D, Li H, Lim J, Wang J, Jin Y, Fu
Z. Linguistic adaptation, validation and
comparison of 3 routinely used neuropathic pain questionnaires. Pain Physician 2012; 15:179-186.
35. Luo DS, Zhang T, Zuo CX, Zuo ZF, Li H,
Wu SX, Wang W, Li YQ. An animal model for trigeminal neuralgia by compression of the trigeminal nerve root. Pain
Physician 2012; 15:187-196.
36. Chung SD, Kuo YC, Kuo HC. Intravesical
onabotulinumtoxinA injections for refractory painful bladder syndrome. Pain
Physician 2012; 15:197-202.
37. Wolter T, Kieselbach K. Cervical spinal
cord stimulation: An analysis of 23 patients with long-term follow-up. Pain
Physician 2012; 15:203-212.
38. Lee JH, Lee SH. Clinical effectiveness of
percutaneous adhesiolysis using Navicath for the management of chronic
pain due to lumbosacral disc herniation.
Pain Physician 2012; 15:213-221.
39. Serra G, Marchioretto F. Occipital nerve
stimulation for chronic migraine: A
randomized trial. Pain Physician 2012;
15:245-253.
40. Lee MG, Huh BK, Choi SS, Lee DK, Lim
BG, Lee M. The effect of epidural resiniferatoxin in the neuropathic pain rat
model. Pain Physician 2012; 5:287-296.
41. Bahrami P, Zebardast H, Zibaei M, Mohammadzadeh M, Zabandan N. Prevalence and characteristics of headache in
Khoramabad, Iran. Pain Physician 2012;
15:327-332.
42. Kloth DS, Calodney AK, Derby R, Lagattuta FP, O'Neill C, Yurth E, Miller LE,
Block JE. Improving the safety of transforaminal epidural steroid injections in
the treatment of cervical radiculopathy.
Pain Physician 2011; 14:285-293.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Abdulla S, Abdulla W, Eckhardt R. Caudal normal saline injections for the
treatment of post-dural puncture headache. Pain Physician 2011; 14:271-279.
Kharkar S, Ambady P, Venkatesh Y,
Schwartzman RJ. Intramuscular botulinum toxin in complex regional pain
syndrome: Case series and literature review. Pain Physician 2011; 14:419-424.
Manchikanti L, Singh V, Caraway DL,
Benyamin RM, Hirsch JA. Medicare physician payment systems: Impact of 2011
schedule on interventional pain management. Pain Physician 2011; 14:E5-E33.
Manchikanti L, Caraway DL, Parr AT,
Fellows B, Hirsch JA. Patient Protection
and Affordable Care Act of 2010: Reforming health care reform for the new
decade. Pain Physician 2011; 14:E35-E67.
Gentile DA, Woodhouse J, Lynch P, Maier J, McJunkin T. Reliability and validity of the Global Pain Scale with chronic
pain sufferers. Pain Physician 2011; 14:6170.
Manchikanti L, Parr AT, Singh V, Fellows B. Ambulatory surgery centers
and interventional techniques: A look at
long-term survival. Pain Physician 2011;
14:E177-E215.
Manchikanti L, Falco FJ, Benyamin RM,
Helm S 2nd, Parr AT, Hirsch JA. The impact of comparative effectiveness research on interventional pain management: Evolution from Medicare Modernization Act to Patient Protection and
Affordable Care Act and the PatientCentered Outcomes Research Institute.
Pain Physician 2011; 14:E249-E282.
Manchikanti L, Falco FJE, Singh V, Benyamin RM, Hirsch JA. The Independent
Payment Advisory Board. Pain Physician
2011; 14:E313-E342.
Park CH, Lee SH, Park HS. Lumbar retrodiscal versus post-ganglionic transforaminal epidural steroid injection for
the treatment of lumbar intervertebral
disc herniations. Pain Physician 2011;
14:353-360.
Park CH, Lee SH, Jung JY. Dural sac
cross-sectional area does not correlate
with efficacy of percutaneous adhesiolysis in single level lumbar spinal stenosis.
Pain Physician 2011; 14:377-382.
Manchikanti L, Falco FJE, Hirsch JA.
Necessity and implications of ICD-10:
Facts and fallacies. Pain Physician 2011;
14:E405-E425.
Amr YM. Effect of addition of epidural
ketamine to steroid in lumbar radiculitis: One-year follow-up. Pain Physician

www.painphysicianjournal.com

Intrathecal Infusion Systems for Managment of Non-Cancer Pain

2011; 14:475-481.
Harned ME, Salles SS, Grider JS. An introduction to trialing intrathecal baclofen in patients with hemiparetic
spasticity: A description of 3 cases. Pain
Physician 2011; 14:483-489.
56. Smith HS. Painful rheumatoid arthritis.
Pain Physician 2011; 14:E427-E458.
57. Smith HS. Treatment considerations in
painful HIV-related neuropathy. Pain
Physician 2011; 14:E505-E524.
58. Boogaard S, Heymans MW, Patijn J, de
Vet HC, Faber CG, Peters ML, Loer SA,
Zuurmond WW, Perez R. Predictors for
persistent neuropathic pain--a Delphi
survey. Pain Physician 2011; 14:559-568.
59. Meeus M, Nijs J, Hamers V, Ickmans K,
Oosterwijck JV. The efficacy of patient
education in whiplash associated disorders: A systematic review. Pain Physician
2012; 15:351-361.
60. Nijs J, Crombez G, Meeus M, Knoop H,
Damme SV, Cauwenbergh V, Bleijenberg G. Pain in patients with chronic fatigue syndrome: Time for specific pain
treatment? Pain Physician 2012; 15:E677E686.
61. Andersen LL, Andersen CH, Sundstrup
E, Jakobsen MD, Mortensen OS, Zebis MK. Central adaptation of pain perception in response to rehabilitation of
musculoskeletal pain: Randomized controlled trial. Pain Physician 2012; 15:385394.
62. Daenen L, Nijs J, Roussel N, Wouters K,
Cras P. Altered perception of distorted
visual feedback occurs soon after whiplash injury: An experimental study of
central nervous system processing. Pain
Physician 2012; 15:405-413.
63. Hegarty D, Shorten G. Multivariate
prognostic modeling of persistent pain
following lumbar discectomy. Pain Physician 2012; 15:421-434.
64. Manchikanti L, Falco FJE, Singh V, Pampati V, Parr AT, Benyamin RM, Fellows
B, Hirsch JA. Utilization of interventional techniques in managing chronic pain
in the Medicare population: Analysis of
growth patterns from 2000 to 2011. Pain
Physician 2012; 15:E969-E982.
65. Gupta S, Gupta M, Nath S, Hess GM.
Survey of European pain medicine practice. Pain Physician 2012; 15:E983-E994.
66. Deer TR, Kim C, Bowman R, Ranson
MT, Yee BS. Study of percutaneous lumbar decompression and treatment algorithm for patients suffering from neurogenic claudication. Pain Physician 2012;
15:451-460.
55.

www.painphysicianjournal.com

67.

Shui Y, Tao W, Huang D, Li Y, Fan B. Spinal cord stimulation for chronic pain
originating from Lyme disease. Pain
Physician 2012; 15:511-514.
68. Hoy D, Brooks P, Blyth F, Buchbinder R.
The epidemiology of low back pain. Best
Pract Res Clin Rheumatol 2010; 24:769781.
69. Martin BI, Turner JA, Mirza SK, Lee
MJ, Comstock BA, Deyo RA. Trends in
health care expenditures, utilization,
and health status among US adults with
spine problems, 1997-2006. Spine (Phila
Pa 1976) 2009; 34:2077-2084.
70. Freburger JK, Holmes GM, Agans RP,
Jackman AM, Darter JD, Wallace AS,
Castel LD, Kalsbeek WD, Carey TS. The
rising prevalence of chronic low back
pain. Arch Intern Med 2009; 169:251-258.
71. Institute of Medicine (IOM) Consensus Report. Relieving Pain in America: A
Blueprint for Transforming Prevention,
Care, Education, and Research, June 29,
2011.
http://www.iom.edu/~/media/Files/Report%20Files/2011/Relieving-Pain-inAmerica-A-Blueprint-for-Transforming-Prevention-Care-Education-Research/Pain%20Research%202011%20
Report%20Brief.pdf Accessed February
2, 2012.
72. Ivanova JI, Birnbaum HG, Schiller M,
Kantor E, Johnstone BM, Swindle RW.
Real-world practice patterns, healthcare utilization, and costs in patients
with low back pain: The long road to
guideline-concordant care. Spine J 2011;
11:622-632.
73. Rubinstein SM, van Middelkoop M, Assendelft WJ, de Boer MR, van Tulder
MW. Spinal manipulative therapy for
chronic low-back pain: An update of a
Cochrane review. Spine (Phila Pa 1976)
2011; 36:E825-E846.
74. van Middelkoop M, Rubinstein SM, Kuijpers T, Verhagen AP, Ostelo R, Koes BW,
van Tulder MW. A systematic review on
the effectiveness of physical and rehabilitation interventions for chronic nonspecific low back pain. Eur Spine J 2011;
20:19-39.
75. Staal JB, de Bie RA, de Vet HC, Hildebrandt J, Nelemans P. Injection therapy
for subacute and chronic low back pain:
An updated Cochrane review. Spine (Phila Pa 1976) 2009; 34:49-59.
76. Abbott ZI, Nair KV, Allen RR, Akuthota
VR. Utilization characteristics of spinal
interventions. Spine J 2012; 1:35-43.
77. Jacobs WC, van Tulder M, Arts M, Ru-

binstein SM, van Middelkoop M, Ostelo
R, Verhagen A, Koes B, Peul WC. Surgery
versus conservative management of sciatica due to a lumbar herniated disc:
A systematic review. Eur Spine J 2011;
20:513-522.
78. Rajaee SS, Bae HW, Kanim LE, Delamarter RB. Spinal fusion in the United
States: Analysis of trends from 1998 to
2008. Spine (Phila Pa 1976) 2012; 37:6776.
79. Deyo RA, Mirza SK, Martin BI, Kreuter
W, Goodman DC, Jarvik JG. Trends, major medical complications, and charges
associated with surgery for lumbar spinal stenosis in older adults. JAMA 2010;
303:1259-1265.
80. Davis H. Increasing rates of cervical
and lumbar spine surgery in the United
States, 1979 - 1990. Spine (Phila Pa 1976)
1994; 19:1117-1123.
81. Manchikanti L, Helm II S, Fellows B,
Janata JW, Pampati V, Grider JS, Boswell
MV. Opioid epidemic in the United
States. Pain Physician 2012; 15:ES9-ES38.
82. Manchikanti L, Abdi S, Atluri S, Balog
CC, Benyamin RM, Boswell MV, Brown
KR, Bruel BM, Bryce DA, Burks PA, Burton AW, Calodney AK, Caraway DL, Cash
KA, Christo PJ, Damron KS, Datta S,
Deer TR, Diwan S, Eriator I, Falco FJE,
Fellows F, Geffert S, Gharibo CG, Glaser SE, Grider JS, Hameed H, Hameed
M, Hansen H, Harned ME, Hayek SM,
Helm II S, Hirsch JA, Janata JW, Kaye AD,
Kaye AM, Kloth DS, Koyyalagunta D, Lee
M, Malla Y, Manchikanti KN, McManus
CD, Pampati V, Parr AT, Pasupuleti R, Patel VB, Sehgal N, Silverman SM, Singh
V, Smith HS, Snook LT, Solanki DR, Tracy DH, Vallejo R, Wargo BW. American
Society of Interventional Pain Physicians
(ASIPP) guidelines for responsible opioid prescribing in chronic non-cancer
pain: Part I – Evidence assessment. Pain
Physician 2012; 15:S1-S66.
83. Manchikanti L, Abdi S, Atluri S, Balog
CC, Benyamin RM, Boswell MV, Brown
KR, Bruel BM, Bryce DA, Burks PA, Burton AW, Calodney AK, Caraway DL, Cash
KA, Christo PJ, Damron KS, Datta S,
Deer TR, Diwan S, Eriator I, Falco FJE,
Fellows F, Geffert S, Gharibo CG, Glaser SE, Grider JS, Hameed H, Hameed
M, Hansen H, Harned ME, Hayek SM,
Helm II S, Hirsch JA, Janata JW, Kaye AD,
Kaye AM, Kloth DS, Koyyalagunta D, Lee
M, Malla Y, Manchikanti KN, McManus CD, Pampati V, Parr AT, Pasupuleti R, Patel VB, Sehgal N, Silverman SM,
Singh V, Smith HS, Snook LT, Solan-

SE209

Pain Physician: April Special Issue 2013; 16:SE185-SE216

ki DR, Tracy DH, Vallejo R, Wargo BW.
American Society of Interventional Pain
Physicians (ASIPP) guidelines for responsible opioid prescribing in chronic
non-cancer pain: Part 2 – Guidance. Pain
Physician 2012; 15:S67-S116.
84. Sehgal N, Manchikanti L, Smith HS.
Prescription opioid abuse in chronic
pain: A review of opioid abuse predictors and strategies to curb opioid abuse.
Pain Physician 2012; 15:ES67-ES92.
85. Smith HS. Opioids and neuropathic
pain. Pain Physician 2012; 15:ES93-ES110.
86. De Maddalena C, Bellini M, Berra M,
Meriggiola MC, Aloisi AM. Opioid-induced hypogonadism: Why and how
to treat it. Pain Physician 2012; 15:ES111ES118.
87. Owen GT, Burton AW, Schade CM, Passik S. Urine drug testing: Current recommendations and best practices. Pain
Physician 2012; 15:ES119-ES133.
88. Wang H, Fischer C, Chen G, Weinsheimer N, Gantz S, Schiltenwolf M.
Does long-term opioid therapy reduce
pain sensitivity of patients with chronic
low back pain? Evidence from quantitative sensory testing. Pain Physician 2012;
15:ES135-ES143.
89. Smith HS, Elliott JA. Opioid-induced
androgen deficiency (OPIAD). Pain Physician 2012; 15:ES145-ES156.
90. Krashin DL, Merrill JO, Trescot AM. Opioids in the management of HIV-related pain. Pain Physician 2012; 15:ES157ES168.
91. Goodin A, Blumenschein K, Freeman
PR, Talbert J. Consumer/patient encounters with prescription drug monitoring programs: evidence from a Medicaid population. Pain Physician 2012;
15:ES169-ES175.
92. Atluri S, Akbik H, Sudarshan G. Prevention of opioid abuse in chronic non-cancer pain: An algorithmic, evidence based
approach. Pain Physician 2012; 15:ES177ES189.
93. Fischer B, Argento E. Prescription opioid related misuse, harms, diversion,
and interventions in Canada: A review.
Pain Physician 2012; 15:ES191-203.
94. Nijs J, Kosek E, Van Oosterwijck J, Meeus
M. Dysfunctional endogenous analgesia
during exercise in patients with chronic
pain: To exercise or not to exercise? Pain
Physician 2012; 15:ES205-ES213.
95. Manchikanti L, Malla Y, Wargo BW, Fellows B. Comparative evaluation of the
accuracy of immunoassay with liquid
chromatography tandem mass spectrometry (LC/MS/MS) of urine drug

SE210

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

testing (UDT) opioids and illicit drugs
in chronic pain patients. Pain Physician
2011; 14:175-187.
Pesce A, West C, Rosenthal M, Mikel C,
West R, Crews B, Almazan P, Latyshev
S, Horn PS. Illicit drug use in the pain
patient population decreases with continued drug testing. Pain Physician 2011;
14:189-193.
Koyyalagunta D, Burton AW, Toro MP,
Driver L, Novy DM. Opioid abuse in
cancer pain: Report of two cases and
presentation of an algorithm of multidisciplinary care. Pain Physician 2011;
14:E361-E371.
Ruan X. Feasibility study of rapid opioid rotation and titration: Is it truly feasible or paradoxical? Pain Physician 2011;
14:571.
Manchikanti L, Ailinani H, Koyyalagunta
D, Datta S, Singh V, Eriator I, Sehgal N,
Shah RV, Benyamin RM, Vallejo R, Fellows B, Christo PJ. A systematic review
of randomized trials of long-term opioid management for chronic non-cancer pain. Pain Physician 2011; 14:91-121.
Manchikanti L, Singh V, Caraway DL,
Benyamin RM. Breakthrough pain in
chronic non-cancer pain: Fact, fiction,
or abuse. Pain Physician 2011; 14:E103E117.
Christo PJ, Manchikanti L, Ruan X, Bottros M, Hansen H, Solanki D, Jordan AE,
Colson J. Urine drug testing in chronic
pain. Pain Physician 2011; 14:123-143.
Solanki DR, Koyyalagunta D, Shah RV,
Silverman SM, Manchikanti L. Monitoring opioid adherence in chronic pain patients: Assessment of risk of
substance misuse. Pain Physician 2011;
14:E119-E131.
Lee M, Silverman SM, Hansen H, Patel VB, Manchikanti L. A comprehensive
review of opioid-induced hyperalgesia.
Pain Physician 2011; 14:145-161.
Manchikanti L, Vallejo R, Manchikanti
KN, Benyamin RM, Datta S, Christo PJ.
Effectiveness of long-term opioid therapy for chronic non-cancer pain. Pain
Physician 2011; 14:E133-E156.
Manchikanti L, Malla Y, Wargo BW, Fellows B. Comparative evaluation of the
accuracy of benzodiazepine testing in
chronic pain patients utilizing immunoassay with liquid chromatography tandem mass spectrometry (LC/MS/MS) of
urine drug testing. Pain Physician 2011;
14:259-270.
Raffaeli W, Sarti D, Demartini L, Sotgiu
A, Bonezzi C; Italian Ziconotide Group.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Italian registry on long-term intrathecal ziconotide treatment. Pain Physician
2011; 14:15-24.
Korkmazsky M, Ghandehari J, Sanchez
A, Lin HM, Pappagallo M. Feasibility
study of rapid opioid rotation and titration. Pain Physician 2011; 14:71-82.
Deer TR, Smith HS, Burton AW, Pope
JE, Doleys DM, Levy RM, Staats PS, Wallace MS, Webster LR, Rauck RL, Cousins M. Comprehensive consensus based
guidelines on intrathecal drug delivery
systems in the treatment of pain caused
by cancer pain. Pain Physician 2011;
14:E283-E312.
Sehgal N, Smith HS, Manchikanti L. Peripherally acting opioids and clinical implications for pain control. Pain Physician 2011; 14:249-258.
Grider JS, Harned ME, Etscheidt MA.
Patient selection and outcomes using
a low-dose intrathecal opioid trialing
method for chronic nonmalignant pain.
Pain Physician 2011; 14:343-351.
Varhabhatla NC, Zuo Z. Rising complication rates after intrathecal catheter and pump placement in the pediatric population: Analysis of national data
between 1997 and 2006. Pain Physician
2012; 15:65-74.
Koman G, Alfieri A, Rachingter J, Strauss
C, Scheller C. Erectile dysfunction as
rare side effect in the simultaneous intrathecal application of morphine and
clonidine. Pain Physician 2012; 15:E523E526.
Mohamed AA, Fares KM, Mohamed SA.
Efficacy of intrathecally administered
dexmedetomidine versus dexmedetomidine with fentanyl in patients undergoing major abdominal cancer surgery.
Pain Physician 2012; 15:339-348.
Sampson M, Shojania KG, Garritty C,
Horsley T, Ocampo M, Moher D. Systematic reviews can be produced and
published faster. J Clin Epidemiol 2008;
61:531-536.
Shojania KG, Sampson M, Ansari MT,
Ji J, Doucette S, Moher D. How quickly do systematic reviews go out of date?
A survival analysis. Ann Intern Med 2007;
147:224-233.
Compton N. More content, faster publication times, higher impact, and better
visibility! Chemistry 2013; 19:5-9.
Stroup DF, Berlin JA, Morton SC, Olkin
I, Williamson GD, Rennie D, Moher D,
Becker BJ, Sipe TA, Thacker SB. Metaanalysis of observational studies in epidemiology: A proposal for reporting.

www.painphysicianjournal.com

Intrathecal Infusion Systems for Managment of Non-Cancer Pain

118.

119.

120.

121.

122.

123.

124.

125.

126.

Meta-analysis of Observational Studies
in Epidemiology (MOOSE) group. JAMA
2000; 283:2008-2012.
Piaggio G, Elbourne DR, Pocock SJ, Evans SJ, Altman DG; CONSORT Group.
Reporting of noninferiority and equivalence randomized trials: Extension of
the CONSORT 2010 statement. JAMA
2012; 308:2594-2604.
Mulla SM, Scott IA, Jackevicius CA, You
JJ, Guyatt GH. How to use a noninferiority trial: Users' guides to the medical literature. JAMA 2012; 308:2605-2611.
Manchikanti L, Benyamin RM, Helm
S, Hirsch JA. Evidence-based medicine,
systematic reviews, and guidelines in interventional pain management: Part 3.
Systematic reviews and meta-analysis of
randomized trials. Pain Physician 2009;
12:35-72.
Manchikanti L, Datta S, Smith HS,
Hirsch JA. Evidence-based medicine,
systematic reviews, and guidelines in
interventional pain management: Part
6. Systematic reviews and meta-analyses
of observational studies. Pain Physician
2009; 12:819-850.
Moher D, Cook DJ, Eastwood S, Olkin
I, Rennie D, Stroup DF. Improving the
quality of reports of meta-analyses of
randomised controlled trials: The QUOROM statement. Quality of reporting of
meta-analyses. Lancet 1999; 354:18961900.
Liberati A, Altman DG, Tetzlaff J, Mulrow
C, Gøtzsche PC, Ioannidis JP, Clarke M,
Devereaux PJ, Kleijnen J, Moher D. The
PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: Explanation and elaboration.
Ann Intern Med 2009; 151:W65-W94.
van Tulder M, Furlan A, Bombardier C,
Bouter L; Editorial Board of the Cochrane Collaboration Back Review
Group. Updated method guidelines for
systematic reviews in the Cochrane Collaboration Back Review Group. Spine
(Phila Pa 1976) 2003; 28:1290-1299.
Furlan AD, Pennick V, Bombardier C,
van Tulder M; Editorial Board, Cochrane Back Review Group. 2009 updated method guidelines for systematic reviews in the Cochrane Back Review Group. Spine (Phila Pa 1976) 2009;
34:1929-1941.
van Tulder MW, Suttorp M, Morton S,
Bouter LM, Shekelle P. Empirical evidence of an association between internal validity and effect size in randomized controlled trials of low-back pain.

www.painphysicianjournal.com

Spine (Phila Pa 1976) 2009; 34:1685-1692.
127. Altman DG, Schulz KF, Moher D, Egger M, Davidoff F, Elbourne D, Gøtzsche
PC, Lang T; CONSORT GROUP (Consolidated Standards of Reporting Trials). The revised CONSORT statement
for reporting randomized trials: Explanation and elaboration. Ann Intern Med
2001; 134:663-694.
128. Moher D, Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux PJ, Elbourne D, Egger M, Altman DG. CONSORT 2010 explanation and elaboration:
Updated guidelines for reporting parallel group randomised trials. BMJ 2010;
340:c869.
129. Vandenbroucke JP, von Elm E, Altman
DG, Gøtzsche PC, Mulrow CD, Pocock
SJ, Poole C, Schlesselman JJ, Egger M;
STROBE Initiative. Strengthening the
Reporting of Observational Studies in
Epidemiology (STROBE): Explanation
and elaboration. Ann Intern Med 2007;
147:W163-W194.
130. Staal JB, de Bie R, de Vet HC, Hildebrandt J, Nelemans P. Injection therapy for subacute and chronic low-back
pain. Cochrane Database Syst Rev 2008;
3:CD001824.
131. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized
studies in meta-analysis.
www.ohri.ca/programs/clinical_epidemiology/oxford.asp
132. Farrar JT. What is clinically meaningful:
Outcome measures in pain clinical trials. Clin J Pain 2000; 16:S106-S112.
133. Salaffi F, Stancati A, Silvestri CA, Ciapetti
A, Grassi W. Minimally clinically important changes in chronic musculoskeletal
pain intensity measured on a numerical
rating scale. Eur J Pain 2004; 8:283-291.
134. Bombardier C. Outcome assessments
in the evaluation of treatment of spinal
disorders: Summary and general recommendations. Spine (Phila Pa 1976)
2000; 25:3100-3103.
135. Hagg O, Fritzell P, Nordwall A. The clinical importance of changes in outcome
scores after treatment for chronic low
back pain. Eur Spine J 2003; 12:12-20.
136. Manchikanti L, Cash RA, McManus CD,
Pampati V, Fellows B. Fluoroscopic caudal epidural injections with or without steroids in managing pain of lumbar spinal stenosis: One year results of
randomized, double-blind, active-controlled trial. J Spinal Disord 2012; 25:226-

234.
137. Manchikanti L, Cash KA, McManus CD,
Pampati V, Fellows B. Results of 2-year
follow-up of a randomized, doubleblind, controlled trial of fluoroscopic
caudal epidural injections in central spinal stenosis. Pain Physician 2012; 15:371384.
138. Manchikanti L, Singh V, Cash KA, Pampati V, Damron KS, Boswell MV. A randomized, controlled, double-blind trial of fluoroscopic caudal epidural injections in the treatment of lumbar disc
herniation and radiculitis. Spine (Phila
Pa 1976) 2011; 36:1897-1905.
139. Manchikanti L, Singh V, Cash KA, Pampati V, Damron KS, Boswell MV. Effect
of fluoroscopically guided caudal epidural steroid or local anesthetic injections in the treatment of lumbar disc
herniation and radiculitis: A randomized, controlled, double blind trial with a
two-year follow-up. Pain Physician 2012;
15:273-286.
140. Manchikanti L, Cash KA, McManus CD,
Pampati V, Smith HS. One year results
of a randomized, double-blind, active
controlled trial of fluoroscopic caudal
epidural injections with or without steroids in managing chronic discogenic
low back pain without disc herniation or
radiculitis. Pain Physician 2011; 14:25-36.
141. Manchikanti L, Cash KA, McManus CD,
Pampati V. Fluoroscopic caudal epidural
injections in managing chronic axial low
back pain without disc herniation, radiculitis or facet joint pain. J Pain Res 2012;
5:381-390.
142. Manchikanti L, Singh V, Cash KA, Pampati V, Datta S. Fluoroscopic caudal epidural injections in managing post lumbar surgery syndrome: Two-year results
of a randomized, double-blind, activecontrol trial. Int J Med Sci 2012; 9:582591.
143. Manchikanti L, Cash KA, McManus CD,
Pampati V. Assessment of effectiveness
of percutaneous adhesiolysis in managing chronic low back pain secondary to
lumbar central spinal canal stenosis. Int
J Med Sci 2013; 10:50-59.
144. Manchikanti L, Singh V, Cash KA, Pampati V, Datta S. Assessment of effectiveness of percutaneous adhesiolysis and
caudal epidural injections in managing
lumbar post surgery syndrome: A 2-year
follow-up of randomized, controlled trial. J Pain Res 2012; 5:597-608.
145. Manchikanti L, Singh V, Cash KA, Pampati V, Falco FJE. The role of fluoroscopic
interlaminar epidural injections in man-

SE211

Pain Physician: April Special Issue 2013; 16:SE185-SE216

146.

147.

148.

149.

150.

151.

152.

153.

154.

aging chronic pain of lumbar disc herniation or radiculitis: A randomized, double-blind trial. Pain Pract 2012 Dec. 27.
[Epub ahead of print]
Manchikanti L, Cash KA, McManus CD,
Pampati V, Benyamin R. Fluoroscopic
lumbar interlaminar epidural injections
in managing chronic lumbar axial or
discogenic pain. J Pain Res 2012; 5:301311.
Manchikanti L, Cash KA, Pampati V,
Malla Y. Fluoroscopic cervical epidural
injections in chronic axial or disc-related
neck pain without disc herniation, facet
joint pain, or radiculitis. J Pain Res 2012;
5:227-236.
Manchikanti L, Cash KA, Pampati V,
Wargo BW, Malla Y. Management of
chronic pain of cervical disc herniation
and radiculitis with fluoroscopic cervical interlaminar epidural injections. Int
J Med Sci 2012; 9:424-434.
Manchikanti L, Malla Y, Cash KA, McManus CD, Pampati V. Fluoroscopic cervical interlaminar epidural injections in
managing chronic pain of cervical post
surgery syndrome: Preliminary results
of a randomized, double-blind controlled trial. Pain Physician 2012; 15:1326.
Manchikanti L, Malla Y, Cash KA, McManus CD, Pampati V. Fluoroscopic epidural injections in cervical spinal stenosis: Preliminary results of a randomized,
double-blind controlled trial. Pain Physician 2012; 15:E59-E70.
Manchikanti L, Cash KA, McManus CD,
Damron KS, Pampati V, Falco FJE. Lumbar interlaminar epidural injections in
central spinal stenosis: A randomized
double-blind control trial. Pain Physician
2012; 15:51-63.
Manchikanti L, Singh V, Falco FJE, Cash
KA, Pampati V. Evaluation of lumbar facet joint nerve blocks in managing chronic low back pain: A randomized, doubleblind, controlled trial with a 2-year follow-up. Int J Med Sci 2010; 7:124-135.
Manchikanti L, Singh V, Falco FJE, Cash
KA, Fellows B. Comparative outcomes
of a 2-year follow-up of cervical medial branch blocks in management of
chronic neck pain: A randomized, double-blind controlled trial. Pain Physician
2010; 13:437-450.
Manchikanti L, Singh V, Falco FJE, Cash
KA, Pampati V, Fellows B. The role of
thoracic medial branch blocks in managing chronic mid and upper back pain:
A randomized, double-blind, activecontrol trial with a 2-year follow-up. An-

SE212

esthesiol Res Pract 2012; 2012:585806.
155. Carragee EJ, Chen I. Minimum acceptable outcomes after lumbar spinal fusion. Spine J 2010; 10:313-320.
156. Gatchel RJ, Mayer TG. Testing minimal
clinically important difference: Consensus or conundrum? Spine J 2010; 10:321327.
157. Harris RP, Helfand M, Woolf SH, Lohr
KN, Mulrow CD, Teutsch SM, Atkins D;
Methods Work Group, Third US Preventive Services Task Force. Current methods of the US Preventive Services Task
Force. Am J Prevent Med 2001; 20:21-35.
158. Parr AT, Manchikanti L, Hameed H,
Conn A, Manchikanti KN, Benyamin
RM, Diwan S, Singh V, Abdi S. Caudal
epidural injections in the management
of chronic low back pain: A systematic
appraisal of the literature. Pain Physician
2012; 15:E159-E198.
159. Manchikanti L, Buenaventura RM,
Manchikanti KN, Ruan X, Gupta S,
Smith HS, Christo PJ, Ward SP. Effectiveness of therapeutic lumbar transforaminal epidural steroid injections in
managing lumbar spinal pain. Pain Physician 2012; 15:E199-E245.
160. Hansen H, Manchikanti L, Simopoulous
TT, Christo PJ, Gupta S, Smith HS, Hameed H, Cohen SP. A systematic evaluation of the therapeutic effectiveness of
sacroiliac joint interventions. Pain Physician 2012; 15:E247-E278.
161. Helm S II, Deer TR, Manchikanti L, Datta S, Chopra P, Singh V, Hirsch JA. Effectiveness of thermal annular procedures
in treating discogenic low back pain.
Pain Physician 2012; 15:E279-E304.
162. Simopoulos TT, Manchikanti L, Singh
V, Gupta S, Hameed H, Diwan S, Cohen SP. A systematic evaluation of prevalence and diagnostic accuracy of sacroiliac joint interventions. Pain Physician
2012; 15:E305-E344.
163. Benyamin RM, Manchikanti L, Parr AT,
Diwan SA, Singh V, Falco FJE, Datta S,
Abdi S, Hirsch JA. The effectiveness of
lumbar interlaminar epidural injections
in managing chronic low back and lower extremity pain. Pain Physician 2012;
15:E363-E404.
164. Diwan SA, Manchikanti L, Benyamin
RM, Bryce DA, Geffert S, Hameed H,
Sharma ML, Abdi S, Falco FJE. Effectiveness of cervical epidural injections in the
management of chronic neck and upper extremity pain. Pain Physician 2012;
15:E405-E434.

165. Helm S II, Benyamin RM, Chopra P,
Deer TR, Justiz R. Percutaneous adhesiolysis in the management of chronic low back pain in post lumbar surgery syndrome and spinal stenosis: A
systematic review. Pain Physician 2012;
15:E435-E462.
166. Manchikanti KN, Atluri S, Singh V, Geffert S, Sehgal N, Falco FJE. An update of
evaluation of therapeutic thoracic facet
joint interventions. Pain Physician 2012;
15:E463-E481.
167. Atluri S, Singh V, Datta S, Geffert S, Sehgal N, Falco FJE. Diagnostic accuracy of
thoracic facet joint nerve blocks: An update of the assessment of evidence. Pain
Physician 2012; 15:E483-E496.
168. Benyamin RM, Wang VC, Vallejo R,
Singh V, Helm S II. A systematic evaluation of thoracic interlaminar epidural
injections. Pain Physician 2012; 15:E497E514.
169. Singh V, Manchikanti L, Onyewu O, Benyamin RM, Datta S, Geffert S, Parr AT,
Falco FJE. An update of appraisal of accuracy of thoracic discography as a diagnostic test for chronic spinal pain. Pain
Physician 2012; 15:E757-E776.
170. Onyewu O, Manchikanti L, Falco FJE,
Singh V, Geffert S, Helm II S, Cohen SP,
Hirsch JA. An update of the appraisal of
the accuracy and utility of cervical discography in chronic neck pain. Pain Physician 2012; 15:E777-E806.
171. Falco FJE, Datta S, Manchikanti L, Sehgal N, Geffert S, Singh V, Smith HS, Boswell MV. An updated review of diagnostic utility of cervical facet joint injections. Pain Physician 2012; 15:E807-E838.
172. Falco FJE, Manchikanti L, Datta S, Wargo BW, Geffert S, Bryce DA, Atluri S,
Singh V, Benyamin RM, Sehgal N, Ward
S, Helm II S, Gupta S, Boswell MV. Systematic review of therapeutic effectiveness of cervical facet joint interventions:
An update. Pain Physician 2012; 15:E839E868.
173. Falco FJE, Manchikanti L, Datta S, Sehgal N, Geffert S, Onyewu O, Singh V,
Bryce DA, Benyamin RM, Simopoulos
TT, Vallejo R, Gupta S, Ward SP, Hirsch
JA. An update of the systematic assessment of the diagnostic accuracy of lumbar facet joint nerve blocks. Pain Physician 2012; 15:E869-E907.
174. Falco FJE, Manchikanti L, Datta S, Sehgal N, Geffert S, Onyewu O, Zhu J, Coubarous S, Hameed M, Ward SP, Sharma
M, Hameed H, Singh V, Boswell MV. An
update of the effectiveness of therapeu-

www.painphysicianjournal.com

Intrathecal Infusion Systems for Managment of Non-Cancer Pain

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

tic lumbar facet joint interventions. Pain
Physician 2012; 15:E909-E953.
Anderson VC, Burchiel KJ, Cooke B. A
prospective, randomized trial of intrathecal injection vs. epidural infusion in
the selection of patients for continuous
intrathecal opioid therapy. Neuromodulation 2003; 6:142-152.
Burgher AH, Barnett CF, Obray JB,
Mauck WD. Introduction of infection
control measures to reduce injection associated with implantable pain therapy
devices. Pain Pract 2007; 7:279-284.
Ooi YC, Saulino M, Williams KA, Sharan
A. Observational analysis of successful
reimplantation of explanted intrathecal drug delivery systems: A case series.
PMR 2011; 3:175-178.
Grider JS, Brown RE, Colclough GW.
Perioperative management of patients
with an intrathecal drug delivery system
for chronic pain. Anesth Analg 2008;
107:1393-1396.
Hamann S, Sloan P. Oral naltrexone to
enhance analgesia in patients receiving continuous intrathecal morphine
for chronic pain: A randomized, doubleblind, prospective pilot study. J Opioid
Manage 2007; 3:137-144.
Hoelzer BC, Knievel SL, Michiels WB,
McGlothlen GL, Grigsby EJ. Meningismus associated with malpositioned intraspinal catheter for drug delivery. Pain
Pract 2010; 11:103-106.
Knox S, Atkinson RP, Stephens R, Coffey
RJ, Zusman E. Myelopathy as a complication of intrathecal drug infusion systems. Arch Neurol 2007; 64:286-287.
Langsam A. A case of spinal cord compression syndrome by a fibrotic mass
presenting in a patient with an intrathecal pain management pump system.
Pain 1999; 83:97-99.
Lew SM, Psaty EL, Abbott R. An unusual
cause of overdose after baclofen pump
implantation: case report. Neurosurgery
2005; 56:E624.
McMillan MR, Doud T, Nugent W.
Catheter-associated masses in patients
receiving intrathecal analgesic therapy.
Anesth Analg 2003; 96:186-190.
Medel R, Pouratian N, Elias J. Catheter-tip mass mimicking a spinal epidural hematoma. J Neurosurg Spine 2010;
12:66-71.
Murphy PM, Skouvaklis DE, Amadeo RJ,
Haberman C, Brazier DH, Cousins MJ.
Intrathecal catheter granuloma associated with isolated baclofen infusion.
Anesth Analg 2006; 102:848-852.

www.painphysicianjournal.com

187. Narouze SN, Yonan S, Kapural L, Malak
O. Erosion of the inferior epigastric artery: a rare complication of intrathecal
drug delivery systems. Pain Med 2007;
8:468-470.
188. Rainov NG, Heidecke V, Burkert W.
Long-term intrathecal infusion and
drug combinations for chronic back and
leg pain. J Pain Symptom Manage 2001;
22:862-871.
189. Shaladi A, Saltari MR, Piva B, Crestani F, Tartari S, Pinato P, Micheletto G,
Dall'Ara R. Continuous intrathecal morphine infusion in patients with vertebral
fractures due to osteoporosis. Clin J Pain
2007; 23:511-517.
190. Smith TJ, Coyne PJ, Smith WR, Roberts
JD, Smith V. Use of implantable drug
delivery system for refractory chronic sickle cell pain. Am J Hematol 2005;
78:153-154.
191. Teddy P, Jamous A, Gardner B, Wang D,
Silver J. Complications of intrathecal
baclofen delivery. Br J Neurosurg 1992;
6:115-118.
192. Tutak U, Doleys D. Intrathecal infusion
systems for treatment of chronic low
back and leg pain of noncancer origin.
South Med J 1996; 89:295-300.
193. Paice JA, Penn RD, Shott S. Intraspinal
morphine for chronic pain: A retrospective, multicenter study. J Pain Symptom
Manage 1996; 11:71-80.
194. Atli A, Theodore BR, Turk DC, Loeser JD.
Intrathecal opioid therapy for chronic
nonmalignant pain: A retrospective cohort study with 3-year follow-up. Pain
Medicine 2010; 11:1010-1016.
195. Hayek SM, Veizi IE, Narouze SN, Mekhail N. Age-dependent intrathecal opioid escalation in chronic noncancer pain
patients. Pain Med 2011; 12:1179-1189.
196. Deer T, Chapple I, Classen A, Javery K,
Stoker V, Tonder L, Burchiel K. Intrathecal drug delivery for treatment of chronic low back pain: Report from the national outcomes registry for low back
pain. Pain Med 2004; 5:6-13.
197. Roberts LJ, Finch PM, Goucke CR, Price
LM. Outcome of intrathecal opioids
in chronic non-cancer pain. Eur J Pain
2001; 5:353-361.
198. Thimineur MA, Kravitz E, Vodapally MS.
Intrathecal opioid treatment for chronic
non-malignant pain: a 3-year prospective study. Pain 2004; 109:242-249.
199. Winkelmüller M, Winkelmüller W.
Long-term effects of continuous intrathecal opioid treatment in chronic pain
of nonmalignant etiology. J Neurosurg

1996; 85:468-467.
200. Rauck R, Deer T, Rosen S, Padda Gurpreet P, Barsa J, Dunbar E, Dwarakanath
G. Accuracy and efficacy of morphine
sulfate for treatment of intractable pain
using the Prometra® programmable
pump. Neuromodulation 2010; 13:102108.
201. Veizi E, Hayek SM, Narouze S, Pope JE,
Mekhail N. Combination of intrathecal opioids with bupivacaine attenuates
opioid dose escalation in chronic noncancer pain patients. Pain Med 2011;
12:1481-1489.
202. Hamza M, Doleys D, Wells M, Weisbein
J, Hoff J, Martin M, Soteropoulos C, Barreto J, Deschner S, Ketchum J. Prospective study of 3-year follow-up of lowdose intrathecal opioids in the management of chronic nonmalignant pain.
Pain Med 2012; 13:1304-1313.
203. Kosturakis A, Gebhardt R. SynchroMed
II intrathecal pump memory errors due
to repeated magnetic resonance imaging. Pain Physician 2012; 15:475-477.
204. Deer TR, Levy R, Prager J, Buchser E,
Burton A, Caraway D, Cousins M, De
Andrés J, Diwan S, Erdek M, Grigsby E,
Huntoon M, Jacobs MS, Kim P, Kumar
K, Leong M, Liem L, McDowell GC 2nd,
Panchal S, Rauck R, Saulino M, Sitzman
BT, Staats P, Stanton-Hicks M, Stearns
L, Wallace M, Willis KD, Witt W, Yaksh
T, Mekhail N. Polyanalgesic Consensus
Conference--2012: Recommendations
to reduce morbidity and mortality in intrathecal drug delivery in the treatment
of chronic pain. Neuromodulation 2012;
15:467-482.
205. Duarte RV, Raphael JH, Sparkes E,
Southall JL, LeMarchand K, Ashford RL.
Long-term intrathecal drug administration for chronic nonmalignant pain. J
Neurosurg Anesthesiol 2012; 24:63-70.
206. Bassani L, Harter DH. Paraspinal subfascial placement of lumbar intrathecal baclofen catheters: Short-term outcomes of a novel technique. J Neurosurg
Pediatr 2012; 9:93-98.
207. Perruchoud C, Bovy M, Durrer A, Rosato
M, Rutschmann B, Mustaki JP, Buchser
E. Severe hypertension following accidental clonidine overdose during the refilling of an implanted intrathecal drug
delivery system. Neuromodulation 2012;
15:31-34.
208. Hayes C, Jordan MS, Hodson FJ,
Ritchard L. Ceasing intrathecal therapy in chronic non-cancer pain: An invitation to shift from biomedical focus
to active management. PLoS One 2012;

SE213

Pain Physician: April Special Issue 2013; 16:SE185-SE216

7:e49124.
209. Schapiro A, Racadio J, Kinnett D, Maugans T. Combined C-arm fluoroscopy
and C-arm cone beam computed tomography for the evaluation of patients
with possible intrathecal baclofen delivery system malfunctions. Neurosurgery
2011; 69:ons27-ons33.
210. Specchio N, Carotenuto A, Trivisano M,
Cappelletti S, Vigevano F, Fusco L. Prolonged episode of dystonia and dyskinesia resembling status epilepticus following acute intrathecal baclofen withdrawal. Epilepsy Behav 2011; 21:321-323.
211. Johnson ML, Visser EJ, Goucke CR. Massive clonidine overdose during refill of
an implanted drug delivery device for
intrathecal analgesia: A review of inadvertent soft-tissue injection during implantable drug delivery device refills
and its management. Pain Med 2011;
12:1032-1040.
212. De Andres J, Villanueva V, Palmisani S,
Cerda-Olmedo G, Lopez-Alarcon MD,
Monsalve V, Minguez A, Martinez-Sanjuan V. The safety of magnetic resonance
imaging in patients with programmable
implanted intrathecal drug delivery systems: A 3-year prospective study. Anesth
Analg 2011; 112:1124-1129.
213. Webb DM, Schneider JR, Lober RM,
Vender JR. Granulomatous conduit for
intrathecal infusion of morphine and
bupivacaine. Reg Anesth Pain Med 2011;
36:195-197.
214. Fabiano AJ, Doyle C, Plunkett RJ. Distal
baclofen pump catheter migration associated with far-lateral paraspinal surgical placement. Neuromodulation 2009;
12:130-133.
215. Flückiger B, Knecht H, Grossmann S,
Felleiter P. Device-related complications
of long-term intrathecal drug therapy
via implanted pumps. Spinal Cord 2008;
46:639-643.
216. Greenfield JP, Schwartz TH. Catheter
placement for Ommaya reservoirs with
frameless surgical navigation: Technical
note. Stereotact Funct Neurosurg 2008;
86:101-105.
217. Reif-Gintl T, Ilias W. Palliative therapy in
bronchial carcinoma--implanted delivery system and ports. Wien Med Wochenschr 2008; 158:729-734.
218. Ghafoor VL, Epshteyn M, Carlson GH,
Terhaar DM, Charry O, Phelps PK. Intrathecal drug therapy for long-term pain
management. Am J Health Syst Pharm
2007; 64:2447-2461.
219. Wu H, Wang D. Radiation-induced

SE214

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

alarm and failure of an implanted programmable intrathecal pump. Clin J Pain
2007; 23:826-828.
Sloan PA. Neuraxial pain relief for intractable cancer pain. Curr Pain Headache Rep 2007; 11:283-289.
Ko WM, Ferrante FM. New onset lumbar radicular pain after implantation of
an intrathecal drug delivery system: Imaging catheter migration. Reg Anesth
Pain Med 2006; 31:363-367.
Pérez-Quesada S, Martín-Estefanía C,
Martí-Martínez S, Turpín-Fenoll L. Meningitis due to Escherichia coli as a delayed complication of intrathecal baclofen pump systems. Rev Neurol 2006;
42:764-766.
Holmfred A, Vikerfors T, Berggren L,
Gupta A. Intrathecal catheters with subcutaneous port systems in patients with
severe cancer-related pain managed out
of hospital: The risk of infection. J Pain
Symptom Manage 2006; 31:568-572.
Miele VJ, Price KO, Bloomfield S, Hogg
J, Bailes JE. A review of intrathecal morphine therapy related granulomas. Eur J
Pain 2006; 10:251-261.
Albright AL, Turner M, Pattisapu JV.
Best-practice surgical techniques for intrathecal baclofen therapy. J Neurosurg
2006; 104:233-239.
Stearns L, Boortz-Marx R, Du Pen S,
Friehs G, Gordon M, Halyard M, Herbst
L, Kiser J. Intrathecal drug delivery for
the management of cancer pain: A multidisciplinary consensus of best clinical
practices. J Support Oncol 2005; 3:399408.
Albrecht E, Durrer A, Chédel D, Maeder P, Buchser E. Intraparenchymal migration of an intrathecal catheter three
years after implantation. Pain 2005;
118:274-278.
Smith TJ, Coyne PJ. Implantable drug
delivery systems (IDDS) after failure of
comprehensive medical management
(CMM) can palliate symptoms in the
most refractory cancer pain patients. J
Palliat Med 2005; 8:736-742.
Pohl M, Rockstroh G, Rückriem S, Mehrholz J, Pause M, Koch R, Strik H. Time
course of the effect of a bolus dose of
intrathecal baclofen on severe cerebral
spasticity. J Neurol 2003; 250:1195-1200.
Hildebrand KR, Elsberry DD, Deer TR.
Stability, compatibility, and safety of
intrathecal bupivacaine administered
chronically via an implantable delivery
system. Clin J Pain 2001; 17:239-244.
Dahm P, Nitescu P, Appelgren L, Cure-

232.

233.

234.

235.

236.

237.

238.

239.

laru I. Efficacy and technical complications of long-term continuous intraspinal infusions of opioid and/or bupivacaine in refractory nonmalignant pain:
A comparison between the epidural and
the intrathecal approach with externalized or implanted catheters and infusion pumps. Clin J Pain 1998; 14:4-16.
Manchikanti L, Cash K, Moss T, Rivera
JJ, Pampati V. Risk of whole body radiation exposure and protective measures
in fluoroscopically guided interventional techniques: A prospective evaluation.
BMC Anesthesiol 2003; 3:2.
Manchikanti L, Malla Y, Wargo BW, Fellows B. Infection control practices (safe
injection and medication vial utilization) for interventional techniques: Are
they based on relative risk management
or evidence? Pain Physician 2011; 14:425434.
Manchikanti L, Falco FJE, Benyamin
RM, Caraway DL, Helm II, S, Wargo BW,
Hansen H, Parr AT, Singh S, Hirsch JA.
Assessment of infection control practices for interventional techniques: A
best evidence synthesis of safe injection
practices and use of single-dose medication vials. Pain Physician 2012; 15:E573E614.
Manchikanti L, Malla Y, Wargo BW, Cash
KA, McManus CD, Damron KS, Jackson
SD, Pampati V, Fellows B. A prospective
evaluation of bleeding risk of interventional techniques in chronic pain. Pain
Physician 2011; 14:317-329.
Manchikanti L, Benyamin RM, Swicegood JR, Falco FJE, Datta S, Pampati
V, Fellows B, Hirsch JA. Assessment of
practice patterns of perioperative management of antiplatelet and anticoagulant therapy in interventional pain management. Pain Physician 2012; 15:E955E968.
Coffey RJ, Owens ML, Broste SK, Dubois
MY, Ferrante FM, Schultz DM, Stearns
LJ, Turner MS. Mortality associated with
implantation and management of intrathecal opioid drug infusion systems
to treat noncancer pain. Anesthesiology
2009; 111:881-891.
Coffey RJ, Owens ML, Broste SK, Dubois
MY, Ferrante FM, Schultz DM, Stearns
LJ, Turner MS. Medical practice perspective: Identification and mitigation of risk
factors for mortality associated with intrathecal opioids for non-cancer pain.
Pain Med 2010; 11:1001-1009.
Manchikanti L, Dunbar EE, Wargo BW,
Shah RV, Derby R, Cohen SP. Systematic
review of cervical discography as a diag-

www.painphysicianjournal.com

Intrathecal Infusion Systems for Managment of Non-Cancer Pain

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

nostic test for chronic spinal pain. Pain
Physician 2009; 12:305-321.
Allen JW, Horais KA, Tozier NA, Wegner K, Corbeil JA, Mattrey RF, Rossi SS,
Yaksh TL. Time course and role of morphine dose and concentration in intrathecal granuloma formation in dogs: A
combined magnetic resonance imaging
and histopathology investigation. Anesthesiology 2006; 105:581-589.
Allen JW, Horais KA, Tozier NA, Yaksh
TL. Opiate pharmacology of intrathecal granulomas. Anesthesiology 2006;
105:590-598.
Blount JP, Remley KB, Yue SK, Erickson
DL. Intrathecal granuloma complicating
chronic spinal infusion of morphine.
Report of three cases. J Neurosurg 1996;
84:272-276.
Cabbell KL, Taren JA, Sagher O. Spinal
cord compression by catheter granulomas in high-dose intrathecal morphine
therapy: Case report. Neurosurgery 1998;
42:1176-1180.
Coffey RJ, Burchiel K. Inflammatory
mass lesions associated with intrathecal
drug infusion catheters: Report and observations on 41 patients. Neurosurgery
2002; 50:78-86.
Miele VJ, Price KO, Bloomfield S, Hogg
J, Bailes JE. A review of intrathecal morphine therapy related granulomas. Eur J
Pain 2006; 10:251-261.
Zacest AC, Carlson JD, Nemecek A, Burchiel KJ. Surgical management of spinal
catheter granulomas: Operative nuances and review of the surgical literature.
Neurosurgery 2009; 65:1161-1164.
Deer TR. A prospective analysis of intrathecal granuloma in chronic pain patients: A review of the literature and report of a surveillance study. Pain Physician 2004; 7:225-228.
Deer TR, Smith HS, Cousins M, Doleys DM, Levy RM, Rathmell JP, Staats
PS, Wallace MS, Webster LR. Consensus
guidelines for the selection and implantation of patients with noncancer pain
for intrathecal drug delivery. Pain Physician 2010; 13:E175-E213.
Kumar K, Hunter G, Demeria DD. Treatment of chronic pain by using intrathecal drug therapy compared with conventional pain therapies: A cost effectiveness analysis. J Neurosurg 2002; 97:803810.
Manchikanti L, Boswell MV, Giordano
J. Evidence-based interventional pain
management: Principles, problems, potential, and applications. Pain Physician
2007; 10:329-356.

www.painphysicianjournal.com

251. Manchikanti L. Evidence-based medicine, systematic reviews, and guidelines
in interventional pain management:
Part 1: Introduction and general considerations. Pain Physician 2008; 11:161-186.
252. Manchikanti L, Hirsch JA, Smith HS. Evidence-based medicine, systematic reviews, and guidelines in interventional
pain management: Part 2: Randomized
controlled trials. Pain Physician 2008;
11:717-773.
253. Manchikanti L, Singh V, Smith HS,
Hirsch JA. Evidence-based medicine,
systematic reviews, and guidelines in
interventional pain management: Part
4: Observational studies. Pain Physician
2009; 12:73-108.
254. Guyatt G, Drummond R. Part 1. The basics: Using the medical literature. 1A. Introduction: The philosophy of evidencebased medicine. In: Guyatt G, Rennie D
(eds). Users’ Guides to the Medical Literature: A Manual for Evidence-Based Clinical
Practice. AMA Press, Chicago, 2002, pp
3-12.
255. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke
JP, STROBE Initiative. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
Statement: Guidelines for reporting observational studies. Ann Intern Med 2007;
147:573-577.
256. Healy D. Randomized Controlled Trials: Evidence Biased Psychiatry. Alliance
for Human Research Protection, 2002.
www.ahrp.org/COI/healy0802.php
257. Miles A, Charlton B, Bentley P, Polychronis A, Grey J, Price N. New perspectives in the evidence-based healthcare
debate. J Eval Clin Pract 2000; 6:77-84.
258. Glasziou P, Vandenbroucke JP, Chalmers I. Assessing the quality of research.
BMJ 2004; 328:39-41.
259. Conn A, Buenaventura RM, Datta S,
Abdi S, Diwan S. Systematic review of
caudal epidural injections in the management of chronic low back pain. Pain
Physician 2009; 12:109-135.
260. Abdi S, Datta S, Trescot AM, Schultz DM, Adlaka R, Atluri SL, Smith HS,
Manchikanti L. Epidural steroids in the
management of chronic spinal pain: A
systematic review. Pain Physician 2007;
10:185-212.
261. Trescot AM, Chopra P, Abdi S, Datta S,
Schultz DM. Systematic review of effectiveness and complications of adhesiolysis in the management of chronic
spinal pain: An update. Pain Physician
2007; 10:129-146.

262. Epter RS, Helm S, Hayek SM, Benyamin RM, Smith HS, Abdi S. Systematic
review of percutaneous adhesiolysis and
management of chronic low back pain
in post lumbar surgery syndrome. Pain
Physician 2009; 12:361-378.
263. Manchikanti L, Saini B, Singh V. Spinal
endoscopy and lysis of epidural adhesions in the management of chronic low
back pain. Pain Physician 2001; 4:240265.
264. Hayek SM, Helm S, Benyamin RM,
Singh V, Bryce DA, Smith HS. Effectiveness of spinal endoscopic adhesiolysis in post lumbar surgery syndrome: A
systematic review. Pain Physician 2009;
12:419-435.
265. Manchikanti L, Hirsch JA. Issues in
health care: Interventional pain management at the crossroads. Health policy update. Pain Physician 2007; 10:261284.
266. Manchikanti L, Boswell MV. Interventional techniques in ambulatory surgical
centers: A look at the new payment system. Pain Physician 2007; 10:627-650.
267. Manchikanti L, Giordano J. Physician
payment 2008 for interventionalists:
Current state of health care policy. Pain
Physician 2007; 10:607-626.
268. Manchikanti L, Singh V, Pampati V,
Smith HS, Hirsch J. Analysis of growth
in interventional techniques in managing chronic pain in Medicare population: A 10-year evaluation from 1997 to
2006. Pain Physician 2009; 12:9-34.
269. Black N. Why we need observational
studies to evaluate the effectiveness of
health care. BMJ 1996; 312:1215-1218.
270. Scales CD Jr., Norris RD, Peterson BL,
Preminger GM, Dahm P. Clinical research and statistical methods in the
urology literature. J Urol 2005; 174:13741379.
271. Greene T. Are observational studies “just
as effective” as randomized clinical trials? Blood Purif 2000; 18:317-322.
272. Boswell MV, Colson JD, Sehgal N, Dunbar EE, Epter R. A systematic review of
therapeutic facet joint interventions in
chronic spinal pain. Pain Physician 2007;
10:229-253.
273. Hansen HC, McKenzie-Brown AM,
Cohen SP, Swicegood JR, Colson JD,
Manchikanti L. Sacroiliac joint interventions: A systematic review. Pain Physician
2007; 10:165-184.
274. Manchikanti L, Singh V, Vilims BD,
Hansen HC, Schultz DM, Kloth DS.
Medial branch neurotomy in manage-

SE215

Pain Physician: April Special Issue 2013; 16:SE185-SE216

275.

276.

277.

278.

279.

280.

281.

282.

283.

ment of chronic spinal pain: Systematic review of the evidence. Pain Physician
2002; 5:405-418.
Dreyfuss P, Halbrook B, Pauza K, Joshi
A, McLarty J, Bogduk N. Efficacy and
validity of radiofrequency neurotomy
for chronic lumbar zygapophysial joint
pain. Spine (Phila Pa 1976) 2000; 25:12701277.
Sehgal N, Shah RV, McKenzie-Brown
A, Everett CR. Diagnostic utility of facet (zygapophysial) joint injections in
chronic spinal pain: A systematic review
of evidence. Pain Physician 2005; 8:211224.
Singh V, Manchikanti L, Shah RV, Dunbar EE, Glaser SE. Systematic review of
thoracic discography as a diagnostic test
for chronic spinal pain. Pain Physician
2008; 11:631-642.
Papanikolaou PN, Christidi GD, Ioannidis JP. Comparison of evidence on
harms of medical interventions in randomized and nonrandomized studies.
CMAJ 2006; 174:635-641.
Hempel CG. Philosophy of Natural Science. Prentice-Hall, Englewood Cliffs,
1966.
Popper KR. The Logic of Scientific Discovery. Cambridge University Press, London, 1958.
West S, King V, Carey TS, Lohr KN, McKoy N, Sutton SF, Lux L. Systems to Rate
the Strength of Scientific Evidence, Evidence Report, Technology Assessment
No. 47. AHRQ Publication No. 02E016. Rockville, MD, Agency for Healthcare Research and Quality, 2002. www.
thecre.com/pdf/ahrq-system-strength.
pdf
Heavner JE, Racz GB, Raj P. Percutaneous epidural neuroplasty. Prospective
evaluation of 0.9% NaCl versus 10%
NaCl with or without hyaluronidase. Reg
Anesth Pain Med 1999; 24:202-207.
Manchikanti L, Singh V, Cash KA, Pampati V, Datta S. Preliminary results of
randomized, equivalence trial of fluoroscopic caudal epidural injections in
managing chronic low back pain: Part
3. Post surgery syndrome. Pain Physician

SE216

2008; 11:817-831.
284. Manchikanti L, Cash KA, McManus CD,
Pampati V, Abdi S. Preliminary results
of randomized, equivalence trial of fluoroscopic caudal epidural injections in
managing chronic low back pain: Part
4. Spinal stenosis. Pain Physician 2008;
11:833-848.
285. Manchikanti L, Boswell MV, Rivera JJ,
Pampati V, Damron KS, McManus CD,
Brandon DE, Wilson SR. A randomized,
controlled trial of spinal endoscopic adhesiolysis in chronic refractory low back
and lower extremity pain. BMC Anesthesiol 2005; 5:10.
286. Manchikanti L, Rivera JJ, Pampati V,
Damron KS, McManus CD, Brandon
DE, Wilson SR. One day lumbar epidural adhesiolysis and hypertonic saline
neurolysis in treatment of chronic low
back pain: A randomized, double-blind
trial. Pain Physician 2004; 7:177-186.
287. Manchikanti L, Rivera JJ, Pampati V,
Damron KS, Beyer CD, Brandon DE,
Wilson SR. Spinal endoscopic adhesiolysis in the management of chronic low
back pain: A preliminary report of a randomized, double-blind trial. Pain Physician 2003; 6:259-267.
288. Atluri S, Datta S, Falco FJ, Lee M. Systematic review of diagnostic utility and
therapeutic effectiveness of thoracic
facet joint interventions. Pain Physician
2008; 11:611-629.
289. Datta S, Lee M, Falco FJE, Bryce DA,
Hayek SM. Systematic assessment of diagnostic accuracy and therapeutic utility
of lumbar facet joint interventions. Pain
Physician 2009; 12:437-460.
290. Falco FJE, Erhart S, Wargo BW, Bryce
DA, Atluri S, Datta S, Hayek SM. Systematic review of diagnostic utility and
therapeutic effectiveness of cervical facet joint interventions. Pain Physician
2009; 12:323-344.
291. Frey ME, Manchikanti L, Benyamin RM,
Schultz DM, Smith HS, Cohen SP. Spinal cord stimulation for patients with
failed back surgery syndrome: A systematic review. Pain Physician 2009; 12:379397.

292. Buenaventura RM, Datta S, Abdi S,
Smith HS. Systematic review of therapeutic lumbar transforaminal epidural
steroid injections. Pain Physician 2009;
12:233-251.
293. Benyamin RM, Singh V, Parr AT, Conn
A, Diwan S, Abdi S. Systematic review of
the effectiveness of cervical epidurals in
the management of chronic neck pain.
Pain Physician 2009; 12:137-157.
294. Rupert MP, Lee M, Manchikanti L, Datta S, Cohen SP. Evaluation of sacroiliac joint interventions: A systematic appraisal of the literature. Pain Physician
2009; 12:399-418.
295. Manchikanti L, Cash KA, McManus CD,
Pampati V, Smith HS. Preliminary results of randomized, equivalence trial of
fluoroscopic caudal epidural injections
in managing chronic low back pain: Part
1. Discogenic pain without disc herniation or radiculitis. Pain Physician 2008;
11:785-800.
296. Manchikanti L, Singh V, Cash KA, Pampati V, Damron KS, Boswell MV. Preliminary results of randomized, equivalence
trial of fluoroscopic caudal epidural injections in managing chronic low back
pain: Part 2. Disc herniation and radiculitis. Pain Physician 2008; 11:801-815.
297. Manchikanti L, Singh V, Falco FJE, Cash
KA, Pampati V. Effectiveness of thoracic medial branch blocks in managing
chronic pain: A preliminary report of a
randomized, double-blind controlled
trial; Clinical trial NCT00355706. Pain
Physician 2008; 11:491-504.
298. Manchikanti L, Singh V, Falco FJ, Cash
KA, Fellows B. Cervical medial branch
blocks for chronic cervical facet joint
pain: A randomized double-blind, controlled trial with one-year follow-up.
Spine (Phila Pa 1976) 2008; 33:1813-1820.
299. Manchikanti L, Singh V, Falco FJ, Cash
KA, Pampati V. Lumbar facet joint nerve
blocks in managing chronic facet joint
pain: One-year follow-up of a randomized, double-blind controlled trial; Clinical Trial NCT00355914. Pain Physician
2008; 11:121-132.

www.painphysicianjournal.com

