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Background: There is a paucity of literature on the use of epidural injections for the treatment
of chronic mid and upper back pain due to disc herniation and radiculitis, axial or discogenic pain,
spinal stenosis, post surgery syndrome, and post thoracotomy pain syndrome.

Study Design: A systematic review of therapeutic thoracic epidural injection therapy for chronic
mid and upper back pain.

Objective: The objective of this systematic review is to determine the effects of thoracic
interlaminar epidural injections with or without steroids, with or without fluoroscopy, and for
various conditions including disc herniation and radiculitis, axial or discogenic pain, spinal stenosis,
post thoracic surgery syndrome, and post thoracotomy pain syndrome.

Methods: The available literature on thoracic interlaminar epidural injections with or without
steroids in managing various types of chronic mid and upper back 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 criteria
developed by the Newcastle-Ottawa Scale criteria for observational studies.

The level of evidence was classified as good, fair, or limited (or poor) based on the quality of
evidence developed by the U.S. Preventive Services Task Force (USPSTF).

Data sources included relevant literature identified through searches of PubMed and EMBASE
from 1966 to March 2012, and manual searches of the bibliographies of known primary and
review articles.

Outcome Measures: The primary outcome measure was pain relief (short-term relief = up
to 6 months and long-term > 6 months). Secondary outcome measures were improvement in
functional status, psychological status, return to work, and reduction in opioid intake.

Results: For this review, 17 studies were identified, including studies examining adverse reactions.
Only 2 studies were included: one randomized trial and one non-randomized or observational
study.

The results of this systematic review evaluating the effectiveness of thoracic epidural injections
with or without steroids in managing chronic thoracic pain shows fair evidence with one
randomized trial in patients with various causes; whereas the evidence is limited based on one
non-randomized study evaluating chronic pain in post thoracotomy syndrome.

Limitations: The limitations of this study include paucity of evidence.

Conclusion: The evidence based on this systematic review for thoracic epidural injection in
treating chronic thoracic pain is considered fair and limited for post thoracotomy pain.

Key words: Spinal pain, chronic mid back pain, chronic upper back pain, post-thoracotomy pain,
thoracic epidural injection, radiculopathy, herniation, steroids, local anesthetic, epidural steroid
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he prevalence of mid and upper back chronic

pain is extremely low when compared to the

prevalence of lower back and neck pain, likely
due to the relative immobility and support of the
thoracic region in contrast to the other regions of the
spine (1-7). One report for back pain being of thoracic
origin is 15%, compared to 44% neck and 56 % low back
(5); others have reported prevalences of 5% thoracic
versus 24% cervical and 33% lumbar (6).

Kuslich et al (8) identified intervertebral discs, facet
joints, ligaments, fascia, muscles, and nerve root dura
as tissues capable of transmitting pain in the low back.
Similarly, chronic thoracic or chest wall pain may be
transmitted by either intervertebral discs, facet joints,
ligaments, fascia, muscles, and nerve root dura, the tis-
sues capable of transmitting pain in the mid back and
upper back (9). Chronic, persistent thoracic and chest
wall pain and rare radicular pain may be secondary to
either disc herniation, discogenic pain, spinal stenosis,
or post thoracic surgery syndrome. Post thoracotomy
pain syndrome is separate from thoracic spinal pain.

In the United States, epidural injections are one of
the most commonly utilized treatment modalities for
managing chronic low back pain and lower extremity
pain, in addition to numerous other modalities, includ-
ing surgical interventions (10-33). Epidural injections are
administered by accessing the thoracic epidural space
by either a transforaminal or interlaminar approach.
While significant differences have been described be-
tween these 2 approaches, interlaminar entry is consid-
ered to deliver the medication closer to the assumed
site of pathology, while the transforaminal approach
is considered the target-specific modality requiring the
smallest volume to reach the primary site of pathology
(31). However, the transforaminal approach has been
associated with multiple complications (34-36).

Though thoracic epidural injections have been
used in the acute setting for the relief of acute post
thoracotomy pain, there is a paucity of literature con-
cerning thoracic epidural injections with or without ste-
roids for the treatment of chronic thoracic and chest
wall pain of spinal origin and chronic post thoracotomy
syndrome (34,37-42). Further, there have been very few
studies addressing adverse outcomes and complications
of thoracic epidural injections (31,35,36).

To date, there has been only one randomized
double-blind trial (39) examining the effect of thoracic
epidural injections in the management of chronic mid
back, upper back, or chest wall pain secondary to disc
herniation, radiculitis, or discogenic pain. However,

thoracic epidural injections have been studied in the
treatment of post thoracotomy pain (41,43,44). The
use of thoracic epidural injection for pain relief is still
for the most part being explored for post-thoracotomy
treatment, often in conjunction with medical analgesia.

Limited studies have examined adverse outcomes
of thoracic epidural injections (35,36,42,45-47). Overall,
the thoracic epidural injection procedure itself does not
appear to cause significant adverse outcomes.

The objective of this systematic review is to de-
termine the effects of thoracic interlaminar epidural
injections with or without steroids, with or without
fluoroscopy, and for various conditions including disc
herniation and radiculitis, axial or discogenic pain, spi-
nal stenosis, post thoracic surgery syndrome, and post
thoracotomy pain syndrome.

1.0 METHODS

The methodology utilized in this systematic re-
view followed the review process derived from evi-
dence-based systematic reviews and meta-analyses of
randomized trials and observational studies (10,48-
55), Consolidated Standards of Reporting Trials (CON-
SORT) guidelines for the conduct of randomized trials
(56,57), Standards for Reporting Observational Studies
(STROBE) (58-60), Cochrane guidelines (10,53,54), Chou
and Huffman’s guidelines (61), and quality of reporting
of analysis (50).

1.1 Criteria for Considering Studies for This
Review

1.1.1 Types of Studies
Randomized controlled trials
Non-randomized observational studies
Case reports and reviews for adverse effects

1.1.2 Types of Patients

Patients of interest were adults aged at least 18
years with chronic thoracic and chest wall pain of at
least 3 months duration.

Patients must have failed previous pharmacother-
apy, exercise therapy, etc., prior to starting interven-
tional pain management techniques.

1.1.3 Types of Interventions

The interventions were thoracic interlaminar epi-
dural injections for chronic mid back and upper back
pain. All randomized trials with proper inclusion crite-
ria and appropriately performed non-randomized stud-
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ies with proper technique preferably under fluoroscopic
or computed tomography (CT) guidance.

1.1.4 Types of Outcome Measures

¢ The primary outcome parameter was pain relief.

¢ The secondary outcome measures were function-
al improvement; change in psychological status;
return to work; reduction or elimination of opi-
oid use, other drugs, or 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
consensus.

1.2 Literature Search
Searches were conducted of the following sources
without language restrictions:
1. PubMed from 1966
www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed
2. EMBASE from 1980
www.embase.com
3. Cochrane Library
www.thecochranelibrary.com/view/0/index.html
4. U.S. National Guideline Clearinghouse (NGC)
www.guideline.gov
5. Previous systematic reviews and cross references
6. Clinical Trials
clinicaltrials.gov
The search period was from 1966 through March
2012.

1.3 Search Strategy

The search strategy emphasized chronic thoracic
pain, disc herniation, discogenic pain, post thoracic lam-
inectomy syndrome, post-thoracotomy pain, thoracic
spinal stenosis, and thoracic radiculitis treated with tho-
racic interlaminar epidural injections.

At least 2 of the review authors independently, in
an unblinded, standardized manner, performed each
search. Accuracy was confirmed by a statistician. All
searches were combined to obtain a unified search
strategy. Any disagreements between reviewers were
resolved by a third author and consensus.

1.4 Data Collection and Analysis

The review focused on randomized trials, observa-
tional studies, and reports of complications. The popu-
lation of interest was patients with chronic thoracic

pain for at least 3 months. Only thoracic epidural in-
jections with or without steroids were evaluated. All
of the studies providing appropriate management and
with outcome evaluations of one month or longer and
statistical evaluations were reviewed. Reports without
appropriate diagnosis, non-systematic reviews, book
chapters, and case reports were excluded.

1.4.1  Selection of Studies

¢ In an unblinded, standardized manner, 2 review
authors screened the abstracts of all identified
studies against the inclusion criteria.

¢ All articles with possible relevance were then re-
trieved in full text for comprehensive assessment
of internal validity, quality, and adherence to in-
clusion criteria.

1.4.2 Inclusion and Exclusion Criteria
The following are the inclusion and exclusion

criteria:

1. Are the patients described in sufficient detail to al-
low one to decide whether they are comparable to
those who are treated in interventional pain man-
agement clinical practices?

A. Setting - office, hospital, outpatient, inpatient

B. Physician — interventional pain physician, gen-
eral physician, anesthesiologist, physiatrist,
neurologist, rheumatologist, orthopedic sur-
geon, neurosurgeon, etc.

C. Patient characteristics - duration of pain

D. Non-interventional techniques or surgical in-
tervention in the past

2. Is the intervention described in sufficient detail to
enable one to apply its use to patients in interven-
tional pain management settings?

A. Nature of intervention
B. Frequency of intervention
C. Duration of intervention
3.  Were clinically relevant outcomes measured?
A. Proportion of pain relief
B. Disorder/specific disability
C. Functional improvement
D. Allocation of eligible and ineligible patients
to return to work
E. Ability to work

1.4.3 Clinical Relevance

The clinical relevance of the included studies was
evaluated according to 5 questions recommended by
the Cochrane Back Review Group (Table 1) (52,62).
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Each question was scored as 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 Methodologic Quality (Validity) Assessment

Even though none of these instruments or criteria
have been systematically assessed, the advantages and
disadvantages of each system were debated.

The methodologic quality assessment was per-
formed by 2 review authors who independently as-
sessed, in an unblinded, standardized manner, the in-
ternal validity of all the studies.

The methodologic quality assessment was per-
formed in a manner to avoid any discrepancies; if a
discrepancy was found, it was evaluated by a third re-
viewer and settled by consensus.

The quality of each individual article used in this
analysis was assessed by Cochrane review criteria (Table
2) (53) for randomized trials, and the Newcastle-Ottawa
Scale for observational studies (Tables 3 and 4) (63).

Review authors with a perceived conflict of inter-
est for any manuscript were recused from reviewing the
manuscript(s).

For adverse effects, confounding factors, etc., it
was not possible to use quality assessment criteria. Thus,
these were considered based on interpretation of the
published reports and critical analysis of the literature.

Only the randomized trials meeting t at least 6 of
12 inclusion criteria were utilized for analysis. However,
studies scoring lower were described and provided with
an opinion and critical analysis.

Observational studies had to meet a minimum of 7
of the 13 criteria for cohort studies and 5 of 10 for case-
control studies. Studies scoring less were also described
and provided with an opinion and a critical analysis.

If the literature search provided at least 5 random-
ized trials meeting the inclusion criteria and they were
homogenous, a meta-analysis was performed.

1.4.5 Data Extraction and Management

Two review authors independently, in an unblind-
ed standardized manner, extracted the data from the
included studies. Disagreements were resolved by dis-
cussion between the 2 reviewers; if no consensus could
be reached, a planned third author was called in to
break the impasse.

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

No meta-analysis was contemplated for thoracic
epidurals due to the paucity of literature.

1.5 Summary Measures

Summary measures included 50% or more reduc-
tion of pain or at least a 3 point decrease in pain scores
in at least 40% of the patients and a relative risk of
adverse events including side effects.

1.6 Minimum Amount of Change

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 findings in trials studying general chronic pain
(64), chronic musculoskeletal pain (65), and chronic low
back pain (48,50,52,65-67), which have been commonly
utilized. Recent descriptions of clinically meaningful
improvement showed either pain relief or functional
status as 50% (68-84). 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

Table 1. Clinical relevance questions.

P(+) | N() U (unclear)

those who are treated in clinical practice?

A) Are the patients described in detail so that one can decide whether they are comparable to

clinical practice?

B) Are the interventions and treatment settings described in sufficient detail to apply its use in

C) Were clinically relevant outcomes measured and reported?

D) Is the size of the effect clinically meaningful?

E) Do the likely treatment benefits outweigh the potential harms?

Scoring adapted and modified from Staal JB, et al. Injection therapy for subacute and chronic low-back pain. Cochrane Database Syst Rev 2008;

3:CD001824 (62).
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Table 2. Randomized controlled trials quality rating system.

A | 1. Was the method of A random (unpredictable) assignment sequence. Examples of adequate methods are coin toss (for studies Yes/No/

randomization adequate? with 2 groups), rolling a die (for studies with 2 or more groups), drawing of balls of different colors, drawing | Unsure
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 Assignment generated by an independent person not responsible for determining the eligibility Yes/No/
allocation concealed? of the patients. This person has no information about the persons included in the trial and hasno | Unsure

influence 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?

3. Was the patient blinded to | This item should be scored “yes” if the index and control groups are indistinguishable for the Yes/No/
the intervention? patients or if the success of blinding was tested among the patients and it was successful. Unsure
4. Was the care provider This item should be scored “yes” if the index and control groups are indistinguishable for the care | Yes/No/
blinded to the intervention? providers or if the success of blinding was tested among the care providers and it was successful. Unsure
5. Was the outcome assessor | Adequacy of blinding should be assessed for the primary outcomes. This item should be scored “yes” | Yes/No/
blinded to the intervention? if the success of blinding was tested among the outcome assessors and it was successful or: Unsure
—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 that 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 that will be determined by the
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 for outcome assessors 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.
D | Were incomplete outcome data adequately addressed?
6. Was the drop-out rate The number of participants who were included in the study but did not complete the Yes/No/
described and acceptable? observation period or were not included in the analysis must be described and reasons given. If | Unsure
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. these
percentages are arbitrary, not supported by literature).
7. Were all randomized All randomized patients are reported/analyzed in the group they were allocated to by Yes/No/
participants analyzed in the group | randomization for the most important moments of effect measurement (minus missing values) | Unsure
to which they were allocated? irrespective of non-compliance and co-interventions.

E | 8. Are reports of the study In order to receive a “yes,” the review author determines if all the results from all pre-specified | Yes/No/
free of suggestion of selective | outcomes have been adequately reported in the published report of the trial. This information Unsure
outcome reporting? 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.
F | Other sources of potential bias:
9. Were the groups similar at In order to receive a “yes,” groups have to be similar at baseline regarding demographic factors, | Yes/No/
baseline regarding the most duration and severity of complaints, percentage of patients with neurological symptoms, and Unsure
important prognostic indicators? | value of main outcome measure(s).
10. Were co-interventions This item should be scored “yes” if there were no co-interventions or they were similar between | Yes/No/
avoided or similar? the index and control groups. Unsure
11. Was the compliance The reviewer determines if the compliance with the interventions is acceptable, based on the Yes/No/
acceptable in all groups? reported intensity, duration, number and frequency of sessions for both the index intervention | Unsure
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.
12. Was the timing of the outcome | Timing of outcome assessment should be identical for all intervention groups and for all Yes/No/
assessment similar in all groups? | important outcome assessments. Unsure

Adapted and modified from A. D. Furlan, V. Pennick, C. Bombardier, et al; Editorial Board, Cochrane Back Review Group, “2009 updated method
guidelines for systematic reviews in the Cochrane Back Review Group,” Spine (Phila Pa 1976) vol. 34, no. 18, pp. 1929-1941, 2009 (53).
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Table 3. Newcastle-Ottawa quality assessment scale for 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

¢) 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

¢) 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 *

¢) 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

¢) 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/pro-
grams/clinical_epidemiology/oxford.asp (63).
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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 *

¢) 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

¢) no description of the derivation of the non exposed cohort

3) Ascertainment of exposure

a) secure record (e.g. 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/pro-
grams/clinical_epidemiology/oxford.asp (63).
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and functional status improvement of 40% or more.

1.7 Analysis of Evidence

The analysis of the evidence was performed based
on USPSTF criteria as illustrated in Table 5, criteria which
has been utilized by multiple authors (85).

The analysis was conducted using 3 levels of evi-
dence ranging from good, fair, or limited (or poor).

Two of the review authors independently, in an un-
blinded standardized manner, analyzed the evidence.
Any disagreements between reviewers were resolved
by a third author and a consensus. If there were any
conflicts of interest (e.g., authorship), the reviewers of
those manuscripts were recused from assessment and
analysis of those studies.

1.8 Outcome of the Studies

In the randomized trials, a study was judged to be
positive if the thoracic interlaminar epidural injection
therapy was clinically relevant and effective, either with
a placebo control or active control. This indicates that
the difference in effect for primary outcome measure
is statistically significant on the conventional 5% level.
In a negative study, no difference between the study
treatments or no improvement from baseline is identi-
fied. Further, the outcomes were judged at the refer-
ence point with positive or negative results reported at
one month, 3 months, 6 months, and one year.

For observational studies, a study was judged to be
positive if the epidural injection therapy was effective,
with outcomes reported at the reference point with
positive or negative results at one month, 3 months, 6
months, and one year.

2.0 ResuLts

Figure 1 shows a flow diagram of study selec-
tion as recommended by Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA)
(51). There were 17 studies considered for inclusion
(31,34,37-44,86-92).

Of the 17 thoracic epidural studies identified, only
2 studies were included (39,41). The 15 excluded studies
were mainly assessments of post-thoracotomy pain and
reviews (34,37,40,43,44,86-92). Table 6 illustrates other
studies excluded (31,38,42).

Table 7 illustrates characteristics of studies consid-
ered for inclusion. There was only one randomized trial
(39) and one observational study evaluating long-term
follow-up (41).

2.1 Clinical Relevance

Of the 2 studies assessed for clinical relevance, both
of them met criteria with scores of 5/5 and 4/5. Table 8
illustrates the assessment of clinical relevance.

2.2 Methodologic Quality Assessment

A methodologic quality assessment of the random-
ized controlled trials meeting inclusion criteria was car-
ried out utilizing Cochrane review criteria as shown in
Table 9. Studies achieving Cochrane scores of 9 or high-
er were considered as high quality, 6 to 8 were consid-
ered as moderate quality, and studies scoring less than
6 were excluded.

There was only one randomized trial evaluating
long-term response of 12 months or longer (39).

A methodologic quality assessment of one observa-
tional study meeting inclusion criteria was carried out

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 2 consistent, higher-quality RCTs or studies of diagnostic test accuracy).

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
Fair outcomes (at least one higher-quality trial or study of diagnostic test accuracy of sufficient sample size; 2 or more higher-quality
trials or studies of diagnostic test accuracy with some inconsistencys; at least 2 consistent, lower-quality trials or studies of
diagnostic test accuracy, or multiple consistent observational studies with no significant methodological flaws).

Limited or
poor

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

Adapted and modified from methods developed by U.S. Preventive Services Task Force (61,85).
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Computerized and manual search of literature
n =594

Articles excluded by title and/or abstract
n =305

Potential articles
n =289

Abstracts reviewed
n =289

Abstracts excluded
n =225

Full manuscripts reviewed
n =64

Manuscripts considered n = 36

Manuscripts not meeting inclusion criteria
n=19

Manuscripts considered for inclusion
n=17

Manuscripts considered for inclusion
Randomized trials = 1
Non-randomized studies = 1

Fig. 1. The flow diagram illustrating published literature evaluating thoracic epidural injections.

www.painphysicianjournal.com
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utilizing Newcastle-Ottawa Scales as illustrated in Table
10. For case-control studies, 8 or higher was consid-
ered as high quality, 5 to 7 was considered as moderate
quality, and less than 5 was considered low quality and
those studies were excluded.

There was only one non-randomized or observa-
tional study evaluating long-term effectiveness of tho-
racic interlaminar epidural injections with follow-up of
6 months or longer (41).

2.3 Study Characteristics
Table 7 illustrates the study characteristics of the
included studies.

2.4 Level of Evidence

Based on the USPSTF criteria, the evidence was con-
sidered at 3 levels — good, fair, and limited (or poor).
The evidence for thoracic epidural injection in treating
chronic thoracic pain is considered fair based on one
randomized trial (39) and limited for post thoracotomy
pain based on one observational study (41).

3.0 CompLicATIONS AND SIDE EFFECTS

Very few studies have examined the adverse ef-
fects of thoracic epidural injections for the treatment
of chronic mid and upper back pain (31,42). One study
(31) examined the complication rate of thoracic fo-

Table 6. List of excluded randomized trials and non-randomized studies.

Manuscript Condition Studied Number of Reason for Exclusion

Author(s) Patients Follow-up Period Other Reason(s)

Wang et al (31) Thoracic transforaminal 153 patients A retrospective evaluation using
nerve block for various 296 iE'ection)s NA radiograph and reports of
reasons for injection ) transforaminal epidurals

Fanciullo et al (38) | Frequency of epidural 36 NA Observational report with no follow-up
steroid injection results

Botwin et al (42) Thoracic interlaminar 21 NA Study of adverse effects

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

Manuscript Control vs.

. Follow-

Author(s) Type of | Number of Intervention or Outcome C ts)
. omment(s
Study Patients Comparator vs. . Measures

Period
Treatment

Manchikanti 40 6 mL of local Significant improvement with 50% or

et al (39) Local B more pain relief and functional status

anesthetic or 6 mL of Y NRS, ODI, improvement in 80% and 85% at one
R AC.F only =20 local anesthetic One vear employment year in patients receiving local anesthetic
> Local with 6 me of Y status, opioid or local anesthetic with steroids. This is
anesthetic non. articﬁlate intake the first randomized trial conducted in
with steroids betarI;l cthasone thoracic pain patients in contemporary
=20 ’ practice under fluoroscopy.
Ayad et al 8 patients In this evaluation, allodynia in patients
(41) unlzlerwen ¢ with post thoracotomy syndrome at least
conservative after 2 months were included for injection
management therapy with epidural injections. There
whereas 1g3 atients was significant improvement which
underwent fl:Dpi dural VAS, sleep was different from the control group in
P B 21 injections with 6 months | patterns, appetite patients receiving §p1dura1 ) ecnf)r?s.
donidine 150 changes, ADL Sleep scores, appetite changes, activity
me. 80 me of ’ scores also improved. Over 50% of the
meth ;(rgl’pre dnzigsolone patients showed significant improvement
0
acetate diluted . of 50% or more. .
in 8 mL of 0.5% This study had multiple issues with
i docaine. inclusion criteria including the number of
' patients as well as duration of pain.

R = Randomized; AC = Active-control; F = Fluoroscopy; P = Prospective; B = Blind; NA = Not Applicable; NRS = Numeric Rating Scale; ODI -
Oswestry Disability Index; VAS = Visual Analog Scale; ADL = Activities of Daily Living

E506

www.painphysicianjournal.com



Thoracic Interlaminar Epidural Injections

Table 8. Clinical relevance of included studies.

B) Description ..
. . . . C) Clinically .
Manuscript A) Patient of interventions D) Clinical | E) Benefits versus Total
. relevant . . .o
Author(s) description and treatment importance potential harms Criteria Met
. outcomes
settings

Manchikanti et al (39) + + + + + 5/5
Ayad et al (41) + + + - + 4/5

+ = positive; - = negative ; U= unclear

Scoring adapted and modified from Staal JB, et al. Injection therapy for subacute and chronic low-back pain. Cochrane Database Syst Rev 2008;

3:CD001824 (62).

Table 9. Methodological quality assessment of the randomized trial.

Manchikanti et al (39)
Randomization adequate Yes
Concealed treatment allocation Yes
Patient blinded Yes
Care provider blinded Yes
Outcome assessor blinded No
Drop-out rate described Yes
All randomized participants analyzed in the group Yes
Reports of the study free of suggestion of selective outcome reporting Yes
Groups similar at baseline regarding most important prognostic indicators Yes
Co-interventions avoided or similar Yes
Compliance acceptable in all groups Yes
Time of outcome assessment in all groups similar Yes
Score 11/12

raminal injections at the same institution and found a
complication rate of 4.1% (12 out of 296 injections). All
of these were considered minor complications (light-
headedness, local numbness, muscle spasm, vasovagal
response, headache) with one major complication of an
avoidable pneumothorax.

Botwin et al (42) reviewed adverse effects of fluo-
roscopically guided interlaminar thoracic epidural in-
jections for the treatment of spondylosis and herniated
nucleus pulposus. A retrospective review of charts of 21
patients revealed a 20.5% minor complication rate, all
without morbidity. Complications included pain at the
injection site (7.7%), facial flushing (5.1%), headache
(2.6%), insomnia the night of the injection (2.6%), and
fever the night of the procedure (2.6%).

Manchikanti et al evaluated complications and side
effects of epidural injections (45-47,93). Among 10,000
epidurals performed, 301 were performed in the tho-
racic region. The results illustrated intravascular entry
in 4%; return of blood in 2.7%; profuse bleeding in
1.3%; local hematoma in 0.7%; bruising in 0.3%; vaso-
vagal reaction, transient nerve root irritation, postlum-
bar puncture headache, and facial flushing in 0.33%;
transient spinal cord irritation in 1%; dural puncture in
1.3%; and profuse bleeding in 1.3%.

4.0 Discussion

The results of this systematic review evaluating
the effectiveness of thoracic epidural injections with
or without steroids in managing chronic thoracic pain
showed fair evidence with one randomized trial in pa-
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Table 10. Quality assessment of case control studies.

Ayad et al (41)

1) Is the case definition adequate?

a) yes, with independent validation *

b) yes, e.g., record linkage or based on self-reports X

¢) no description

2) Representativeness of the cases

a) consecutive or obviously representative series of cases * X

b) potential for selection biases or not stated

3) Selection of controls

a) community controls * X

b) hospital controls

¢) 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 X
a) study controls for (Select the most important factor.) *

b) study controls for any additional factor * (This criterion could be modified to indicate specific control for a
second important factor.)

Exposure

1) Ascertainment of exposure

a) secure record (e.g., surgical records) * X

b) structured interviews were blind to case/control status *

¢) interviews 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 * X
b) no

3) Nonresponse rate

a) same rate for both groups *

b) nonrespondents described X

c) rate different and no designation

SCORE 7110

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Exposure categories. A maximum of 2 stars
can be given for Comparability.

G.A. Wells, B. Shea, D. O’Connell, J. Peterson, V. Welch, M. Losos, P. Tugwell, “The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-
randomized studies in meta-analysis,” www.ohri.ca/programs/clinical_epidemiology/oxford.asp (63).
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tients with various causes; whereas the evidence was
poor or limited based on one non-randomized study
evaluating chronic pain in post thoracotomy syndrome.
The results of this systematic review are provided uti-
lizing contemporary systematic review methodology
of randomized trials and observational studies, even
though most of the evidence was derived from ran-
domized trials. This systematic review provides informa-
tion that thoracic epidural injections may be effective
and there may not be any significant difference with
the addition of steroids when appropriately performed
with fluoroscopy.

The scarcity of published reports to describe the ef-
fectiveness of thoracic epidural injections for the treat-
ment of chronic pain is the obvious shortcoming of this
review. Although the frequency of mid and upper back
pain is lower than low back and neck pain, it is estimat-
ed that the prevalence is around 13% in the general
population (1). Interestingly, despite its low frequency,
pain in the thoracic spine causes as much disability as
pain originating in other areas of the spine (7). The
one randomized trial to date showed effectiveness for
patients with chronic pain secondary to thoracic disc
herniation or radiculitis and discogenic pain. This pre-
liminary report established that if thoracic facet joint
arthropathy is ruled out as a source of chronic pain, lo-
cal anesthetics epidurally injected with or without ste-
roids provide a promising alternative for the treatment
of thoracic spine pain. Overall 80-85% of the patients
showed an over 50% reduction in pain. Interestingly,
the use of steroids did not show any benefit over the
local anesthetic group. One limitation of this study is
that the number of patients enrolled did not reach sig-
nificance as determined by the sample size analysis, but
the dramatic number of patients that reported over
50% relief at the 12 month follow-up represents a vi-
able treatment option for this group of patients.

The adverse effects of thoracic epidural injections
do not appear to be significant, especially when com-
pared to lumbar and cervical injection complication
rates. Also, as stated in several of the studies, no control
or placebo groups are used in most reports. Though this
is the norm for these types of studies, it is a shortcom-
ing. There does not seem to be a consensus in the use of
thoracic epidural analgesia for post-thoracotomy pain
relief, with some studies finding no improvement with
thoracic epidural injections, though various methodol-

ogies of treatment are still being investigated, i.e., peri-
operative and postoperative treatment with or without
adjuvant medical management. Overall, use of thoracic
epidural injection holds promise as treatment either
alone or in conjunction with pain medication. Adverse
effects appear to be about equal to adverse outcomes
of more frequently used lumbar and cervical injections.

Multiple systematic reviews have been performed
evaluating the role of epidural injections, most com-
monly in the lumbar spine, but also in the cervical spine
(10,17,18,61,94-96). Multiple guidelines have been pub-
lished over the years; however, due to the paucity of
literature on thoracic epidural injections, this is the first
systematic review ever performed for thoracic interlam-
inar epidural injections. This systematic review failed to
show significant improvement over the general impres-
sions that there is a substantial paucity of literature
about thoracic epidural injections.

Various disadvantages of the single study included
are the lack of placebo control with an active-control
design and also that it is a preliminary report of 40 pa-
tients. Placebo control neural blockade has been de-
scribed quite extensively as has its misinterpretations.
Generally, it is not recognized that placebo solutions in-
jected into active structures produce significant clinical
or therapeutic effects (96-110). The underlying mecha-
nism of action of epidurally administered steroids and
local anesthetic injection is not well understood, but it
is believed that both local anesthetics and steroids pro-
vide long-lasting relief by various mechanisms, despite
the significant evidence for inflammatory theory in disc
herniation and probably in discogenic pain (111-127).

In fact, Sato et al (117) and Tachihara et al (118)
showed the prolonged analgesic effect of epidural
bupivacaine in a rat model of neuropathic pain with
repetitive administration, possibly by inducing plastic
change in nociceptive input (117); the nerve root infil-
tration prevented mechanical allodynia, however, no
additional benefit from using corticosteroid was identi-
fied by Tachihara et al (118).

5.0 ConcLusiON

Epidural injections for managing chronic thoracic
pain showed fair evidence with one randomized trial in
patients with various causes; whereas, for chronic pain
from post-thoracotomy syndrome, the evidence was
poor or limited based on one non-randomized study.

www.painphysicianjournal.com

E509



Pain Physician: July/August 2012; 15:E497-E514

REFERENCES

1.

10.

Leboeuf-Yde C, Nielsen J, Kyvik KO, Fe-
jer R, Hartvigsen J. Pain in the lum-
bar, thoracic or cervical regions: do age
and gender matter? A population-based
study of 34,902 Danish twins 20-71 years
of age. BMC Musculoskelet Disord 2009;
10:39.

Manchikanti L, Pampati V. Research de-
signs in interventional pain manage-
ment: Is randomization superior, desir-
able or essential? Pain Physician 2002;
5:275-284.

Manchikanti L, Pampati V, Fellows B,
Beyer CD, Damron KS, Barnhill RC,
Burks TA. Characteristics of chronic low
back pain in patients in an interven-
tional pain management setting: A pro-
spective evaluation. Pain Physician 2001;
4:131-142.

Manchikanti L, Boswell MV, Singh V,
Pampati V, Damron KS, Beyer CD. Prev-
alence of facet joint pain in chronic spi-
nal pain of cervical, thoracic, and lum-
bar regions. BMC Musculoskelet Disord
2004; 5:15.

Linton SJ, Halldén K. Can we screen
for problematic back pain? A screening
questionnaire for predicting outcome in
acute and subacute back pain. Clin ] Pain
1998; 14:209-215.

Anderson R, Meeker WC, Wirick BE,
Mootz RD, Kirk DH, Adams A. A meta-
analysis of clinical trials of spinal manip-
ulation. ] Manipulative Physiol Ther 1992;
15:181-194.

Occhipinti E, Colombini D, Grieco A.
Study of distribution and characteris-
tics of spinal disorders using a validated
questionnaire in a group of male sub-
jects not exposed to occupational spinal
risk factors. Spine (Phila Pa 1976) 1993;
18:1150-1159.

Kuslich SD, Ulstrom CL, Michael CJ. The
tissue origin of low back pain and sci-
atica: A report of pain response to tis-
sue stimulation during operations on
the lumbar spine using local anesthesia.
Orthop Clin North Am 1991; 22:181-187.
Manchikanti L, Boswell MV, Singh V,
Derby R, Fellows B, Falco FJ, Datta S,
Smith HS, Hirsch JA; ASIPP. Compre-
hensive review of neurophysiologic ba-
sis and diagnostic interventions in man-
aging chronic spinal pain. Pain Physician
2009; 12:E71-E120.

Staal JB, de Bie RA, de Vet HC, Hildeb-
randt ), Nelemans P. Injection therapy
for subacute and chronic low back pain:
An updated Cochrane review. Spine (Phi-

11.

la Pa 1976) 2009; 34:49-59.

Chou R, Huffman L. Use of Chronic Opi-
oid Therapy in Chronic Noncancer Pain:
Evidence Review. American Pain Society,
Glenview, IL, 2009.

www.ampainsoc.org/pub/pdf/Opioid_Final_

12.

13.

14.

15.

16.

17.

18.

19.

20.

Evidence_Report.pdf

Manchikanti L, Fellows B, Ailinani H,
Pampati V. Therapeutic use, abuse, and
nonmedical use of opioids: A ten-year
perspective. Pain Physician 2010; 13:401-
435

Manchikanti L, Ailinani H, Koyyalagunta
D, Datta S, Singh V, Eriator |, Sehgal N,
Shah R, Benyamin R, Vallejo R, Fellows
B, Christo PJ. A systematic review of ran-
domized trials of long-term opioid man-
agement for chronic non-cancer pain.
Pain Physician 2011; 14:91-121.
Manchikanti L, Vallejo R, Manchikanti
KN, Benyamin RM, Datta S, Christo PJ.
Effectiveness of long-term opioid thera-
py for chronic non-cancer pain. Pain Phy-
sician 2011; 14:E133-E156.

Manchikanti L, Pampati V, Singh V, Bo-
swell MV, Smith HS, Hirsch JA. Explo-
sive growth of facet joint interventions
in the medicare population in the United
States: A comparative evaluation of 1997,
2002, and 2006 data. BMC Health Serv
Res 2010; 10:84.

Manchikanti L, Singh V, Caraway DL, Be-
nyamin RM, Hirsch JA. Medicare physi-
cian payment systems: Impact of 2011
schedule on interventional pain man-
agement. Pain Physician 2011; 14:E5-E33.
Manchikanti L, Datta S, Derby R, Wolf-
er LR, Benyamin RM, Hirsch JA; Ameri-
can Pain Society. A critical review of the
American Pain Society clinical practice
guidelines for interventional techniques:
Part 1. Diagnostic interventions. Pain
Physician 2010; 13:E141-E174.
Manchikanti L, Datta S, Gupta S, Mung-
lani R, Bryce DA, Ward SP, Benyamin
RM, Sharma ML, Helm S 2nd, Fellows B,
Hirsch JA. A critical review of the Amer-
ican Pain Society clinical practice guide-
lines for interventional techniques: Part
2. Therapeutic interventions. Pain Physi-
cian 2010; 13:E215-E264.

Manchikanti L, Singh V, Boswell MV. In-
terventional pain management at cross-
roads: The perfect storm brewing for a
new decade of challenges. Pain Physician
2010; 13:E111-E140.

Benyamin RM, Datta S, Falco FJ. A per-
fect storm in interventional pain man-

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

agement: regulated, but unbalanced.
Pain Physician 2010; 13:109-116.
Manchikanti L, Parr AT, Singh V, Fel-
lows B. Ambulatory surgery centers
and interventional techniques: A look at
long-term survival. Pain Physician 2011;
14:E177-E215.

Graybill J, Conermann T, Kabazie AJ,
Chandy S. Spinal cord stimulation for
treatment of pain in a patient with post
thoracotomy pain syndrome. Pain Physi-
cian 2011; 14:441-445.

Manchikanti L, Singh V, Falco FJ, Cash
KA, Pampati V, Fellows B. Comparative
effectiveness of a one-year follow-up of
thoracic medial branch blocks in man-
agement of chronic thoracic pain: A ran-
domized, double-blind active controlled
trial. Pain Physician 2010; 13:535-548.
Manchikanti L, Falco FJ, Boswell MV,
Hirsch JA. Facts, fallacies, and politics of
comparative effectiveness research: Part
|. Basic considerations. Pain Physician
2010; 13:E23-E54.

Manchikanti L, Falco FJ, Boswell MV,
Hirsch JA. Facts, fallacies, and politics
of comparative effectiveness research:
Part 2 - implications for interventional
pain management. Pain Physician 2010;
13:E55-E79.

Singh V, Manchikanti L, Shah RV, Dun-
bar EE, Glaser SE. Systematic review of
thoracic discography as a diagnostic test
for chronic spinal pain. Pain Physician
2008; 11:631-642.

Cohen SP, Sireci A, Wu CL, Larkin TM,
Williams KA, Hurley RW. Pulsed radio-
frequency of the dorsal root ganglia is
superior to pharmacotherapy or pulsed
radiofrequency of the intercostal nerves
in the treatment of chronic postsurgical
thoracic pain. Pain Physician 2006; 9:227-
235.

Manchikanti L, Singh V, Vilims BD,
Hansen HC, Schultz DM, Kloth DS.
Medial branch neurotomy in manage-
ment of chronic spinal pain: Systemat-
ic review of the evidence. Pain Physician
2002; 5:405-418.

Manchikanti L, Singh V, Pampati V, Bey-
er CD, Damron KS. Evaluation of the
prevalence of facet joint pain in chronic
thoracic pain. Pain Physician 2002; 5:354-
359.

Manchukonda R, Manchikanti KN, Cash
KA, Pampati V, Manchikanti L. Fac-
et joint pain in chronic spinal pain: An
evaluation of prevalence and false-pos-
itive rate of diagnostic blocks. J Spinal

E510

www.painphysicianjournal.com



Thoracic Interlaminar Epidural Injections

31

32.

33.

34.

35

36.

37

38.

39.

40.

41.

42.

Disord Tech 2007; 20:539-545.

Wang A, Pilgram TK, Gilula LA. Immedi-
ate complications and pain relief asso-
ciated with 296 fluoroscopically guided
thoracic foraminal nerve blocks. AJR Am
] Roentgenol 2011; 197:1410-1416.
Manchikanti L, Singh V, Caraway DL,
Benyamin RM. Breakthrough pain in
chronic non-cancer pain: Fact, fiction,
or abuse. Pain Physician 2011; 14:E103-
E117.

Manchikanti L, Pampati V, Boswell MV,
Smith HS, Hirsch JA. Analysis of the
growth of epidural injections and costs
in the Medicare population: A compara-
tive evaluation of 1997, 2002, and 2006
data. Pain Physician 2010; 13:199-212.

Joshi GP, Bonnet F, Shah R, Wilkinson
RC, Camu F, Fischer B, Neugebauer EA,
Rawal N, Schug SA, Simanski C, Kehlet
H. A systematic review of randomized
trials evaluating regional techniques
for postthoracotomy analgesia. Anesth
Analg 2008; 107:1026-1040.

Glaser SE, Falco F. Paraplegia following
a thoracolumbar transforaminal epidur-
al steroid injection. Pain Physician 200s5;
8:309-314.

Glaser SE, Shah RV. Root cause analysis
of paraplegia following transforaminal
epidural steroid injections: The “unsafe”
triangle. Pain Physician 2010; 13:237-244.
Savage C, McQuitty C, Wang D, Zwisch-
enberger JB. Postthoracotomy pain
management. Chest Surg Clin N Am
2002; 12:251-263.

Fanciullo GJ, Hanscom B, Seville J, Ball
PA, Rose RJ. An observational study of
the frequency and pattern of use of epi-
dural steroid injection in 25,479 patients
with spinal and radicular pain. Reg Anes-
th Pain Med 2001; 26:5-11.

Manchikanti L, Cash KA, McManus CD,
Pampati V, Benyamin RM. A preliminary
report of a randomized double-blind,
active controlled trial of fluoroscopic
thoracic interlaminar epidural injections
in managing chronic thoracic pain. Pain
Physician 20105 13:E357-E369.

Conlon NP, Shaw AD, Grichnik KP. Post-
thoracotomy paravertebral analgesia:
Will it replace epidural analgesia? Anes-
thesiol Clin 2008; 26:369-380, viii.

Ayad AE, El Masry A. Epidural steroid
and clonidine for chronic intractable
post-thoracotomy pain: A pilot study.
Pain Pract 2012; 12:7-13.

Botwin KP, Baskin M, Rao S. Adverse ef-
fects of fluoroscopically guided inter-

43

44.

45.

46.

47.

48.

49.

50.

51.

52.

laminar thoracic epidural steroid injec-
tions. Am ] Phys Med Rehabil 2006; 85:14-
23.

Keller SM, Carp NZ, Levy MN, Rosen
SM. Chronic post thoracotomy pain. ]
Cardiovasc Surg (Torino) 1994; 35:161-164.
Pluijms WA, Steegers MA, Verhagen AF,
Scheffer GJ, Wilder-Smith OH. Chron-
ic post-thoracotomy pain: A retrospec-
tive study. Acta Anaesthesiol Scand 2006;
50:804-808.

Manchikanti L, MallaY, Wargo BW, Cash
KA, Pampati V, Fellows B. A prospective
evaluation of complications of 10,000
fluoroscopically directed epidural injec-
tions. Pain Physician 2012; 15:131-140.
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 interven-
tional techniques in chronic pain. Pain
Physician 2011; 14:317-329.

Manchikanti L, Malla Y, Wargo BW, Fel-
lows B. Infection control practices (safe
injection and medication vial utiliza-
tion) for interventional techniques: Are
they based on relative risk management
or evidence? Pain Physician 2011; 14:425-
434.

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-analy-
ses of randomized trials. Pain Physician
2000; 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 QUO-
ROM statement. Quality of Reporting
of Meta-analyses. Lancet 1999; 354:1896-
1900.

Liberati A, Altman DG, Tetzlaff J, Mulrow
C, Ggtzsche PC, loannidis JP, Clarke M,
Devereaux PJ, Kleijnen J, Moher D. The
PRISMA statement for reporting sys-
tematic reviews and meta-analyses of
studies that evaluate health care inter-
ventions: Explanation and elaboration.
Ann Intern Med 2009; 151:W65-W94.

van Tulder M, Furlan A, Bombardier C,

53

54.

55-

56.

57

58.

59-

Bouter L; Editorial Board of the Co-
chrane Collaboration Back Review
Group. Updated method guidelines for
systematic reviews in the cochrane col-
laboration back review group. Spine (Ph-
ila Pa 1976) 2003; 28:1290-1299.

Furlan AD, Pennick V, Bombardier C,
van Tulder M; Editorial Board, Co-
chrane Back Review Group. 2009 up-
dated method guidelines for system-
atic reviews in the Cochrane Back Re-
view Group. Spine (Phila Pa 1976) 2009;
34:1929-1941.

van Tulder MW, Suttorp M, Morton S,
Bouter LM, Shekelle P. Empirical evi-
dence of an association between inter-
nal validity and effect size in random-
ized controlled trials of low-back pain.
Spine (Phila Pa 1976) 2009; 34:1685-1692.
Stroup DF, Berlin JA, Morton SC, Olkin
I, Williamson GD, Rennie D, Moher D,
Becker BJ, Sipe TA, Thacker SB. Meta-
analysis of observational studies in ep-
idemiology: A proposal for reporting.
Meta-analysis Of Observational Studies
in Epidemiology (MOOSE) group. JAMA
2000; 283:2008-2012.

Altman DG, Schulz KF, Moher D, Egg-
er M, Davidoff F, Elbourne D, Ggtzsche
PC, Lang T; CONSORT GROUP (Con-
solidated Standards of Reporting Tri-
als). The revised CONSORT statement
for reporting randomized trials: Expla-
nation and elaboration. Ann Intern Med
2001; 134:663-694.

Moher D, Hopewell S, Schulz KF, Mon-
tori V, Ggtzsche PC, Devereaux PJ, El-
bourne D, Egger M, Altman DG. CON-
SORT 2010 explanation and elaboration:
Updated guidelines for reporting paral-
lel group randomised trials. BM] 2010;
340:C869.

Vandenbroucke JP, von Elm E, Altman
DG, Ggtzsche 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.

Vandenbroucke JP, Von Elm E, Altman
DG, Ggtzsche PC, Mulrow CD, Pocock
S), Poole C, Schlesselman JJ, Egger M;
Iniciativa STROBE. Strengthening the
reporting of observational studies in ep-
idemiology (STROBE): Explanation and
elaboration. Gac Sanit 2009; 23:158.

von Elm E, Altman DG, Egger M, Po-
cock SJ, Ggtzsche PC, Vandenbroucke

www.painphysicianjournal.com

E511



Pain Physician: July/August 2012; 15:E497-E514

61.

WwWw.

62.

63.

64.

65.

66.

67.

68.

69.

70.

JP, STROBE |Initiative. The Strength-
ening the Reporting of Observation-
al Studies in Epidemiology (STROBE)
Statement: Guidelines for reporting ob-
servational studies. Ann Intern Med 2007;
147:573-577-

Chou R, Huffman L. Guideline for the
Evaluation and Management of Low Back
Pain: Evidence Review. American Pain So-
ciety, Glenview, IL, 2009.
ampainsoc.org/pub/pdf/LBPEvidRev.pdf
Staal JB, de Bie R, de Vet HC, Hildeb-
randt J, Nelemans P. Injection thera-
py for subacute and chronic low-back
pain. Cochrane Database Syst Rev 2008;
CDo001824.

Wells GA, Shea B, O’Connell D, Peter-
son J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for as-
sessing the quality of nonrandomized
studies in meta-analysis. www.ohri.ca/
programs/clinical_epidemiology/ox-
ford.asp

Farrar JT. What is clinically meaningful:
Outcome measures in pain clinical tri-
als. Clin ] Pain 2000; 16:5106-S112.
Salaffi F, Stancati A, Silvestri CA, Ciapet-
ti A, Grassi W. Minimal clinically impor-
tant changes in chronic musculoskeletal
pain intensity measured on a numerical
rating scale. Eur ] Pain 2004; 8:283-291.
Bombardier C. Outcome assessments
in the evaluation of treatment of spi-
nal disorders: Summary and general
recommendations. Spine (Phila Pa 1976)
2000; 25:3100-3103.

Higg O, Fritzell P, Nordwall A; Swedish
Lumbar Spine Study Group. The clini-
cal importance of changes in outcome
scores after treatment for chronic low
back pain. Eur Spine ] 2003; 12:12-20.
Manchikanti L, Cash KA, McManus CD,
Pampati V, Fellows B. Fluoroscopic cau-
dal epidural injections with or with-
out steroids in managing pain of lum-
bar spinal stenosis: One year results of
randomized, double-blind, active-con-
trolled trial. J Spinal Disord April 5, 2011
[Epub ahead of print].

Manchikanti L, Singh V, Cash KA, Pam-
pati V, Damron KS, Boswell MV. A ran-
domized, controlled, double-blind tri-
al of fluoroscopic caudal epidural injec-
tions in the treatment of lumbar disc
herniation and radiculitis. Spine (Phila
Pa 1976) 2011; 36:1897-1905.

Manchikanti L, Cash KA, McManus CD,
Pampati V, Smith HS. One-year results
of a randomized, double-blind, active

71.

72.

73

74.

75

76.

77

78.

controlled trial of fluoroscopic caudal
epidural injections with or without ste-
roids in managing chronic discogenic
low back pain without disc herniation or
radiculitis. Pain Physician 2011; 14:25-36.
Manchikanti L, Singh V, Cash KA, Pam-
pati V, Datta S. Management of pain of
post lumbar surgery syndrome: One-
year results of a randomized, double-
blind, active controlled trial of fluoro-
scopic caudal epidural injections. Pain
Physician 2010; 13:509-521.

Manchikanti L, Cash KA, McManus CD,
Pampati V, Singh V, Benyamin R. The
preliminary results of a comparative ef-
fectiveness evaluation of adhesiolysis
and caudal epidural injections in man-
aging chronic low back pain secondary
to spinal stenosis: A randomized, equiv-
alence controlled trial. Pain Physician
2009; 12:E341-E354.

Manchikanti L, Singh V, Cash KA, Pam-
pati V, Datta S. A comparative effective-
ness evaluation of percutaneous adhe-
siolysis and epidural steroid injections
in managing lumbar post surgery syn-
drome: A randomized, equivalence
controlled trial. Pain Physician 2009;
12:E355-E368.

Manchikanti L, Singh V, Falco FJ, Cash
KA, Pampati V. Evaluation of the effec-
tiveness of lumbar interlaminar epidur-
al injections in managing chronic pain
of lumbar disc herniation or radiculitis:
A randomized, double-blind, controlled
trial. Pain Physician 2010; 13:343-355.
Manchikanti L, Cash KA, McManus CD,
Pampati V, Benyamin RM. Preliminary
results of a randomized, double-blind,
controlled trial of fluoroscopic lumbar
interlaminar epidural injections in man-
aging chronic lumbar discogenic pain
without disc herniation or radiculitis.
Pain Physician 2010; 13:E279-E292.
Manchikanti L, Cash KA, McManus CD,
Damron KS, Pampati V, Falco FJ. Lum-
bar interlaminar epidural injections in
central spinal stenosis: preliminary re-
sults of a randomized, double-blind,
active control trial. Pain Physician 2012;
15:51-63.

Manchikanti L, Cash KA, Pampati V,
Wargo BW, Malla Y. Cervical epidur-
al injections in chronic discogenic neck
pain without disc herniation or radiculi-
tis: Preliminary results of a randomized,
double-blind, controlled trial. Pain Phy-
sician 2010; 13:E265-E278.

Manchikanti L, Cash KA, Pampati V,
Wargo BW, Malla Y. The effectiveness of

79-

8o.

81.

82.

83.

84.

8s.

86.

87.

88.

fluoroscopic cervical interlaminar epi-
dural injections in managing chron-
ic cervical disc herniation and radiculi-
tis: Preliminary results of a randomized,
double-blind, controlled trial. Pain Phy-
sician 2010; 13:223-236.

Manchikanti L, Malla Y, Cash KA, McM-
anus CD, Pampati V. Fluoroscopic epi-
dural injections in cervical spinal steno-
sis: Preliminary results of a randomized,
double-blind, active control trial. Pain
Physician 2012; 15:E59-E7o0.

Manchikanti L, Malla Y, Cash KA, McM-
anus CD, Pampati V. Fluoroscopic cer-
vical interlaminar epidural injections in
managing chronic pain of cervical post-
surgery syndrome: Preliminary results
of a randomized, double-blind, active
control trial. Pain Physician 2012; 15:13-
25.

Manchikanti L, Singh V, Falco FJ, Cash
KA, Pampati V. Evaluation of lumbar fac-
etjoint nerve blocks in managing chron-
ic low back pain: A randomized, double-
blind, controlled trial with a 2-year fol-
low-up. Int ] Med Sci 2010; 7:124-135.
Carragee EJ, Cheng I. Minimum accept-
able outcomes after lumbar spinal fu-
sion. Spine ] 2010; 10:313-320.
Manchikanti L, Singh V, Falco FJ, Cash
KA, Fellows B. Comparative outcomes
of a 2-year follow-up of cervical me-
dial branch blocks in management of
chronic neck pain: A randomized, dou-
ble-blind controlled trial. Pain Physician
2010; 13:437-450.

Gatchel RJ, Mayer TG. Testing minimal
clinically important difference: consen-
sus or conundrum? Spine J 2010; 10:321-
327.

Harris RP, Helfand M, Woolf SH, Lohr
KN, Mulrow CD, Teutsch SM, Atkins D;
Methods Work Group, Third US Preven-
tive Services Task Force. Current meth-
ods of the US Preventive Services Task
Force: A review of the process. Am ] Prev
Med 2001; 20:21-35.

De Cosmo G, Aceto P, Gualtieri E, Con-
gedo E. Analgesia in thoracic surgery:
Review. Minerva Anestesiol 2009; 75:393-
400.

Wildgaard K, Ravn J, Kehlet H. Chronic
post-thoracotomy pain: A critical review
of pathogenic mechanisms and strate-
gies for prevention. Eur ] Cardiothorac
Surg 2009; 36:170-180.

Perttunen K, Tasmuth T, Kalso E. Chron-
ic pain after thoracic surgery: A follow-
up study. Acta Anaesthesiol Scand 1999;

E512

www.painphysicianjournal.com



Thoracic Interlaminar Epidural Injections

89.

90.

91.

92.

93-

94.

95-

96.

97-

98.

43:563-567-

Hu JS, Lui PW, Wang H, Chan KH, Luk
HN, Tsou MY, Lee TY. Thoracic epidural
analgesia with morphine does not pre-
vent postthoracotomy pain syndromee:
A survey of 159 patients. Acta Anaesthe-
siol Sin 2000; 38:195-200.

Ju H, Feng Y, Yang BX, Wang J. Com-
parison of epidural analgesia and inter-
costal nerve cryoanalgesia for post-tho-
racotomy pain control. Eur ] Pain 2008;
12:378-384.

Tiippana E, Nilsson E, Kalso E. Post-
thoracotomy pain after thoracic epi-
dural analgesia: A prospective follow-
up study. Acta Anaesthesiol Scand 2003;
47:433-438.

Sentiirk M, Ozcan PE, Talu GK, Kiyan E,
Camci E, Ozyalgin S, Dilege S, Pembeci
K. The effects of three different analge-
sia techniques on long-term postthora-
cotomy pain. Anesth Analg 2002; 94:11-
15.

Manchikanti L, Malla Y, Wargo BW, Fel-
lows B. Preoperative fasting before in-
terventional techniques: Is it necessary
or evidence-based? Pain Physician 2011;
14:459-467.

Manchikanti L, Boswell MV, Singh V,
Benyamin RM, Fellows B, Abdi S, Bue-
naventura RM, Conn A, Datta S, Der-
by R, Falco FJ, Erhart S, Diwan S, Hayek
SM, Helm S, Parr AT, Schultz DM, Smith
HS, Wolfer LR, Hirsch JA; ASIPP-IPM.
Comprehensive evidence-based guide-
lines for interventional techniques in
the management of chronic spinal pain.
Pain Physician 2009; 12:699-802.

Conn A, Buenaventura RM, Datta S,
Abdi S, Diwan S. Systematic review of
caudal epidural injections in the man-
agement of chronic low back pain. Pain
Physician 2009; 12:109-135.

Parr AT, Diwan S, Abdi S. Lumbar inter-
laminar epidural injections in manag-
ing chronic low back and lower extrem-
ity pain: A systematic review. Pain Physi-
cian 2009; 12:163-188.

Carette S, Leclaire R, Marcoux S, Mo-
rin F, Blaise GA, St-Pierre A, Truchon R,
Parent F, Levésque J, Bergeron V, Mont-
miny P, Blanchette C. Epidural cortico-
steroid injections for sciatica due to her-
niated nucleus pulposus. N Engl ] Med
1997; 336:1634-1640.

Karppinen J, Malmivaara A, Kurunlahti
M, Kyllénen E, Pienimiki T, Nieminen
P, Ohinmaa A, Tervonen O, Vanharanta
H. Periradicular infiltration for sciatica:
A randomized controlled trial. Spine (Ph-

99

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

ila Pa 1976) 2001; 26:1059-1067.
Manchikanti L, Giordano J, Fellows B,
Hirsch JA. Placebo and nocebo in inter-
ventional pain management: A friend
or a foe--or simply foes? Pain Physician
2011; 14:E157-E175.

Smuck M, Levin JH. RE: Manchikanti L,
Singh V, Falco FJE, Cash KA, Fellows B.
Cervical medial branch blocks for chron-
ic cervical facet joint pain: a random-
ized double-blind, controlled trial with
one-year follow-up. Spine (Phila Pa 1976)
2008; 33:1813-1820. Spine (Phila Pa 1976)
20009; 34:1116-1117.

Levin JH. Prospective, double-blind,
randomized placebo-controlled trials in
interventional spine: What the highest
quality literature tells us. Spine J 2009;
9:690-703.

Manchikanti L, Shah RV, Datta S, Singh
V. Critical evaluation of intervention-
al pain management literature provides
inaccurate conclusions. Spine ] 2009;
9:706-708; author reply 708-709.
Nelemans PJ, deBie RA, deVet HC, Stur-
mans F. Injection therapy for subacute
and chronic benign low back pain. Spine
(Phila Pa 1976) 2001; 26:501-515.

Pham Dang C, Lelong A, Guilley J,
Nguyen JM, Volteau C, Venet G, Perrier
C, Lejus C, Blanloeil Y. Effect on neuro-
stimulation of injectates used for peri-
neural space expansion before place-
ment of a stimulating catheter: Normal
saline versus dextrose 5% in water. Reg
Anesth Pain Med 2009; 34:398-403.

Tsui BC, Kropelin B, Ganapathy S, Finu-
cane B. Dextrose 5% in water: fluid me-
dium for maintaining electrical stimula-
tion of peripheral nerves during stimu-
lating catheter placement. Acta Anaes-
thesiol Scand 2005; 49:1562-1565.

Indahl A, Kaigle AM, Reikerds O, Holm
SH. Interaction between the porcine
lumbar intervertebral disc, zygapophysi-
al joints, and paraspinal muscles. Spine
(Phila Pa 1976) 1997; 22:2834-2840.
Indahl A, Kaigle A, Reikeras O, Holm S.
Electromyographic response of the por-
cine multifidus musculature after nerve
stimulation. Spine (Phila Pa 1976) 1995;
20:2652-2658.

Bhatia MT, Parikh CJ. Epidural-saline
therapy in lumbosciatic syndrome. ] In-
dian Med Assoc 1966; 47:537-542.

Gupta AK, Mital VK, Azmi RU. Observa-
tions on the management of lumbosci-
atic syndrome (sciatica) by epidural sa-
line injection. ] Indian Med Assoc 1970;

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

54:194-196.

Carette S, Marcoux S, Truchon R, Gron-
din C, Gagnon J, Allard Y, Latulippe M.
A controlled trial of corticosteroid in-
jections into facet joints for chronic low
back pain. N Engl ] Med 1991; 325:1002-
1007.

Ackerman WE 3rd, Zhang JM. Serum
hs-CRP as a useful marker for predict-
ing the efficacy of lumbar epidural ste-
roid injections on pain relief in patients
with lumbar disc herniations. ] Ky Med
Assoc 2006; 104:295-299.

Nygaard OP, Mellgren SI, Osterud B.
The inflammatory properties of con-
tained and noncontained lumbar disc
herniation. Spine (Phila Pa 1976) 1997;
22:2484-2488.

Gu X, Wang S, Yang L, Sung B, Lim G,
Mao J, Zeng Q, Chang Y, Mao ). Time-
dependent effect of epidural steroid on
pain behavior induced by chronic com-
pression of dorsal root ganglion in rats.
Brain Res 2007; 1174:39-46.

Park CH, Lee SH. Investigation of high-
sensitivity C-reactive protein and eryth-
rocyte sedimentation rate in low back
pain patients. Korean ] Pain 2010; 23:147-
150.

Golish SR, Hanna LS, Bowser RP, Mon-
tesano PX, Carragee EJ, Scuderi GJ. Out-
come of lumbar epidural steroid injec-
tion is predicted by assay of a complex
of fibronectin and aggrecan from epi-
dural lavage. Spine (Phila Pa 1976) 2011;
36:1464-1469.

Olmarker K, Byréd G, Cornefjord M,
Nordborg C, Rydevik B. Effects of meth-
ylprednisolone on nucleus pulposus-in-
duced nerve root injury. Spine (Phila Pa
1976) 1994; 19:1803-1808.

Sato C, Sakai A, lkeda Y, Suzuki H, Saka-
moto A. The prolonged analgesic effect
of epidural ropivacaine in a rat model
of neuropathic pain. Anesth Analg 2008;
106:313-320.

Tachihara H, Sekiguchi M, Kikuchi S,
Konno S. Do corticosteroids produce
additional benefit in nerve root infiltra-
tion for lumbar disc herniation? Spine
(Phila Pa 1976) 2008; 33:743-747.
Manchikanti L, Singh V. Corticosteroids.
In: Manchikanti L, Christo P, Trescot
AM, Falco FJE (eds). Foundations of Pain
Medicine and Interventional Pain Man-
agement: A Comprehensive Review. ASIPP
Publishing, Paducah, KY, pp. 589-606,
2011.

Pasqualucci A, Varrassi G, Braschi A,

www.painphysicianjournal.com

E513



Pain Physician: July/August 2012; 15:E497-E514

121.

122,

Peduto VA, Brunelli A, Marinangeli F,
Gori F, Colo F, Paladini A, Mojoli F. Epi-
dural local anesthetic plus corticoste-
roid for the treatment of cervical brachi-
al radicular pain: Single injection versus
continuous infusion. Clin J Pain 2007;
23:551-557-

Byréd G, Otani K, Brisby H, Rydevik B,
Olmarker K. Methylprednisolone reduc-
es the early vascular permeability in-
crease in spinal nerve roots induced by
epidural nucleus pulposus application. ]
Orthop Res 2000; 18:983-987.

Hayashi N, Weinstein JN, Meller ST, Lee
HM, Spratt KF, Gebhart GF. The effect
of epidural injection of betamethasone

123.

124.

or bupivacaine in a rat model of lumbar
radiculopathy. Spine (Phila Pa 1976) 1998;
23:877-885.

Lee HM, Weinstein JN, Meller ST,
Hayashi N, Spratt KF, Gebhart GF. The
role of steroids and their effects on
phospholipase A2. An animal model of
radiculopathy. Spine (Phila Pa 1976) 1998;
23:1191-1196.

Minamide A, Tamaki T, Hashizume H,
Yoshida M, Kawakami M, Hayashi N.
Effects of steroid and lipopolysaccharide
on spontaneous resorption of herniat-
ed intervertebral discs. An experimental
study in the rabbit. Spine (Phila Pa 1976)

125.

126.

127.

1998; 23:870-876.

Mao J, Chen LL. Systemic lidocaine for
neuropathic pain relief. Pain 2000; 87:7-
17.

Pasqualucci A. Experimental and clinical
studies about the preemptive analgesia
with local anesthetics. Possible reasons
of the failure. Minerva Anestesiol 1998;
64:445-457.

Arnér S, Lindblom U, Meyerson BA, Mo-
lander C. Prolonged relief of neuralgia
after regional anesthetic blocks. A call
for further experimental and systemat-
ic clinical studies. Pain 1990; 43:287-297.

E514

www.painphysicianjournal.com



