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Abstract

Objectives. This study aimed to investigate the effi-
cacy of the combined balloon decompression with
a balloon-inflatable catheter (ZiNeu) in addition to

conventional epidural adhesiolysis, and to identify
factors that predict patient responses.

Study Design. An institutional single-armed pro-
spective observational study.

Subjects. Chronic refractory lumbar spinal stenosis.

Methods. This study was performed in 61 patients
with spinal stenosis who suffered from chronic (at
least 3 months) lumbar radicular pain with or with-
out lower back pain. Patients had failed to maintain
improvement for more than 1 month with conven-
tional epidural injection. The numeric rating scale
(NRS) and Oswestry disability index (ODI) were
each measured at 1, 3, 6, and 12 months after percu-
taneous epidural adhesiolysis and balloon decom-
pression with a ZiNeu catheter.

Results. The percentage of successful responders
was 72.1%, 60.7%, 57.4%, and 36.1% of patients at 1,
3, 6, and 12 months, respectively. A single com-
bined treatment of percutaneous epidural adhesiol-
ysis and balloon decompression with a ZiNeu
catheter provided sufficient pain relief and func-
tional improvement in patients with chronic refrac-
tory lumbar spinal stenosis, and the improvement
was maintained for 12 months (P < 0.001).
Multivariate logistic regression analysis showed
that absence of diabetes independently predicted
successful response at 12 months after percutan-
eous epidural decompression and adhesiolysis
with the balloon catheter (Odds ratio 5 0.080; 95%
confidence interval 5 0.009–0.676; P 5 0.020).

Conclusions. The combined epidural adhesiolysis
and balloon decompression with a ZiNeu catheter
led to significant pain relief and functional improve-
ment in a subset of patients with refractory spinal
stenosis.

Key Words. Chronic Pain; Lumbar; Radiculopathy;
Low Back Pain; Balloon Decompression
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Introduction

One of the most common causes of chronic lower back
and leg pain in the elderly is lumbar spinal stenosis,
which also leads to impaired walking (neurogenic claudi-
cation) and various forms of functional disability [1,2].
Most lumbar spinal stenosis cases result from degen-
erative changes of the lumbar spine, although this con-
dition can be congenital [2,3].

The initial management of lumbar spinal stenosis gener-
ally involves conservative modalities including simple
epidural injections [4,5]. Recently, in patients who fail to
respond to fluoroscopically directed epidural injections,
percutaneous epidural adhesiolysis rather than surgery
has been recommended [5–7]. This recommendation is
based on epidural adhesions that can be observed in
patients with spinal stenosis and disc herniation, al-
though most cases commonly arise from epidural scar-
ring after surgery [8–10]. Percutaneous epidural
adhesiolysis is commonly performed with a Racz cath-
eter or a more steerable navigation catheter [5,11,12].
However, the approach and correct placement of these
catheters can be difficult in patients with severe adhe-
sions or stenosis, which leads to incomplete resolution
of the adhesions [13]. The long-term effects (i.e., greater
than 6 months) of these treatments are uncertain and
controversial [5]. Furthermore, these pre-existing tech-
niques of percutaneous adhesiolysis cannot sufficiently
relieve the stenotic area [13]. Importantly, no treatment
has yet been developed to relieve stenosis itself using a
nonsurgical method.

Previously, transforaminal balloon procedures have been
shown to result in significant pain relief and functional
improvement in patients with chronic refractory lumbar
foraminal stenosis [14]. Based on this observation, a
novel catheter (ZiNeuVR , JUVENUI, Seoul, Korea;
Figure 1A) with an inflatable balloon attached to the end
of the catheter tip was developed and introduced for
pain physicians [15,16]. It has been suggested that the
ZiNeu catheter might be an effective alternative to per-
cutaneous epidural adhesiolysis when conventional
methods fail to remove adhesions or sufficiently relieve
stenosis [16].

In our current study, we aimed to investigate the effi-
cacy of the combined epidural adhesiolysis and balloon
decompression with a ZiNeu catheter in patients with
refractory lumbar spinal stenosis, and to identify factors
that predict patient responses.

Methods

This prospective observational study was conducted at
the pain management clinics of the Asan Medical
Center in Seoul, Republic of Korea, and Hanyang
University Guri Hospital in Guri-si, Republic of Korea.
Permission to conduct this study was granted by the in-
stitutional review board of Asan Medical Center, and

written informed consent was received from each study
participant (approval number, 2012-0235).

Participants

Between September 2012 and October 2013, chronic
lumbar spinal stenosis patients � 20 years of age with
leg pain intensity� 6 (out of 10) on the numerical rating
scale (NRS) for at least 3 months were examined to as-
certain their eligibility. A thorough history and physical
examination were performed for each patient to rule out
a confounding diagnosis of vascular disease or other
origins. Magnetic resonance imaging (MRI) was obtained
in all patients to confirm the diagnosis of spinal stenosis.
MRI grades of lumbar spinal stenosis were determined
based on previous studies [17,18]. Inclusion criteria
included chronic (at least 3 months) lumbar radicular
pain with or without lower back pain, and a previous
failure of conservative management, such as physiother-
apy, exercise therapy, or analgesic medications.
Epidural injections or percutaneous epidural adhesiolysis
administered� 12 weeks prior to recruitment were per-
mitted because most of the patients visiting our clinic
had a history of epidural injections. All eligible patients
received a conventional diagnostic/therapeutic fluoros-
copy-guided transforaminal or caudal epidural injection
with local anesthetic and steroid administration before
enrollment. Patients who showed no or a minimal pain
reduction response (<50%) for a short duration less
than one month following the epidural block were finally
enrolled.

Exclusion criteria included the following: patient refusal
to participate in the study, aged<20 years, unbearable
pain of 10 points on the NRS, acute pain< 3 months,
signs of progressive neurological deficits or motor weak-
ness, allergies to steroids or contrast dyes, coagulop-
athy, steroid injection within the previous 12 weeks,
uncontrollable or unstable opioid use, pregnancy, lacta-
tion, systemic infection, injection site infection, malig-
nancy, and unstable medical or psychiatric condition.
Patients with lumbar spinal stenosis at� 4 levels or a
history of prior lumbar spine surgery were also
excluded.

Intervention: Percutaneous Epidural Decompression
and Adhesiolysis Using an Inflatable Balloon Catheter

All procedures in this study were performed on an out-
patient basis, and no premedications or sedatives were
used. Fluoroscopic guidance was implemented in all
cases. A single fluoroscopy C-arm system (OEC 9800,
General Electric Healthcare, Little Chalfont, United
Kingdom) was used. Each patient was placed in a
prone position with a pillow under the abdomen to min-
imize lumbar lordosis. After sterile preparation for the
procedure, skin and soft tissue were infiltrated with 1%
lidocaine. A 10 G guide needle, which was specially de-
signed to prevent cutting or skiving of the catheter, was
inserted into the epidural space through the sacral
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hiatus under intermittent fluoroscopy. The epidural
space was identified by injection of �8 mL diluted con-
trast medium (Omnipaque, Nycomed Imaging AS, Oslo,
Norway) under fluoroscopy. The diluted contrast mixture
was composed of about 4 mL of pure contrast medium,
4 mL of 1% lidocaine and 1,500 IU hyaluronidase. Filling
defects were identified by examining the contrast flow. If
intravascular placement of the needle or contrast
occurred, the needle was repositioned.

After appropriate determination of the epidurogram and
target area, a ZiNeu catheter was advanced through
the guide needle to the area of filling defect or the site
of pathology, as determined by MRI or symptomatol-
ogy (Table 1). Gentle mechanical adhesiolysis and de-
compression with the ZiNeu catheter was performed at
appropriate target sites (i.e., the central ventral and
dorsal epidural space, the lateral recess area, and/or
each intervertebral foramen). Epidural decompression
and adhesiolysis was conducted using gentle side-to-
side movement of the catheter with intermittent bal-
looning. The balloon was filled with 0.13 mL contrast
agent using a 1 mL Luer-Lock syringe (BD Medical,
Franklin Lakes, NJ), and each ballooning process was
limited to 5 sec (Figure 1B) [14]. The extent of balloon
inflation was adjusted based on the degree of pain; if
moderate to severe pain was noted during balloon in-
flation, no further attempt was made for safety rea-
sons. The catheter moved only in the deflated state.
After adhesiolysis and decompression, 1 mL of pure
contrast was injected to detect subarachnoid or

intravascular filling and to ensure satisfactory filling of
the previous defects. Then, injections of 2 mL 1% lido-
caine with steroid (5 mg dexamethasone or 20 mg tri-
amcinolone) were performed at each target site. At the
end of the procedure, a Perifix epidural catheter (B.
Braun Melsungen AG, Melsungen, Germany) was kept
at the main target site through the ZiNeu catheter
lumen. At recovery room, a test injection of 2 mL lido-
caine was administered through the Perifix catheter.
After 10 to 15 min monitoring, another 4 mL of 10%
hypertonic saline was injected through the Perifix cath-
eter. The Perifix catheter was kept in place for a two-
day drug injection. The catheter was then removed on
the second day of the procedure after the same drugs
(10% hypertonic saline and steroid) were injected
again. Since the neuraxial (intrathecal or epidural) injec-
tion of triamcinolone acetonide was restricted by the
Korean Ministry of Food and Drug Safety from March
15, 2013, particulate steroids, such as triamcinolone
acetonide, were not used in epidural injections (caudal,
interlaminar, or transforaminal) after January 2013.
However, triamcinolone acetonide was administered to
the study participants until December 2012 because
this study was carried out between September 2012
and October 2013.

Outcome Assessments and Follow-Up

The baseline characteristics of all participants were col-
lected. Outcome assessments were conducted at base-
line, and at 1, 3, 6, and 12 months after the procedure.

Figure 1 Inflatable balloon catheter (A) and a fluoroscopic image of an anteroposterior view of the lumbar spine
during ballooning in percutaneous epidural decompressive adhesiolysis (B). This instrument can be adjusted from
side-to-side and has an inflatable balloon (black arrow-head) attached to the end of the catheter tip. It also has a
channel (black arrow) that allows drugs to be injected or another thin catheter to be kept at the target site for 2- or
3-day treatment regimens. Note that an epiduroscope can be inserted. Balloon filled with contrast dye (0.13 mL).
Note the squeezed balloon shadow at the intervertebral foramen (white arrow), which suggests intervertebral fora-
minal stenosis.
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Prior to the procedure, all participants were instructed in
the use of an 11-point NRS (0¼ no pain, 10¼unbear-
able pain) to assess the intensity of both leg and lower
back pain [19,20], the Korean version 10-item Oswestry
disability index (ODI) questionnaire (range, 0–100; 0¼ no
disability) to assess physical function [21], and the Beck
depression inventory to assess emotional status [20].
The medication quantification scale III (MQS) was also
measured to quantify changes in analgesics [22]. The
global perceived effect (GPE) according to the 7-point
Likert scale was also used to assess patient satisfaction

and improvement [23]. Adverse events during treatment
and follow-up were individually recorded. A multidimen-
sional approach was used to define the study out-
comes. The primary outcome was the number of
successful responders to treatment at each follow-up
period. Successful response was determined based on
previous studies with some modifications [20,24,25].
Successful response was defined as: 1)� 50% (or� 4-
point) reduction from baseline leg NRS and no increase
from baseline ODI and MQS, and�4 points on the GPE
scale; or 2)� 30% (or�2-point) reduction from baseline
NRS with any one of the following criteria: simultan-
eous�30% (or�10-point) reduction in ODI from base-
line, or� 5 points on the GPE scale, or no increase
from the baseline MQS.

Additionally, the NRS, ODI, MQS, and GPE scales of
satisfaction were measured at 1, 3, 6, and 12 months
post-procedure. The reductions in pain intensity, ODI,
and MQS compared with baseline at each follow-up as-
sessment were also determined. If present, complica-
tions during the procedure were reported, and any
adverse events were further evaluated at follow-up
visits.

Patients were advised to continue their previously pre-
scribed analgesic medications. For the first month after
the procedure, patients were instructed not to change
any previously prescribed medications. All patients were
aware of this guideline prior to participating in the study.
The prescribed doses of each analgesic, except for opi-
oids, were increased or decreased based on the rem-
nant pain intensity of a patient at each follow-up visit.
Patients who had alterations in analgesic medication or
who wanted alternative treatments were considered as
treatment failures after that follow-up visit and were
dropped out of the study. Patients who were lost to
follow-up, prescribed an increased dose of opioid, or
treated surgically were also determined to be treatment
failures at that point. Each case of treatment failure was
defined as a non-responder at each subsequent follow-
up visit.

Statistical Analysis

Categorical variables are presented as absolute num-
bers and percentages. Continuous variables are pre-
sented as means with standard deviation (SD), 95%
confidence intervals (CI), or medians with the interquar-
tile range (IQR) if skewed. All observed data were ana-
lyzed on an intent-to-treat basis, regardless of loss to
follow-up or withdrawal from the study. As data loss re-
sulting from drop-out, including treatment failure, were
expected, a linear mixed effect model (LMEM) was used
to analyze continuous variables (NRS, ODI, MQS,
and GPE) at baseline and 1, 3, 6, and 12 months
post-procedure. Changes from baseline at each time
point were compared using the Mann–Whitney U-test.

To assess baseline differences between successful re-
sponders and non-responders at 12 months post-

Table 1 Baseline characteristics of the study

subjects

Parameters N¼61

Age (years) 67.4 6 9.5

Gender (male/ female) 29 (47.5%) / 32 (52.5%)

Body mass index (kg/m2) 24.6 6 3.6

Concurrent disease

Diabetes/hypertension/CV/

OA/osteoporosis

16 (26.2%)/30 (49.2%)/

13 (21.3%)/8 (13.1%)/

4 (6.6%)

Total duration of pain (months) 34.9 6 32.7

Number of previous epidural

injection

5.5 6 3.8

Previous epidural adhesiolysis

(no/yes)

45 (73.8%)/ 16 (26.2%)

Medication quantification scale 4.0 (0.0–7.4)

Opioid use (no/yes) 55 (90.2%)/ 6 (9.8%)

Spondylolisthesis (no/yes) 38 (62.3%)/ 23 (37.7%)

Stenosis grades

Central (mild/moderate/

severe)

0 (0.0)/4 (6.6%)/

10 (16.4%)

Foraminal (mild/moderate/

severe)

19 (31.1%)/20 (32.8%)/

14 (23.0%)

Target level

L4/ L5 2 (3.3%)/ 20 (32.8%)

L4-5/ L5-S1 23 (37.7%)/ 10 (16.4%)

L3-4-5/ L4-5-S1 1 (1.6%)/ 5 (8.2%)

Treatment location

Left /Right 24 (39.3%)/ 11 (18.0%)

Both 14 (23.0%)

Central only 8 (13.1%)

Central with both foramina 2 (3.3%)

Central with unilateral

foramen (Left/Right)

1 (1.6%)/ 1 (1.6%)

Pain intensity (numerical rating

scale)

Leg / Back 7.0 (6.0–8.0)/

6.0 (4.0–8.0)

Oswestry Disability Index (%) 47.1 6 16.1

Beck depression inventory 8.0 (2.0–21.8)

Data are expressed numbers (%), and means 6 standard de-

viation, or medians (interquartile range).

CV¼ cardiovascular disease; OA¼osteoarthritis of knee.
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procedure, continuous variables were compared using
Student’s t-test or the Mann–Whitney U test, as appro-
priate. Categorical data were compared using the chi-
square test or Fisher’s exact test to assess differences
between two groups appropriately. The most relevant
factors associated with a successful response at 12
months after the procedure were included in the univari-
ate logistic regression analysis. The inclusion of variables
into the final multivariate logistic regression analysis to
evaluate independent factors associated with a suc-
cessful response at 12 months post-procedure was
based on biological plausibility, clinical importance, and
statistical considerations (P < 0.10). Analyses were per-
formed using SAS version 9.2 (SAS Institute Inc., Cary,
NC). A two-tailed P value< 0.05 was considered to indi-
cate a statistically significant difference.

Results

A series of 221 patients who had been diagnosed with
lumbar spinal stenosis between September 2012 and
October 2013 were screened for eligibility to participate
in this study. These patients presented with chronic
lumbar radicular pain with or without lower back pain. A
total of 69 patients fulfilled both the inclusion and exclu-
sion criteria. Among the 69 eligible patients, 4 declined
to participate in the study or did not visit again, 2
received another procedure, and 2 patients failed the
diagnostic/therapeutic epidural block. Ultimately, 61 pa-
tients agreed to participate (Figure 2). The baseline pa-
tient demographic characteristics are shown in Table 1.

The percentages of patients who exhibited successful
treatment responses were 72.1%, 60.7%, 57.4%, and
36.1% of the study sample at 1, 3, 6, and 12 months,
respectively (Table 2). The observed numbers of patients
who satisfied the individual parameters of successful re-
sponse at each follow-up visit are shown in Table 3.

The estimated mean changes from baseline in the NRS
of pain and ODI functional status over the 12 months of
follow-up are shown in Table 4 and Figure 3. The results
of these intent-to-treat analyses showed that the pain
intensities of both the lower back and leg were signifi-
cantly improved and maintained following the combined
percutaneous epidural decompression and adhesiolysis
with a ZiNeu catheter during the 12 month follow-up
period. Interestingly, functional capacity based on ODI
continuously improved over the 12 months. However,
quantificational changes in analgesics (MQS) did not
alter significantly during follow-up period (data not
shown). The patient satisfaction score (GPE) was �5 or
more during the 12 months follow-up period (Table 5).

Table 6 shows the comparison of baseline characteris-
tics between the non-responders and successful re-
sponders at 12 months after the combined epidural
decompression and adhesiolysis with a ZiNeu catheter.
The absence of diabetes was higher in the successful
responders than in the non-responders. The median
NRS for lower back pain was greater in the non-

responders than in the successful responders. No other
baseline characteristics that we examined differed be-
tween the two groups. Univariate logistic regression
analysis showed that diabetes and NRS for lower back
pain were factors were significantly associated with a
successful response at 12 months. Multivariate logistic
regression analysis showed that an independent factor
significantly associated with successful response over
the 12 month follow-up period was diabetes (odds
ratio¼ 0.080; P ¼ 0.020; Table 7). In addition, lower
back pain was also independently associated with suc-
cessful response after 12 months of the combined treat-
ment, although it showed a marginal significance (odds
ratio¼ 0.799; P ¼ 0.051; Table 7).

No serious adverse events were noted in any study par-
ticipant, and all adverse events that presented through-
out the entire study period were minor and temporary.
No additional medications or treatments were required.
Several patients reported temporary pain during needle
insertion and paresthesia during balloon procedure,
which was tolerable and did not require additional medi-
cations or discontinuation of the procedure. Several
patients complained of 2–3 days of remaining pain in
the post-procedural period; however, transient pain ag-
gravation was mostly insignificant and relieved spontan-
eously without any neurological sequelae in any case.
No other complications or adverse events, such as dural
puncture, intravenous injection, persistent motor or sen-
sory impairment, severe pain or paresthesia, or infec-
tion, were reported.

Discussion

Currently, percutaneous epidural adhesiolysis is fre-
quently performed using a shearing-resistant catheter
(the Racz-type catheter) or a more steerable navigation
catheter (e.g., NaviCath, Myelotec, Roswell, GA) in re-
fractory patients [5–7], although it remains unclear
whether it actually relieves adhesions. Recently, experi-
mental biomechanical evaluations of percutaneous epi-
dural adhesiolysis showed that when performed with a
Racz-type catheter, this procedure might be suitable for
the targeted application of highly concentrated epidural
medications and could have a lavage effect in reducing
local inflammatory substances; however, it does not
exert true mechanical lysis of adhesions [13]. A
NaviCath-type catheter, which was developed in order
to directly separate the adhered region around a nerve,
has been reported to be clinically effective in treating
chronic lower back pain that is unresponsive to transfor-
aminal epidural injection [26,27]. However, this proced-
ure has some limitations in patients with a severe
degree of adhesion or spinal stenosis because of the
difficulty in approaching and placing the catheter at the
target area [27]. In addition, although epiduroscopic
adhesiolysis also has shown effectiveness in treating
post-lumbar surgery syndrome patients who failed to
other modalities [6], it has not been widely accepted
and has limited applicability as a treatment because of
safety concerns, high cost, and technical issues related
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to visualization equipment, focal length, and difficulty in
identifying structures [6,28]. Specifically, epiduroscopic
adhesiolysis cannot be applied to foraminal stenosis,
nor can it directly relieve stenosis. The present pro-
spective observational study showed the combined
treatment with a ZiNeu catheter for epidural adhesiolysis
and decompression provided sufficient pain relief in pa-
tients with chronic refractory lumbar spinal stenosis, and
that pain improvement was maintained for 12 months.
Interestingly, these patients also experienced significant
functional improvements over the 12 months after bal-
loon decompressive adhesiolysis, especially in ODI.
Therefore, we suggest that this combined balloon de-
compression method with adhesiolysis can be a useful

alternative to overcoming the limitations of the afore-
mentioned pre-existing procedures.

Several potential explanations exist for the effective
pain relief and functional improvement observed after
the combined balloon decompression and adhesiolysis.
First, distension of the epidural space by intermittent
ballooning can lead to more effective mechanical de-
tachment of a perineural adhesion, which could play a
role in long-lasting symptom relief and functional im-
provement. At least partial restoration of nerve root
mobility interfered by adhesion could contribute to
long-term symptom relief, exceeding the intrinsic ef-
fective duration of epidural injections [14,16]. Second,

Figure 2 Study flow
diagram.
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the combined balloon decompression in addition to
conventional adhesiolysis may increase the marginal
space of the stenotic area. The combined mechanical
balloon decompression and adhesiolysis of the stenotic
lesions can lead to reduced venous congestion or sta-
sis, which has been suggested to be the essential fac-
tor that precipitates circulatory disturbance and
induces neurogenic claudication [8,29]. Functional im-
provements over time after this combined treatment
might contribute to maintenance of the reduced state
of pain intensity. A previous randomized controlled
study found that transforaminal balloon procedures
showed better improvement in claudication distance,
as well as ODI, compared with a sham procedure [14].
The ZiNeu catheter described herein can also be
manipulated both vertically and side-to-side by phys-
icians. This maneuverability allows physicians to more
effectively perform mechanical adhesiolysis and to
more easily place the catheter at the target lesion,
including at the lateral recess, intervertebral foramen,
and possibly the extraforaminal space. Third, more effi-
cient delivery of epidural injections to target region(s)
can be achieved by additional balloon dilatation during
epidural adhesiolysis. Surprisingly, the thin epidural

Table 2 Proportions of successful responders

among patients who were treated using the

combined decompression and adhesiolysis with

an inflatable balloon catheter

Parameters

Follow-up

(Months)

Number (%),

N¼61

Successful

responder

1 44 (72.1%)

3 37 (60.7%)

6 35 (57.4%)

12 22 (36.1%)

Successful response was defined as: 1)�50% (or�4-point)

reduction from baseline leg NRS; and no increase from base-

line ODI and MQS; and�4 points on the GPE scale or

2)�30% (or�2-point) reduction from baseline NRS with any

one of the following criteria; simultaneous�30% (or�10-

point) reduction in ODI from baseline; or�5 points on the

GPE scale; or no increase from the baseline MQS.

Data are expressed numbers (%).

Table 3 Observed number of patients who

satisfied the individual parameters of successful

response at each follow-up visit

Parameters

Follow-up

(Months)

Number (%),

N¼61

�50% (or�4-point)

reduction in NRS

1 29 (47.5%)

3 23 (37.7%)

6 24 (39.3%)

12 19 (31.1%)

�30% (or�2-point)

reduction in NRS

1 43 (70.5%)

3 37 (60.7%)

6 34 (55.7%)

12 23 (37.7%)

�30% (or�10-point)

reduction in ODI

1 31 (50.8%)

3 33 (54.1%)

6 29 (47.5%)

12 21 (34.4%)

No change or

reduction in MQS

1 43 (70.5%)

3 39 (63.9%)

6 32 (52.5%)

12 20 (32.8%)

No change or

reduction in opioid

use

1 52 (85.2%)

3 44 (72.1%)

6 36 (59.0%)

12 24 (39.3%)

�5 points in GPES 1 40 (65.6%)

3 37 (60.7%)

6 33 (54.1%)

12 22 (36.1%)

NRS, numerical rating scale; ODI, Oswestry disability index;

MQS, medication quantification scale; and GPES, global per-

ceived effect of satisfaction.

Data are expressed as numbers (%).

Table 4 Changes in the mean pain score and

physical function in patients who were treated

using the combined decompression and

adhesiolysis with an inflatable balloon catheter

Variables*

Time

(Month) Values (95% CI)

P value

compared

with baseline†

Back pain Baseline 5.23 (4.56–5.90)

1 3.47 (2.86–4.08) < 0.0001

3 3.52 (2.91–4.14) < 0.0001

6 3.47 (2.81–4.13) < 0.0001

12 3.57 (2.71–4.43) 0.0002

Leg pain Baseline 6.82 (6.39–7.27)

1 4.01 (3.45–4.58) < 0.0001

3 4.26 (3.64–4.87) < 0.0001

6 3.98 (3.30–4.66) < 0.0001

12 4.03 (3.15–4.91) < 0.0001

ODI Baseline 47.10 (42.95–51.24)

1 30.34 (25.97–34.71) < 0.0001

3 30.73 (25.87–35.59) < 0.0001

6 27.98 (22.32–33.65) < 0.0001

12 21.60 (16.97–26.23) < 0.0001

Numerical rating scale was used to assess the intensity of

both lower back and leg pain. Oswestry disability index (ODI)

was used to assess physical function. CI¼ confidence

interval.

*Outcome variables measured after decompression and adhe-

siolysis with an inflatable balloon catheter in comparison with

baseline values.
†A linear mixed model was used in the statistical analysis.

Omnibus P of back pain, leg pain, and ODI were<0.0001.
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catheter can be kept at the target site to enable drug
injections over several days. Therefore, further improve-
ments in the effects of the drug at the target lesion site
might be possible and could more effectively remove
or relieve severe degrees of adhesion [7,16,30].

Additionally, an epiduroscope could be applied to this
catheter using two side ports, although this was not
used in the present study. Lastly, to further demon-
strate changes in the intervertebral foramen after bal-
loon treatment, three-dimensional reconstructed
images of the epidural space, identified by retained
contrast medium within the tissue, were obtained using
volume rendering (Figure 4). After the complete fora-
minal balloon treatment session, the epidural space
that was filled with contrast medium had visually
increased. This finding suggested the therapeutic
mechanism of the balloon procedure, and provided
evidence of successful epidural decompression.
Indeed, similar findings were observed in a previous re-
port that the transforaminal balloon treatment
increased the epidural space in the region of the inter-
vertebral foramen by 28.0%, and the average of the
lumbar foraminal canal volume by �98% [14]. Taken
together, it can be postulated that the combined bal-
loon decompression in addition to conventional epi-
dural adhesiolysis can induce expansion of the
marginal space around the nerve and may resolve ven-
ous congestion, to improve claudication and functional
capacity, yielding long-term pain relief to patients with
chronic refractory lumbar spinal stenosis. However, we
cannot rule out the possibility of other components
(e.g., saline flushing, or administration of drugs) of this
combined treatment providing therapeutic effect due to
the observational nature of our study.

Previously, the prognostic factors associated with the
effectiveness of percutaneous epidural adhesiolysis
were spondylolisthesis, prior lumbar spinal surgery, and
foraminal stenosis [27,31]. Multivariate logistic regression
analysis in the present study showed that an independ-
ent factor that was significantly associated with suc-
cessful response over 12 months in patients with
chronic lumbar spinal stenosis was diabetes. It is known
that the prevalence of spinal stenosis is higher in pa-
tients with diabetic neuropathy than in the general
population (between 1.7% and 8%) [32]. Moreover, the

Figure 3 Numerical rating scale (NRS) of back (A) and
leg (B) pain, and Oswestry disability index (ODI; C) at
baseline (0), 1, 3, 6, and 12 months after the combined
epidural decompression and adhesiolysis with a bal-
loon-inflatable catheter. *** P< 0.001 vs. baseline. The
data are presented as estimated mean 6 95% confi-
dence interval.

Table 5 Changes in the global perceived effect

of satisfaction in patients who were treated using

the combined decompression and adhesiolysis

with an inflatable balloon catheter

Time (Month) GPES (95% CI)*

1 5.10 (4.68–5.52)

3 4.94 (4.49–5.38)

6 5.17 (4.69–5.64)

12 5.18 (4.67–5.68)

GPES was measured after decompression and adhesiolysis

with an inflatable balloon catheter.

*Mean values were calculated using a linear mixed model.

GPES¼global perceived effect of satisfaction;

CI¼ confidence interval.
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prevalence of spinal stenosis is much higher in diabetic
patients with moderate to severe pain than in diabetic
patients with little or no pain [33]. Therefore, the dia-
betic patients in this study might have had neuropathic
components, although this was not examined.
Additionally, co-existing lower back pain might be also
independently associated with successful response after

12 months of the combined treatment. It showed a
marginal significance (P¼ 0.051) probably due to the
small sample size of the present study.

This study has several potential limitations. First, the def-
inition of successful response can be criticized, as differ-
ent results might have been obtained if the definition had

Table 6 Characteristics of the non-responders and the successful responders at 12 months after the

combined decompression and adhesiolysis with an inflatable balloon catheter

Non-responder (n¼ 39) Successful responder (n¼ 22) P value

Age (years) 70.0 (64.0–74.0) 65.0 (57.8–73.0) 0.062

Gender (male/female) 17 (43.6%)/ 22 (56.4%) 12 (54.5%)/ 10 (45.5%) 0.289

BMI (kg/m2) 24.8 6 3.8 24.2 6 3.5 0.552

Diabetes (no/yes) 24 (61.5%)/ 15 (38.5%) 21 (95.5%)/ 1 (4.5%) 0.005

Duration of pain (months) 36.0 (13.0–56.0) 17.0 (7.8–36.0) 0.119

Previous epidural injections (no) 5.0 (3.0–9.0) 4.0 (2.0–6.5) 0.085

Previous adhesiolysis (no/yes) 28 (71.8%)/ 11 (28.2%) 17 (77.3%)/ 5 (22.7%) 0.766

MQS 4.0 (0.0–7.4) 5.9 (0.0–7.5) 0.622

Opioid use (no/yes) 34 (87.2%)/ 5 (12.8%) 21 (95.5%)/ 1 (4.5%) 0.287

Spondylolisthesis (no/yes) 21 (53.8%)/ 18 (46.2%) 17 (77.3%)/ 5 (22.7%) 0.060

Stenosis grades

Central (mild/moderate/severe) 0 (0%)/ 2 (5.1%)/ 6 (15.4%) 0 (0%)/ 2 (9.1%)/ 4 (18.2%) 0.628

Foraminal (mild/moderate/severe) 9 (27.3%)/ 13 (39.4%)/

11 (33.3%)

10 (45.5%)/ 7 (31.8%)/

3 (13.6%)

0.262

Target level (1/2 or more) 16 (41.0%)/ 23 (59.0%) 6 (27.3%)/ 16 (72.7%) 0.214

Pain intensity (NRS)

Leg pain 7.0 (6.0–8.0) 6.5 (6.0–8.0) 0.769

Back pain 6.0 (4.0–8.0) 4.5 (2.0–6.0) 0.023

ODI (%) 45.5 6 16.8 49.9 6 14.7 0.306

BDI 15.2 6 13.8 7.7 6 9.4 0.257

Data are expressed as numbers (%), means 6 standard deviation, or medians (interquartile range).

BMI¼body mass index; MQS¼medication quantification scale; NRS¼numerical rating scale; ODI¼Oswestry disability index;

BDI¼Beck depression inventory.

Table 7 Logistic regression analysis of factors that are associated with successful respondse at 12

months after the combined decompression and adhesiolysis with an inflatable balloon catheter

Univariate analysis Multivariate analysis

Variables Coefficient OR 95% CI P value Coefficient OR 95% CI P value

Age (years) �0.054 0.948 0.895–1.004 0.068

Diabetes

No (ref.) 1.000

Yes �2.575 0.076 0.009–0.627 0.017 �2.529 0.080 0.009–0.676 0.020

Number of previous

epidural injections

�0.142 0.868 0.736–1.023 0.092

Spondylolisthesis

No (ref.) 1.000

Yes �1.070 0.343 0.106–1.116 0.075

NRS of back �0.236 0.790 0.639–0.976 0.029 �0.225 0.799 0.637–1.001 0.051

NRS¼numerical rating scale; OR¼odds ratio; CI¼ confidence interval.
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been changed. Therefore, the definition of successful re-
sponse was established according to previous studies
and recommendations [20,24,34]. We carefully selected
response criteria to reflect treatment success as either
substantial or clinically meaningful pain relief (minimal im-
portant changes) combined with patient-reported out-
comes, including ODI, treatment satisfaction, and use of
analgesic medications [19,35]. Second, follow-up loss or
withdrawal from the study was considered as treatment
failure and �50% of the study sample had dropped out
of the study by the 12 month follow-up visit. Therefore,
we used the LMEM for analysis. Compared with analysis
of variance, LMEM is known to be more flexible for
accommodating longitudinal data features, and can more
efficiently achieve greater power in datasets with missing
data [36,37]. Third, stenotic lesions (i.e., foraminal or cen-
tral stenosis) were not discriminated because of the small
study sample, relatively preliminary nature of the study
design, and the absence of a control group. Randomized
controlled trials with larger sample sizes to assess the ef-
fects of this treatment modality will be needed in which
careful and proper selection criteria are applied. Finally,
the present combined intervention was complex treat-
ment consisted of several components, such as balloon-
ing, administrations of various drugs, and flushing with
saline. Therefore, we did not rule out the possibility of
other components of this combined treatment providing
essential therapeutic effect.

Conclusions

In conclusion, the combined treatment with balloon de-
compression and conventional epidural adhesiolysis
with a ZiNeu catheter can lead to significant pain relief
and functional improvement up to at least 12 months in
patients with chronic refractory spinal stenosis, and

could be a useful alternative to overcoming the limita-
tions of a pre-existing adhesiolysis procedure. Diabetes
and co-existing lower back pain might be independently
associated with a successful response 12 months after
this procedure.
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