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Background: Recently, transforaminal balloon adhesiolysis was introduced to manage
patients with chronic radicular pain occurring with or without low back pain. However, the
factors associated with successful responses to transforaminal balloon adhesiolysis are not
known.

Objective: To evaluate the factors associated with successful responses to transforaminal
balloon adhesiolysis for chronic lumbar spinal stenosis.

Study Design: This is a retrospective observational study.
Setting: A single pain clinic of tertiary medical center in Seoul, Republic of Korea.

Methods: From January 2013 to December 2014, a retrospective review of 199 patients
with chronic lumbar foraminal stenosis, who were scheduled for transforaminal balloon
adhesiolysis, was performed. Patients were considered successful responders if they showed
either of the following: 1) a decrease of more than 50% on the numerical rating scale or
2) a decrease of more than 30% on the numerical rating scale and improved functional
status 3 months after transforaminal balloon adhesiolysis. Logistic regression analysis was
performed to determine the factors associated with successful responses to this surgical
procedure.

Results: Three months after the transforaminal balloon adhesiolysis, 49.4% of patients
were considered successful responders. Multivariate logistic regression analysis showed
that factors other than degenerative disc herniation were independently associated with
successful responses 3 months after this surgical procedure (odds ratio = 0.327; 95%
confidence interval = 0.129 - 0.827; P=0.018).

Limitations: The definition of successful response used in this study differed from the
ones used in previous studies; a different definition may have led to different results.
Further, the effects of other factors (ballooning, drugs, and saline washes) could not be
excluded from our study. In addition, the correct method of assessing functional status, the
Oswestry Disability Index, could not be used in this study; hence, the final results may have
been affected.

Conclusion: These results suggest that transforaminal balloon adhesiolysis can
successfully lead to improvement of symptoms in patients with chronic lumbar foraminal
stenosis caused primarily by degenerative disc herniation.

Institutional Review Board (IRB) approval number: 2016-0228

Key words: Balloon, epidural adhesiolysis, chronic pain, radicular pain, lumbar spine,
foraminal stenosis, degenerative disc
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umbar spinal stenosis commonly leads to pain

in the low back and lower extremities, impaired

walking, and other forms of disability in the
elderly. This disease is the most common indication for
lumbar spinal surgery in patients older than 65 years of
age. Although more than 80% of patients have partial
symptomatic relief after surgery for spinal stenosis, 7
to 10 years later, at least one-third of patients develop
low back pain (1). Post lumbar surgery syndrome,
which is recurrent or persistent pain or sciatica after
lumbar surgery, occurs in 10% - 40% of patients (2).
Therefore, non-surgical management, such as exercise,
pharmacotherapy, and epidural steroid injection,
often comprises first-line treatment unless an absolute
indication for surgery is present. Lumbar epidural
steroid injections are effective in managing chronic
low back and lower extremity pain (3,4); however, they
are not always effective for leg pain and neurogenic
intermittent claudication (5,6). Percutaneous epidural
adhesiolysis has been performed in many patients
with chronic spinal stenosis who are unresponsive
to conservative treatments, including epidural
steroid injections (7). Recently, Kim et al found that
transforaminal balloon adhesiolysis led to functional
improvement and significant pain relief in patients
with lumbar foraminal stenosis (4). Several studies
also demonstrated the efficacy of balloon adhesiolysis
in patients with chronic low back and leg pain (8-
10). Although the effectiveness of transforaminal
balloon adhesiolysis has been proven in prior studies,
the factors associated with successful responses to
transforaminal balloon adhesiolysis in patients with
chronic lumbar spinal stenosis are not well known.
To avoid unnecessary cost and inconvenience to the
patient, transforaminal balloon adhesiolysis must be
used only if the patient shows the proper indications
for the treatment. Therefore, in this study, we aimed to
identify the independent factors related to successful
responses to transforaminal balloon adhesiolysis in
patients with chronic lumbar spinal stenosis.

MEeTHODS

Patients

This retrospective study was performed at the
pain clinic in our institution. This study protocol was
approved by our institutional review board (approval
number 2016-0228). We searched our institution’s In-
formation Technology of Service Management (ITSM)
system between January 2014 and December 2015 with

the terms “transforaminal epidural block with bal-
loon,” “chronic low back or leg pain,” and “lumbar spi-
nal stenosis.” Patients were included in the study only
if they met the following conditions: 1) they were at
least 20 years of age; 2) they had chronic unilateral leg
pain with or without low back pain for over 3 months;
3) they were diagnosed with lumbar spinal stenosis
using a lumbar magnetic resonance image (MRI); and
4) symptoms were not relieved, or had not subsided
within only one month with previous transforaminal or
interlaminar epidural steroid injection combined with
exercise, medical treatment, or physiotherapy. We ex-
cluded the patients who had any of the following con-
ditions: 1) acute back or leg pain for less than 3 months;
2) axial low back pain; 3) allergy to local anesthetics,
contrast dye, or steroids; 4) coagulopathy; 5) signs of
progressive neurological deficits or motor weakness;
6) claudication due to vascular causes; 7) pregnancy or
lactation; 8) systemic infection or injection site infec-
tion; 9) malignancy; and 10) an unstable medical or
psychiatric condition.

Procedure: Transforaminal Balloon
Adhesiolysis

All procedures were performed on an outpatient
basis. A fluoroscope was used to visualize the needle
and the catheter during the procedure. Medications or
sedatives were not used prior to the procedure to pre-
vent incidental neural damage and to allow coopera-
tion by the patients during the procedure. The patient
was placed on the table in a prone position with a pillow
under the abdomen to minimize lumbar lordosis. After
sterile preparation for the procedure, skin and soft tis-
sue were anesthetized with 1% lidocaine. A 16-gauge
R-K needle (Epimed International, Gloversville, NY) was
inserted into the target intervertebral foramen associ-
ated with each patient’s symptom. After obtaining a
epidurogram using a contrast medium (Omnipaque,
Nycomed Imaging, Oslo, Norway) prior to balloon inser-
tion, a 3-French Fogarty catheter (Edward Lifescience,
Irvine, CA) was then introduced into the epidural space
of the target intervertebral foramen through the R-K
needle and was advanced into the stenotic area (Fig. 1).
The R-K needle was then partially withdrawn to prevent
tearing the balloon catheter with the sharp edge of the
bevel. The needle tip was held outside the foraminal
inlet. Careful mechanical adhesiolysis was conducted by
repeatedly inflating and deflating the balloon at the
target region, which was at least 5 consecutive points
from the lateral recess to the outlet of the neural fora-
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recess. A) Anteroposterior view; B) Lateral view.

Fig. 1. Fluoroscopic images of transforaminal balloon adhesiolysis at L5. Transforaminal ballooning was performed at the lateral

men. Each duration of balloon inflation was restricted
to 5 seconds and repeated 3 times. The extent of balloon
inflation was adjusted to the degree of pain; if moder-
ate to severe pain was noticed during balloon inflation,
further attempts were not made for safety reasons. The
catheter moved only in the deflated state after adhe-
siolysis. The catheter had been prefilled with a contrast
medium, and when 0.13 mL of the contrast medium was
injected, the maximum diameter of the inflated balloon
was determined within 6 mm. After the transforaminal
balloon adhesiolysis, the Fogarty catheter was carefully
removed. The R-K needle was reinserted to administer
an epidural steroid. After the injection of the contrast
medium, the tip was confirmed to be in the anterior
epidural space, and the epidurogram after balloon ad-
hesiolysis was obtained to estimate the degree of im-
provement of filling defect. Then, 3 mL of a mixture of
1% lidocaine, 5 mg of dexamethasone, and 1500 IU of
hyaluronidase was administered.

Outcome Evaluation and Factors Associated
with Successful Responses

The outcome evaluation was performed at baseline
and at one and 3 months after the procedure. For the

outcome assessment, the numeric rating scale (NRS)
and improvement in physical functional status were
reviewed from each patient’s medical record. Baseline
characteristics such as age, gender, body mass index,
underlying diseases, duration of pain, pain intensity,
presence of spondylolisthesis, and previous operations
were obtained for analysis. Foraminal stenosis grade
and main stenotic pathology were analyzed with lum-
bar MRIs. MRIs was graded for lumbar foraminal ste-
nosis in accordance with the following definitions (11):
1) Grade 0, the absence of foraminal stenosis; 2) Grade
1, mild foraminal stenosis; 3) Grade 2, moderate fo-
raminal stenosis; 4) Grade 3, severe foraminal stenosis.
Lumbar foraminal stenosis can have various causes such
as arthritic changes in the facet joints, disc herniation,
osteophytes, and increased ligament flavum thickness.
Although lumbar foraminal stenosis can be caused by
various components, there were main pathologic com-
ponents obviously (12). Disc herniation was more com-
mon among younger people (13), whereas the rates of
facet osteoarthritis, osteophytes, and ligament flavum
thickness increased with age, a finding that implies
progressive degeneration (14-16). We reviewed the
lumbar MRIs to determine the main stenotic pathology
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of spinal stenosis and divided our findings into 3 groups:
1) disc herniation; 2) causes other than disc herniation
(facet osteoarthritis, osteophytes, and ligament flavum
thickness); and 3) combined (disc herniation and other
causes contributed equally) (Fig. 2). Patients were con-
sidered successful responders if they showed either of
the following: 1) a decrease of > 50% on the numerical
rating scale (NRS), or 2) a decrease of > 30% on the NRS
and improved functional status 3 months after trans-
foraminal balloon adhesiolysis (9,17,18). Amelioration
of walking distance and activities of daily living were
regarded as improvements in physical functional status.

Statistical Analysis

The data were analyzed by using the Statistical
Package for the Social Sciences Version 21.0 (SPSS Inc.,
Chicago, IL). Continuous demographic data from the
non-responders and successful responders were com-
pared by using the Student’s t-test or the Mann-Whit-
ney U-test and were documented as means with stan-
dard deviations or medians with interquartile ranges.
Categorical demographic data were compared using a
chi-square test or a Fisher’s exact test. By using univari-
ate and multivariate regression, the factors associated
with successful responses 3 months after transforaminal
balloon adhesiolysis were analyzed. The most relevant
factors associated with successful responses were in-
cluded in the univariate logistic regression analysis. The
inclusion of variables in the final multivariate logistic

regression analysis to evaluate independent factors
associated with successful responses was based on bio-
logical plausibility, clinical importance, and statistical
considerations. The goodness of fit of the model was
assessed with the Hosmer-Lemeshow test. A value of P
< 0.05 was considered statistically significant.

REesuLTs

As a result of searching ITSM, we found 199 pa-
tients who had been diagnosed with lumbar spinal
stenosis and were scheduled for transforaminal balloon
adhesiolysis. Of these patients, 25 did not appear or
refused scheduled transforaminal balloon adhesiolysis,
84 underwent another procedure, 10 showed failed ad-
hesiolysis because the balloon ruptured or the Fogarty
catheter could not be advanced, and 3 underwent spine
surgery without an epidural block. Finally, 77 patients
who met all the inclusion criteria successfully under-
went transforaminal balloon adhesiolysis. One month
later, 20 patients had minimal reduction of pain or no
improvement in functional status. Therefore, they were
treated with other procedures such as epidural steroid
blocks, percutaneous epidural neuroplasty, or pulsed
radiofrequency ablation. After 3 months, 57 patients
remained. Twenty-eight patients showed decreases on
the NRS that were > 50%. Ten patients presented im-
proved functional status and decreases on the NRS that
were > 30%. Nineteen patients reported decreases that
were < 30% on the NRS (Fig. 3). Therefore, 38 patients

Fig. 2. Representative lumbar magnetic resonance images for different categories of main stenotic pathology of spinal stenosis. A)
Stenosis mainly caused by degenerative disc herniation (arrow); B) Stenosis mainly caused by factors (arrowhead) other than disc
herniation; C) Stenosis caused by a combination of degenerative disc herniation and other factors.
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Enrolled (n=199) Excluded (n=122)

No visit or refuse (n=25)
Other procedure (n= 84)
Failure of balloon (n=10)
Operation (n=3)

Success of balloon (n=77)

After 1 month (n=77)

Dropout (n=20)
Other procedure (n=20)

After 3 month (n=57)

Successful responder B
(n=38) MNon-responder (n=19)
Analyzed (n=38) Analyzed (n=39)
Successful responder Dropout (n=20)
(n=38) Non-responder (n=19)

Fig. 3. Study flow diagram.

Table 1. Patient characteristics.

Non-responder (n = 39) Successful Responder (n = 38) P value

Age (years) 65.3 £ 11.1 57.5+15.5 0.014
Gender (male/female) 22 (56.4%)/17 (43.6%) 19 (50.0%)/19 (50.0%) 0.573
BMI (kg/m?) 239+2.1 245+ 3.5 0.487
DM (no/yes) 39 (100%)/0 (0%) 36 (94.7%)/2 (5.3%) 0.240
Duration of pain (months) 26.0 (10.0 - 45.0) 25.0 (11.8 - 36.0) 0.919
Pain intensity (NRS) 7.0 (6.0 - 8.0) 6.5 (6.0 - 8.0) 0.979
Spondylolisthesis (no/yes) 23 (59.0%)/16 (41.0%) 26 (68.4%)/12 (31.6%) 0.389
Previous operation (no/yes) 35 (89.7%)/4 (10.3%) 34 (89.5%)/4 (10.5%) 1.000
?zﬁgjzfi‘:::e fsevere) 20 (51.3%)/8 (20.5%)/11 (28.2%) 22 (57.9%)/7 (18.4%)/9 (23.7%) 0.840
Main stenotic pathology 0.056
Disc herniation 7 (17.9%) 13 (34.2%)

Other than disc herniation 25 (64.1%) 14 (36.8%)

Combined 7 (17.9%) 11 (28.9%)

Target level (L4/L5/S1) 6(15.4%)/32 (82.1%)/1 (2.6%) 9 (7.4%)/ 28 (73.7%)/1 (2.6%) 0.696

Data are expressed as mean =+ standard deviation (SD), numbers (%), or medians (interquartile range).
BMI = body mass index; DM = diabetes mellitus; NRS = numeric rating scale.
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Table 2. Logistic regression analysis of factors associated with successful response at 3 months afier transforaminal balloon

adhestolysts.
Univariate Multivariate

Parameters OR 95% CI P value OR 95% CI P value
Age 0.956 0.920 - 0.993 0.020 0.965 0.923 - 1.009 0.115
Main stenotic pathology
Disc herniation (reference) 1.000 1.000
Other than disc herniation 0.302 0.098 - 0.932 0.037 0.327 0.129 - 0.827 0.018
Combined 0.846 0.226 - 3.167 0.804 1.343 0.313 - 5.756 0.691

OR = odds ratio; CI = confidence interval

(49.4%) were considered successful responders in this
study. Twenty patients who underwent another proce-
dure after one month and 19 patients who reported
decreases on the NRS that were < 30% were considered
non-responders.

The demographic characteristics of non-responders
and successful responders 3 months after transforami-
nal balloon adhesiolysis are summarized in Table 1. On
average, successful responders were younger than non-
responders. A main stenotic pathology that comprised
primarily disc herniation was more common among
successful responders than among non-responders. Pri-
mary stenotic pathology comprising factors other than
degenerative disc herniation was more common among
non-responders than among successful responders.
These findings had marginal statistical significance (P
= 0.056). No significant differences in other baseline
characteristics were seen between the 2 groups. Uni-
variate logistic regression analysis showed that age
and causes other than degenerative disc herniation
were significantly associated with a successful response
3 months after transforaminal balloon adhesiolysis.
However, after adjusting for demographic differences
for multivariate regression analysis, the association
between age and successful response was no longer
significant. A stenotic pathology primarily comprising
factors other than degenerative disc herniation was
independently associated with successful responses 3
months after transforaminal balloon adhesiolysis (odds
ratio = 0.327; 95% confidence interval = 0.129 - 0.827;
P =0.018) (Table 2).

Discussion

Various studies reported predictive factors (spon-
dylolisthesis, previous lumbar spinal surgery, diabetes,
and foraminal stenosis) that were associated with the
effectiveness of percutaneous epidural adhesiolysis
(9,19,20). However, the factors associated with success-
ful responses to transforaminal balloon adhesiolysis

for chronic lumbar foraminal stenosis have not been
evaluated. Multivariate logistic regression analysis in
the present study showed that an independent factor
associated with successful responses to transforaminal
balloon adhesiolysis was degenerative disc herniation
as a primary component of lumbar foraminal stenosis.
Disc herniation, being the main stenotic cause, seemed
to be the only reliable prognostic factor for transfo-
raminal balloon adhesiolysis in the present study.
Lumbar foraminal stenosis is defined as the nar-
rowing of the outlet of the nerve root caused by a
decrease in the height of an intervertebral disc, facet
arthritis, osteophytes, hypertrophy of the ligamentum
flavum, or herniation of an intervertebral disc (11). A
combination of several factors can cause the stenosis
of neural foramina and the compression of nerve roots.
Subsequently, continuous compression on the nerve
roots and the surrounding venules causes inflammation,
perineural edema, and ischemic injury (21). Degenera-
tive disc herniation also induces perineural inflamma-
tion and ischemia through inflammatory mediators
and mechanical compression. Both spinal stenosis and
disc herniation lead to inflammation, venous outflow
obstruction, perineural fibrosis, and finally, epidural
adhesions (22). Therefore, inflammation and epidural
adhesions may be more intense and occur more often
in cases of lumbar spinal stenosis caused primarily by
degenerative disc herniation than in cases with other
primary causes. Epidural adhesiolysis showed positive
clinical outcomes for the treatment of disc herniation
with epidural adhesion because the injectate was
spread well on the target region (23-27). Recently in-
troduced balloon adhesiolysis can remove perineural
adhesions and reduce mechanical irritation and venous
congestion more effectively than conventional epidural
adhesiolysis (4,9). Moreover, balloon adhesiolysis can
decompress the stenotic area so that the injectates
can reach the target region. These injectate can wash
inflammatory mediators from the stenotic region and
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ameliorate inflammation and inflammatory mediators
by steroid. Therefore, balloon adhesiolysis reduces not
only mechanical irritation but also chemical irritation
caused by intradiscal inflammatory mediators effective-
ly. If lumbar foraminal stenosis caused primarily by disc
herniation is the main cause of inflammation, epidural
adhesion, and fibrosis, then transforaminal balloon
adhesiolysis might be able resolve these conditions ef-
fectively for all the reasons listed previously. Therefore,
we speculated that transforaminal balloon adhesiolysis
could be effective in lumbar foraminal stenosis caused
primarily by disc herniation. Moreover, osteophytes or
the hypertrophy of facet joints may lead to bony nar-
rowing of the foramen inlet that may disturb engage-
ment of the balloon catheter into the foramen. Among
cases of facet hypertrophy, the success rate of accessing
the ventral epidural space was lower with the transfo-
raminal approach than with the modified interlaminar
approach (28). This result suggests that transforaminal
balloon adhesiolysis may be difficult to perform in cases
of bone changes such as facet hypertrophy or osteo-
phyte development. Consequently, transforaminal bal-
loon adhesiolysis might be not effective in patients with
principle stenotic causes other than disc herniation.

Young age seemed to be associated with successful
responses to transforaminal balloon adhesiolysis in uni-
variate regression analysis. However, after adjustment
for main stenotic pathology in multivariate regression
analysis, the association between age and successful re-
sponses could no longer be seen; a stenotic pathology
primarily comprising disc herniation was the only inde-
pendent factor associated with successful responses.
Because lumbar disc herniation is common in young
people (ages 30 — 50 years), young age might seem to
be a predictor of successful responses to the procedure.
Therefore, it is reasonably speculated that for younger
patients, transforaminal balloon adhesiolysis can be
more effective than conventional methods in treating
radicular pain caused by disc herniation.

There were several limitations to this study. First,
the definition of successful response used in this study
slightly differed from the ones used in previous stud-
ies; a different definition may have led to different
results. Second, the response to transforaminal balloon
adhesiolysis seen at 3 months may be attributed to the
combined effect of ballooning, the administration of
various drugs, and flushing with saline. To exclude the
drug effects, we chose the 3-month response as the tar-
get instead of the one-month response. However, the
effects of local anesthetics, steroids, and saline washes
are usually short-lived but can persist for over 3 months
(29,30). Thus, we did not exclude the effects of other
factors on the successful response to transforaminal
balloon adhesiolysis at 3 months. Third, improve-
ments in walking distance and activities of daily living
were considered ameliorations of functional status in
our study. However, our indicators did not correctly
represent physical functional status. The Oswestry
Disability Index (ODI) is better method to measure
physical functioning (31). However, we could not use
the ODI because this was a retrospective study. Fourth,
we evaluated the factors associated with successful re-
sponses to transforaminal balloon adhesiolysis until 3
months after the procedure. We could not search long-
term effect such as 6 months or 12 months. Therefore,
to overcome these limitations in the present study, we
are currently conducting a randomized controlled trial
to evaluate the effect of transforaminal balloon adhe-
siolysis on lumbar foraminal stenosis caused primarily
by disc herniation.

ConcLusion

Transforaminal balloon adhesiolysis can lead
to significant pain relief and improvement in the
physical functional statuses of patients with lumbar fo-
raminal stenosis caused primarily by degenerative disc
herniation.
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