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Percutaneous epidural balloon neuroplasty (PEBN) can be used to perform balloon decom-
pression combined with percutaneous epidural neuroplasty (PEN), leading to significant
pain relief and functional improvement in patients with lumbar spinal stenosis. Several
studies have demonstrated the effectiveness of PEBN and supported its relatively long-term
outcomes (at least 6 months, sustained for up to 12 months). Balloon neuroplasty appears
to be superior to conventional PEN. Moreover, it has been shown to be effective in patients
unresponsive to conventional PEN or in those with post lumbar surgery syndrome. In addi-
tion, balloon neuroplasty achieved successful outcomes regardless of the approach used,
such as retrodiscal, transforaminal, contralateral interlaminar, or caudal. Chronic lumbar ra-
dicular pain without back pain, neurogenic claudication, and minimal neuropathic compo-
nent were favorable predictors of successful PEBN from a symptomatic perspective. A short
duration of pain after lumbar surgery, lumbar foraminal stenosis caused primarily by degen-
erative disc, mild foraminal stenosis, and perineural adhesion by degenerative discs were
associated with successful outcomes of PEBN from pathological aspects. Ballooning = 50%
of the target sites and complete contrast dispersion after ballooning seemed to be crucial
for successful outcomes from a technical perspective. In addition, PEBN was effective re-
gardless of the accompanying redundant nerve roots or a mild degree of spondylolisthesis.
Studies on balloon neuroplasty have reported occasional minor and self-limiting complica-
tions; however, no PEBN-related significant complications have been reported. Given the
present evidence, balloon neuroplasty appears to be a safe and effective procedure with
minimal complications for the treatment of lumbar spinal stenosis.
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ablation of inflamed and innervated membranes [3,4] and

INTRODUCTION
alleviation of perineural inflammation and edema, thereby
Percutaneous epidural neuroplasty (PEN) involves lysis of reducing axial back pain or radiculopathy [5]. Several stud-

epidural adhesions using a solution injection, such as hy- ies have shown that PEN is an effective treatment for chronic

SdSH

pertonic saline or hyaluronidase and/or by mechanical
means, with a specially designed catheter or epiduroscope
[1]. It can lyse friable epidural adhesions using a combina-
tion of hydrostatic and mechanical forces [2], resulting in

low back and/or lower extremity pain that does not respond
to conservative treatment, including epidural injections
[1,6,7]. Since the development of a specialized epidural
catheter by Dr. Racz (Racz catheter; Fig. 1A) for percutane-
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ous epidural adhesiolysis in the early 1980s [8,9], various
epidural catheters for epidural adhesiolysis have been de-
veloped, such as a nerve stimulating catheter (EpiStim®
Catheter, Sewoon Medical Co. Ltd., Korea; Fig. 1B) [10], a
more steerable navigation catheter (NaviCath®, Myelotec,
USA; Fig. 1C) [11], or a Zigzag-motion Inflatable Neuroplasty
(ZiNeu®) catheter (JUVENUI, Korea; Fig. 1D) [12]. More in-
vasively, lysis of adhesion can be performed by epidurosco-
py with direct visualization of the pathology [5]. The effec-
tiveness of PEN for the treatment of chronic refractory symp-
toms in degenerative spinal diseases is relatively well-estab-
lished [1,6,13]. However, the long-term effects (i.e., over six
months) of conventional PEN using Racz catheter, NaviCath,
and EpiStim are uncertain and unclear [14]. In other words,
the treatment effectiveness of PEN is sometimes limited in
some cases of chronic refractory pain.

Among the epidural catheters for epidural adhesiolysis, a
balloon-inflatable epidural catheter enables the most ad-
vanced procedure. Briefly, percutaneous epidural balloon
neuroplasty (PEBN) is a combination of balloon decompres-
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sion (mechanical detachment of a perineural adhesion us-
ing a balloon) and conventional PEN [12,15]. Based on a
randomized study of transforaminal balloon decompression
using the Fogarty catheter, which is designed for angioplas-
ty, in patients with refractory lumbar foraminal stenosis
[16,17], a balloon-inflatable catheter was developed for bal-
loon neuroplasty [12]. It can perform a unique balloon de-
compression procedure in addition to conventional epidural
adhesiolysis, yielding significant pain relief and functional
improvement in patients with chronic lumbar radicular
and/or low back pain [12,15]. Notably, these improvements
were sustained up to 12 months after the procedure in a
meaningful proportion of patients with chronic lumbar ra-
dicular/back pain [15,18]. Moreover, PEBN was effective in
patients with chronic lumbar radicular and/or low back pain
who were unresponsive to conventional PEN [19].

Despite several studies on balloon neuroplasty providing
evidence of treatment for chronic lower extremity and/or
low back pain, several questions remain unanswered re-
garding potential responders, spine pathophysiology suit-

— @ D

Fig. 1. Various epidural catheters for percutaneous epidural neuroplasty. (A) Racz catheter, (B) EpiStim® catheter, (C) NaviCath®, (D) ZiNeu®

catheter.
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able for the procedure, and safety of balloon neuroplasty.
Although the technical details of PEBN, which are different
from those of PEN, are another important issue to deal with,
we will not discuss them here. Thus, this narrative review of
the current evidence aimed to answer the unsolved ques-
tions regarding PEBN.

EVIDENCE OF THE EFFECTIVENESS OF

BALLOON NEUROPLASTY IN PATIENTS

WITH CHRONIC LUMBAR RADICULAR
AND/OR BACK PAIN

Epidural adhesiolysis with a balloon catheter to treat failed
back surgery syndrome was first reported in 2004 by Song
and Lim [20]. They reported that, among the various existing
catheters that can inflate the balloon, the Fogarty catheter
was only useful for removing epidural adhesions. Since the
first randomized controlled trial of transforaminal balloon
neuroplasty in patients with chronic lumbar foraminal ste-
nosis was performed [17], several prospective and retrospec-
tive studies have been conducted to assess the effect of bal-
loon neuroplasty in patients with chronic lumbar radicular
pain and/or back pain (Tables 1, 2). Kim et al. [17] demon-
strated that transforaminal balloon decompression using the
Fogarty catheter leads to significant pain relief, improvement
of functional status, and longer claudication distance for 3
months compared with sham in a double-blind, random-
ized, active controlled trial. In 2016, Choi et al. [15] showed
that PEBN using the ZiNeu catheter was effective in chronic
refractory spinal stenosis; successful responders who
showed substantial pain relief (> 50% reduction from base-
line) or moderate pain relief (> 30% reduction from base-
line) with functional improvement from baseline were 72,
61, 57, and 36% of the patients at 1, 3, 6, and 12 months, re-
spectively. The estimated mean pain intensity of leg and
back pain in the 11-point numerical rating scale (NRS) was
decreased from baseline 5.2 and 6.8 to 3.6 and 4.0 at 12
months after PEBN, respectively. Similar changes were ob-
served in the Oswestry disability index evaluating functional
status over 12 months after the procedure (from 47.1 to 21.6).

This multicenter, single-arm, prospective observational
study demonstrated that pain relief and functional improve-
ment after PEBN might persist for up to 12 months in chron-
ic refractory spinal stenosis, although considerable fol-
low-up loss is a major limitation [15]. Patients who partici-
pated in these two studies presented levels 1-2 (e.g., L4-5
central, unilateral L5 foraminal, or L4-5 central with unilat-
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eral L5 foraminal) of lumbar spinal stenosis. In actual clini-
cal practice, many patients have spinal stenosis of level 3
(e.g., L4-5 and 15-S1 central with both L5 foramina) or high-
er. In other words, balloon neuroplasty has many potential
target sites. Therefore, a multicenter observational study was
conducted to evaluate the effectiveness of PEBN in re-
al-world clinical settings [21]. This multicenter prospective
observational study showed that PEBN led to significant
pain relief and functional improvement lasting at least 6
months in patients with chronic refractory spinal stenosis,
with successful responders (similar to the above definition)
of 66, 63, and 51% of the patients at 1, 3, and 6 months in the
above 85% balloon success rate group, respectively. Different
departments (anesthesiology, orthopedics, and neurosur-
gery) of five hospitals were included in this multicenter
study with a relatively large cohort (n = 275) and the same
protocol, thereby strengthening the robustness of the results.
Importantly, this multicenter study suggested that a more
successful balloon adhesiolysis for multiple target lesions
may result in a better clinical outcome at least 6 months af-
ter treatment [21].

A question may arise as to whether there is a difference in
the effectiveness of conventional PEN and PEBN. Interest-
ingly, in 2018, a retrospective study revealed that PEBN was
also effective for 6 months after the procedure in patients
with intractable lumbar spinal stenosis who were unrespon-
sive to conventional PEN [19]. A randomized controlled
study can provide a clearer explanation for the difference in
the effectiveness of conventional PEN and PEBN. Karm et al.
[22] evaluated whether balloon neuroplasty could be more
effective than conventional PEN for refractory central lum-
bar spinal stenosis. This randomized controlled trial com-
paring balloon neuroplasty with ZiNeu catheter and con-
ventional PEN using the Racz catheter reported that suc-
cessful responders were significantly higher in balloon neu-
roplasty than in conventional PEN (58% vs. 25%, P = 0.035)
at 6 months after the procedure. However, the small number
of participants (n = 44) limits the generalizability of this
study. Because epidural adhesion typically occurs after spi-
nal surgery, one may be curious about the effect of balloon
neuroplasty in patients with post lumbar surgery syndrome.
Moreover, PEBN was relatively effective in patients with post
lumbar surgery syndrome; successful responders (similar to
the above definition) after balloon neuroplasty were 32, 25,
and 22% of the patients at 1, 3, and 6 months, respectively
[23].

Various studies have been performed from the perspective
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of the target lesion and methodology for balloon neuroplas-
ty. In a case series of 22 patients with chronic lumbar radicu-
lar pain, retrodiscal balloon adhesiolysis through Kambin’s
triangle reduced radicular pain for at least 3 months (from
baseline mean NRS 7.1 £ 1.4 to 3.8 * 2.1) [24]. A small ran-
domized controlled trial in patients with chronic L5 radicu-
lopathy focused on whether the approach methods for
transforaminal balloon neuroplasty (Safe triangle vs. Kam-
bin’s triangle) could affect the clinical outcome; there were
no significant differences in pain, functional capacity, and
the success rate up to 3 months between the two approaches
[25]. However, these studies had small sample sizes, which
may have weakened the power of their study. Another small
case series (n = 22) also showed that balloon neuroplasty
was successfully achieved via the contralateral interlaminar
approach, leading to significant pain reduction in 59% of pa-
tients at post-procedural 6 months [26].

FACTORS ASSOCIATED WITH
FAVORABLE OUTCOMES AFTER
BALLOON NEUROPLASTY

The factors associated with outcomes after balloon neuro-
plasty can be classified into symptomatic, pathological, and
procedural aspects, as summarized in Table 3. A previous
study found that age > 81 years and baseline 11-point nu-
merical rating scale score < 9 were associated with positive
outcomes after conventional PEN [27]. However, chronic ra-
dicular pain without lower back pain, neurogenic intermit-
tent claudication, and minimal neuropathic components
(e.g., diabetic neuropathy) were predictive factors for favor-

able outcomes after balloon neuroplasty from symptomatic
aspects [15,17,19,22]. A multicenter, single-arm, prospective
observational study revealed that diabetes and low back
pain coexisting with radicular pain were independently as-
sociated with negative outcomes after PEBN (odds ratio [OR]
= 0.080 and 0.799, respectively) [15]. In post lumbar surgery
syndrome, a short duration of pain (< 14 months) after lam-
inectomy may be associated with a favorable outcome after
balloon neuroplasty [23].

It is well known that lumbar spinal stenosis is caused by a
combination of spinal pathologies such as decrease in the
height of an intervertebral disc, thickened ligamentum fla-
vum, facet arthritis or hypertrophy, and osteophytes [28]. In-
formation on which component among these pathologies is
related to the effectiveness of the procedure would help con-
siderably in selecting a candidate for the procedure. In
transforaminal balloon neuroplasty, factors causing stenosis
other than degenerative disc herniation may be associated
with poor responses 3 months after balloon neuroplasty (OR
= 0.327, P = 0.018) [29]. It has been reported that chronic
low back and/or leg pain in patients with lumbar spinal ste-
nosis caused by herniated intervertebral discs can be suc-
cessfully decreased by retrodiscal balloon adhesiolysis
through Kambin’s triangle [24]. These results suggest that
perineural adhesion by degenerative discs can be success-
fully treated using balloon neuroplasty. Furthermore, a large
multicenter prospective observational study revealed that
mild (to moderate) foraminal stenosis was an independent
factor associated with a successful response (OR = 2.829, P
= 0.006) after PEBN [30]. Interventional pain physicians may
also wonder if other spinal pathologies co-exist with lumbar

Table 3. Associated Factors with Favorable Outcomes after Balloon Neuroplasty

Related symptoms

- Chronic radicular pain without or less lower back pain

- Neurogenic intermittent claudication

- Minimal neuropathic component (e.g., diabetic neuropathy)

- Less than 14 months of pain duration in post-lumbar surgery syndrome

Pathological aspects*

- Lumbar foraminal stenosis mainly caused by degenerative disc
- Mild (to moderate) degree of lumbar foraminal stenosis

- Perineural adhesion by degenerative disc (e.g., herniated disc)
Procedural aspects

- Accurate balloon procedure at the target lesion site (regardless of the approach)
- Ballooning more than 50% target sites, if multiple target lesions to be ballooned
- Complete contrast dye spread after ballooning (resolution of filling defect)

*Concomitant pathology with lumbar spinal stenosis, such as redundant nerve roots or spondylolisthesis, may not affect the clinical

outcomes of balloon neuroplasty.
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spinal stenosis, such as redundant nerve roots and spondy-
lolisthesis, which may affect the effectiveness of PEBN. A re-
cent large longitudinal cohort study of more than 1,000 pa-
tients demonstrated that PEBN alleviated pain intensity and
improved functional capacity for 6 months in patients with
chronic lumbar spinal stenosis, regardless of the accompa-
nying redundant nerve roots or mild degree of spondylolis-
thesis (P < 0.001) [31,32].

In previous studies on conventional PEN, there was no as-
sociation between technical factors and clinical outcomes
[11,27]. Two prospective observational studies of PEBN
showed that ballooning more than 50% of target sites and
complete contrast medium dispersion after ballooning
could be of crucial importance for successful outcomes
[18,21]. These results indicated that correct placement of the
balloon-inflatable catheter at the target lesion and skillful
manipulation of the instrument might be encouraged for
achieving favorable outcomes. In addition, regardless of ap-
proaching methods, such as retrodiscal [24,25], transforam-
inal [17], contralateral [26], or caudal [15,19,21,22], the pa-
tient's symptoms seem to improve for at least 3-6 months if
PEBN is performed on the exact target site(s).

COMPLICATIONS

In the literature, the most common complication of con-
ventional PEN was intravascular injection (11.6%) among
minor complications [33]. Bent needle tip, intrathecal place-
ment of the catheter, transient nerve irritation, dural punc-
ture, torn catheter during withdrawal, and post-dural punc-
ture headache were reported at 4.8, 4.4, 1.9, 1.8, 1.2, and
0.12%, respectively [33-35]. Profuse bleeding, epidural he-
matoma, meningitis, and epidural abscess among major
complications were rare but occurred at 1.0, 0.1, 0.5, and
1.2%, respectively [33,35,36]. In balloon neuroplasty, the
most common complication was transient pain aggravation
[15,17,19], which was mainly insignificant and relieved
spontaneously without any neurological sequelae. However,
the patients may be uncomfortable and complain of tran-
sient pain aggravation for several postprocedural days up to
weeks. In our experience, this transient pain can be reduced
to some degree by appropriate opioid administration and
light epidural anesthesia during the procedure. Dural punc-
ture is an important procedural complication, because once
the damage of dura mater is suspected, subsequent proce-
dures must be stopped to prevent further complications.

Two large multicenter prospective observational studies re-
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ported detailed complications after PEBN [21,30]. Dural
puncture (3.3-3.9%) was the most common, followed by disc
injection (2.2%). Subdural injection was observed at 1.8-
1.9%. Incidence of intravascular injection (1.4-1.5%) was
relatively low compared with conventional PEN. Hypoten-
sion was also observed at 1.5-1.9%. In patients with post
lumbar surgery syndrome, the incidence of dural puncture
(8.8%) was more than twice compared with those who have
not undergone lumbar surgery [23]; the incidence was simi-
lar to that (8.7%) of conventional PEN in this specific popu-
lation [37]. Although three patients underwent temporary
weakness in a recent large cohort analysis, all patients com-
pletely recovered without neurologic deficits [31]. A total of
14 studies on balloon neuroplasty published until now did
not report any major complication. All reported complica-
tions after balloon neuroplasty were minor and self-limiting.
Therefore, PEBN can be considered a safe procedure based
on the evidence to date, although external validation is nec-

essary.

STRENGTH AND LIMITATION

Although several review articles and meta-analyses have
shown that PEN is an effective treatment for chronic refrac-
tory low back and lower extremity pain, there is a lack of evi-
dence on spinal stenosis [1,6,7]. However, most studies on
balloon neuroplasty have been conducted in chronic lum-
bar central and/or foraminal spinal stenosis, which could
strengthen the evidence of balloon neuroplasty for the treat-
ment of lumbar spinal stenosis. In addition, considering the
unclear long-term effects of conventional PEN, PEBN pro-
vided a relatively long-term effect (at least 6 months) in most
studies. Two prospective observational studies described
significant pain relief and functional improvement up to 12
months [15,18]. Moreover, other pathological findings (re-
dundant nerve roots or spondylolisthesis) accompanying
lumbar spinal stenosis may have less influence on the clini-
cal outcomes of balloon neuroplasty [31,32].

However, there are some limitations to studies on balloon
neuroplasty. First, although three randomized controlled
studies were conducted, the sample size was less than 30
patients per group. This could have weakened the power
and validity of the results. Second, considerable follow-up
loss resulted in significant limitations despite the analyses of
large-cohort observational studies. Third, most studies were
conducted at a single institution. Therefore, additional ex-
ternal validation of the effects and safety of PEBN is required
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in the future. Finally, although multicenter studies were per-
formed, confined populations, such as Koreans or patients
with lumbar spinal stenosis, and the specific hospitals where
the studies were conducted could limit the generalizability
of the effectiveness of PEBN. Therefore, further studies are
needed to verify the effects of balloon neuroplasty in other
populations and hospitals.

CONCLUSION

Balloon neuroplasty is a specialized epidural neuroplasty
with a balloon-inflatable epidural catheter, which can relieve
refractory radicular and/or low back pain and ensure func-
tional improvement in patients with chronic lumbar spinal
stenosis. Its effectiveness has been supported by several ran-
domized controlled studies, multicenter observational stud-
ies, and large-cohort retrospective studies. Notably, these
clinical improvements may be sustained for up to 12
months, and PEBN may be effective in patients unrespon-
sive to conventional PEN or post lumbar surgery syndrome.
Minor and self-limiting complications occurred; however,
no major PEBN-related complications have been reported.
Considering this evidence, PEBN seems to be a safe and ef-
fective procedure with minimal complications for the treat-
ment of chronic refractory radicular and/or low back pain,
although further research is needed. To validate and gener-
alize the usefulness of balloon neuroplasty, well-designed
randomized controlled studies with sufficient sample sizes

are required.
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