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Background: Degenerative lumbar spinal stenosis is one of the most common causes
of chronic lower back pain and radiculopathy. Spinal stenosis is anatomically classified
as central and lateral spinal canal stenosis. Many treatment modalities and techniques,
including surgery and epidural injection, have been used to manage the pain. However,
the effect of hypertonic saline injection via the transforaminal approach has not yet been
studied.

Objectives: The aim of this study is to determine the effect of adding hypertonic saline
to conventional transforaminal epidural steroid injections (TFEI) to provide pain relief for
chronic radiculopathy patients secondary to lateral canal spinal stenosis.

Study Design: A double-blind, randomized, active-control trial.
Setting: An interventional pain management practice in a hospital, Republic of Korea.

Methods: Two groups: the hypertonic group received hypertonic saline combined with
triamcinolone and the control group received normal saline combined with triamcinolone.
A total of 68 patients were randomly allocated into either 2 groups by a computer-
generated randomization program. Twenty-seven patients in the hypertonic group and
26 patients in the control group were assessed. A total of 53 patients were included in
this analysis. Outcome measures were taken at baseline, one, 2, 3, 4, and 6 months post-
procedure. The primary outcome measures included the numerical rating scale (NRS) and
the proportion of substantial responders. The secondary outcome measures included the
Oswestry disability index (ODI), the proportion of substantial and moderate responders,
and patient satisfaction.

Results: Transforaminal epidural injection of steroids, with or without the addition of 10%
hypertonic saline, was effective and provided significant pain relief with the improvement
of functional outcome within 4 months. The addition of hypertonic saline was superior in
efficacy compared with conventional TFEI at 3 months follow-up. The differences in the
absolute pain scores did not demonstrate statistical significance between the 2 groups.
The reduction in pain intensity from the baseline was greater in the hypertonic group and
demonstrated higher rates of satisfaction. The use of hypertonic saline also extended the
duration of significant pain relief to 6 months compared with baseline.

Limitations: The lack of placebo group and small sample size.

Conclusion: Superior short-term pain relieving efficacy, but limited long-term effects of
hypertonic saline, when added to TFEls.

Key words: Chronic pain, lumbar radiculopathy, lateral canal, spinal stenosis,
transforaminal, epidural steroid injections, hypertonic saline, local anesthetic
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egenerative lumbar spinal stenosis is one of

the most common causes of chronic lower

back pain and radiculopathy in individuals of
advanced age (1). It was first described in 1954 by Henk
Verbiest as radicular syndrome due to the narrowing
of the vertebral canal (2). Over 30% of people > 65
years report the symptoms of lower back pain, and
symptomatic spinal stenosis presents in approximately
1.7 - 8.4% of the population (3-5). Symptomatic spinal
stenosis is also one of the most common reasons for
patient > 65 years to receive back surgery (1,6-9).

Spinal stenosis is anatomically classified as central
and lateral spinal canal stenosis (10,11). The lateral
spinal canal is subdivided into the lateral recess (or en-
trance zone), the mid-zone, and the exit zone (12). Lat-
eral spinal canal stenosis is a common cause of chronic
lumbar radicular symptoms, with an incidence of 8
- 11% among symptomatic patients (13,14). Conserva-
tive management is the initial treatment for chronic
lumbar radicular pain, which includes exercises, oral
medications, physiotherapy, and epidural injections
(15). When conservative treatments fail, decompres-
sive surgery is usually recommended. However, older
individuals with various comorbidities are not always
surgical candidates due to their limited physical status
and controversies regarding efficacy (9,16,17).

Epidural steroid injections (ESI) are used to treat
chronic lumbar radiculopathy including spinal stenosis
and this practice has improved since the introduction
of fluoroscopic guidance (18). Various ESI techniques,
including caudal, interlaminar, and transforaminal
epidural steroid injections (TFEI), have been studied.
However data on the benefits of epidural steroid injec-
tions for the treatment of chronic lower back pain and
radiculopathy are conflicting, and most studies report
short-term benefit, with limited evidence of mid and
long-term efficacy (19-26). There is some evidence that
TFEIs are superior to interlaminar epidural injections
(27,28), and percutaneous adhesiolysis has been shown
to be effective for the management of chronic lower
back pain and spinal stenosis (29-32).

An experimental animal study and several cadav-
eric studies have demonstrated that formation of epi-
dural adhesion and fibrosis in the spinal canal is possible
without a history of prior surgical interventions (33-35).
Adhesiolysis can be used to eliminate adhesion and fi-
brosis and deliver injected agents to the targeted areas,
and hypertonic saline (hyperosmolar sodium chloride)
is frequently used as an adjuvant for adhesiolysis, but
the effects of administering hypertonic saline remain

unclear (29,31,32,36,37). In the present double-blinded,
randomized controlled study, we examine the effect
of adding hypertonic saline to transforaminal epidural
steroid injections for the treatment of symptomatic
lateral canal spinal stenosis.

MEeTHODS

Participants

This study was conducted at the Pain Clinic of
the Asan Medical Center in Seoul, Republic of Korea.
Permission to conduct this study was granted by the
Institutional Review Board of the Asan Medical Center
(AMC IRB), and written informed consent was received
from each patient who participated in this study. This
study is registered in the Clinical Research Information
Service (cris.cdc.go.kr/KCT0000500).

Between January 2011 and January 2012, 259 pa-
tients with unilateral radiculopathy were screened for
eligibility in this randomized, double-blinded, active-
control study. Because our institution is currently the
largest hospital in Korea and functions as a third-line
referral center, most of the patients were referred from
specialists in other medical fields, including orthope-
dics, neurosurgery, rehabilitation medicine, neurology,
and rheumatology.

The inclusion criteria included age > 20 years,
chronic lumbosacral radiculopathy secondary to spinal
stenosis lasting > 12 weeks, dominant leg pain with less
severe back pain, unilateral leg pain with the symptoms
restricted to one-level of dermatome, and the previous
failure of conservative management including phys-
iotherapy, exercise therapy, analgesic medication and
acupuncture. Epidural injections administered earlier
than 12 weeks prior to recruitment were permitted
because most of the patients visiting our institute had
a history of interlaminar or transforaminal injections.
Magnetic resonance imaging (MRI) was performed on
all participants, and experienced board-certified radi-
ologists unaware of the study at our institute assessed
the images and confirmed the cases of lateral canal
spinal stenosis, including lateral recess and foraminal
spinal stenosis.

The exclusion criteria included unbearable pain > 9
on the numerical rating scale (NRS) (38,39), pain < NRS
4, acute back or leg pain, patients who had developed
signs of progressive motor weakness or neurologic defi-
cits, patients with a history of prior spinal surgery, aller-
gies to steroids or contrast dyes, coagulopathy, injec-
tion of steroids or hyaluronic acids within the previous
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12 weeks, systemic infections, injection site infections,
and unstable medical or psychiatric condition. Patients
with bilateral radiculopathy, spondylolisthesis, multi-
level spinal stenosis, and radiographic confirmation of
severe central canal stenosis were also excluded.

Objectives

The aim of this study is to determine the effect
of adding hypertonic saline to conventional TFEIls to
provide pain relief for chronic radiculopathy patients
secondary to lateral canal spinal stenosis.

Randomization and Blinding

Patients were randomly assigned to one of the 2
groups: the hypertonic group (n = 27) and the control
group (n = 26). The allocation of patients into either
group was performed using a computer-generated
randomization program. Each patient’s randomization
number was concealed throughout the study from both
the study patients and the outcome assessor, who was
an independent physician from the outpatient pain
clinic. The injection procedure and type of drug used
for treatment were not disclosed or discussed with the
patients until completion of the study.

Intervention

Transforaminal epidural injection procedures were
performed at our department under fluoroscopic guid-
ance. A single fluoroscopy C-arm system (OEC 9800,
General Electric Healthcare, Little Chalfont, Bucking-
hamshire, UK) was used and all procedures were per-
formed by a single experienced anesthesiologist with
10-year career in pain medicine.

The patient was placed in a prone position with a
pillow under the lower abdomen in order to minimize
lumbar lordosis and provide an easy approach to the
intervertebral foramen. After sterile preparation and
draping of the insertion area, the skin was infiltrated
with 1% lidocaine and a 25-gauge, 3.5-inch spinal
needle was gently advanced under fluoroscopic guid-
ance. The oblique radiographic view was obtained to
ensure proper positioning. Anatomic landmarks were
identified, and the needle approach technique was
used to achieve proper positioning under fluoroscop-
ic guidance with reference to previous descriptions
(40,41). The needle was advanced and positioned in
the upper quadrant of the target foramen located
under the pedicle of the upper vertebral body. An-
teroposterior and lateral views were obtained to
confirm correct needle positioning, and special care

was taken to prevent undesirable injection. After
aspiration for blood or cerebrospinal fluid, a real-
time fluoroscopically guided injection of 0.5-2.0 mL
contrast dye (Omnipaque, Nycomed Imaging AS,
Oslo, Norway) was used to confirm adequate flow
to the epidural space and prevent further possible
intravascular or intrathecal injection.

After confirmation of correct needle positioning
and adequate radiographic imaging, 2 mL of 1% lido-
caine with 1,500 units of hyaluronidase (Hylase Des-
sau®, Riemser, Germany) was administered. Five min-
utes after the administration of local anesthetics and
hyaluronidase, the patient was asked about any motor
or sensory change in the ipsilateral and contralateral
lower extremity. This was checked by the physician, and
the patients received the study drug. The study drugs
were not administered to any patient presenting se-
vere paresthesia or pain during injection and possible
signs of intrathecal or intravascular local anesthetic
administration. The hypertonic group received 2 mL
of 10% sodium chloride solution mixed with 20 mg
triamcinolone acetonide; the control group received 2
mL of 0.9% saline mixed with 20 mg of triamcinolone
acetonide. The attending physician and the participat-
ing patient were unaware of the concealed study drug
throughout the procedure. No sedatives were used
and all patients were kept awake and conscious dur-
ing the procedure. The patients were then sent to the
outpatient post-anesthesia care unit for recovery, and
additional post-procedure sensory testing and motor
function evaluations were performed by a nurse or
an anesthesiologist blind to the study group. Patients
showing no responses or responses different than the
dermatome level of the affected location were record-
ed, and these patients were removed from additional
analyses.

Outcome Measures and Follow-up

All baseline and post-procedure outcome data
were obtained by an independent physician in the
pain clinic who was blinded to the design of the study
and assigned treatment groups. Baseline data were
collected for all participants. Categorical data includ-
ed sex, current analgesic medication, medical history,
target level, and location of the foraminal stenosis.
Numerical data included age, weight, height, body
mass index (BMI), total duration of pain, and number
of prior epidural injections. The baseline values of the
continuous data included NRS and Oswestry disability
index (ODI).
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The post-procedure outcome variables consisted of
the 11-point NRS (0 = no pain, 10 = unbearable pain)
for assessing radicular pain, the Korean version of
10-item self-administered ODI questionnaire (ranging
from 0 - 100; 0 = no disability) for functional outcomes
(42), responder rates (0 — 100% of patients), and the
global perceived effect (GPE) measured using the 7
-point Likert scale for satisfaction (7 = best ever; 6 =
much improved; 5 = improved; 4 = not improved but
not worse; 3 = worse; 2 = much worse; 1 = worst ever)
(43). NRS, ODI, and responder rates were collected at
the one-, 2-, 3-, 4-, and 6-month follow-up examina-
tions following injection, and GPE was collected at one,
3, and 6 months after injection. The responder rate was
defined in terms of the proportion of patients report-
ing a substantial response (> 50% or > 4-point reduction
in the pain score compared with baseline), or moderate
response (> 30% or > 2-point reduction in the pain score
compared with baseline) (43-45).

The primary outcome measures included the mean
pain score compared with baseline, reduction in NRS
pain score, and the proportion of substantial respond-
ers at one, 2, 3, 4, and 6 months. The secondary out-
comes included functional changes, as measured by ODI
at one, 2, 3, 4, and 6 months, the proportion of moder-
ate and substantial responders at one, 2, 3, 4, and 6
months, patient satisfaction with treatment measured
at one, 3, and 6 months, and the incidence of adverse
effects. Patients were instructed to report any adverse
events to the physician during the procedure and on
each follow-up visit. The patients also could call to
request further management or advice. The observed
adverse events included paresthesia, pain on injection,
neuralgia, numbness, and motor weakness.

During follow-up, all patients were advised to con-
tinue taking their medications that they had been pre-
viously prescribed. Altering their previous medications
during the first 3 months was prohibited, and patients
were informed of this guideline prior to study partici-
pation. After the first 3 months, the patients who had
persistent symptoms or pain were allowed to increase
their dose of analgesics or receive other interventional
treatments: these patients were withdrawn from fur-
ther data collection.

Statistical Analysis

A 2-arm pilot study that included 10 patients in the
hypertonic group and 8 patients in the control group
was performed before this study. The sample size was
calculated based on the results of the pilot study (not

published). According to the pilot study, the minimum
detectable difference in the means was approximately
1.6 and the expected standard deviation (SD) of the
residuals was 2.0 on NRS scores. Based on the desired
power (80%) and the 2-tailed significance level of 5%,
26 patients would be required in each study group, in
order to obtain a total sample size of 52 participants. A
total of 34 patients in each group was required in order
to adjust for the 30% dropout rate.

The continuous variables are presented as the
means + SDs or as the 95% confidence intervals (Cl),
and the categorical variables are presented in terms
of percentages and absolute numbers. The continuous
variables were analyzed on an intention to treat basis
beyond the first follow-up period. The patients who did
not participate in the first follow-up examination (one
month) were dropped from the study and their data
were excluded. Data on the remaining patients were
analyzed according to the allocated group, regardless
of further loss on follow-up or withdrawal. Regarding
the categorical variables of the remaining patients,
the baseline observation carried-forward method was
adopted to analyze further dropout data, and the num-
ber needed to treat (NNT) was calculated based on the
substantial responder analysis.

As data loss due to drop outs were expected, the
linear mixed effect model (LMEM) analysis was used to
compare changes within and between the groups in
terms of the NRS and ODI values at baseline, one-, 2-,
3-, 4-, and 6-month post-procedure. Compared with the
analysis of variance, the LMEM is known to be more
flexible to accommodate longitudinal data features,
and is more efficient with ability to achieve more
power in dealing missing data (46-48). Adjustment of
the baseline NRS and ODI values were made in order
to compare the estimated differences from baseline for
each group. Changes from baseline at each time point
between the 2 treatment groups were compared using
the Mann-Whitney U test. The Mann-Whitney U test or
the unpaired t-test was used at one, 3, and 6 months to
compare differences on the GPE scale. For the results
of responder analysis, the chi-square test was used to
compare differences between groups in each obser-
vation period. Demographic data within groups was
compared using the chi-square test, Fisher exact test,
or the unpaired t-test, as appropriate. We analyzed the
data using SAS version 9.2 (SAS Institute Inc, Cary, NC,
USA) and SigmaPlot version 12.0 (Systat Software Inc,
Richmond, CA, USA). A P value < 0.05 was considered
statistically significant.
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REesuLTs

Between January 2011 and January 2012, 259
patients diagnosed with spinal stenosis were assessed
for eligibility; 86 patients fulfilling the inclusion crite-
ria with radiographic evidence of lateral canal spinal
stenosis were enrolled. Of the 173 excluded patients,
108 did not meet the study inclusion criteria and 65
met the study exclusion criteria. Before randomiza-
tion of the 86 eligible patients, 12 patients declined
to participate in the study, 2 patients were residents
abroad, 4 patients did not demonstrate a correlation
between the MRI findings and the clinical symptoms
of radiculopathy; in total, 68 patients agreed to par-
ticipate in the study protocol and were randomized for
analysis. After randomization, an additional 5 patients
were excluded because they did not show any response
to the procedure (n = 2), the response did not correlate
with the affected dermatome that was checked at the
post-anesthesia care unit (PACU; n = 3), and one patient
in the hypertonic group experienced a severe burning
sensation after injection of the hypertonic saline and
declined to further participate in the study. The pain
spontaneously relieved within 2 hours of recovery in
the PACU, and the patient was discharged without any
sequelae. Four patients in the hypertonic group and 5
patients in the control group were lost on follow-up
examination before the first visit to the outpatient pain
clinic and withdrawn from the data analysis. Thus, a
total of 53 patients (27 in the hypertonic group; 26 in
the control group) were included in the intention to
treat analysis (Fig. 1). All 53 patients received follow-up
at one, 2, and 3 months. After the third visit, subse-
quent withdrawals from further data collection due to
increase in opioid analgesics, additional interventions,
or loss on follow-up did occur. By the 4-month follow-
up examinations, 4 patients (14.8%) in the hypertonic
group, and 6 patients (23.1%) in the control group
had dropped out. At the last follow-up examination
at 6 months, a total of 14 patients in each group had
dropped out. At study completion, 13 patients (48.1%)
in the hypertonic group and 12 patients (46.2%) in the
control group (Fig. 2) were still enrolled.

There were no statistically significant differences in
the baseline characteristics of the 2 treatment groups.
Although difference between the baseline NRS and ODI
scores was not statistically significant, the hypertonic
group demonstrated higher baseline NRS (7.26 vs. 6.60)
and ODI values (42.6 vs. 37.5) compared with the con-
trol group (Table 1).

Primary Outcomes

In the hypertonic group, there was a statistically
significant improvement in the mean pain score com-
pared with the baseline pain score throughout the
whole study period (P < 0.001, P=0.004 at 6 months); in
the control group, statistical significance was observed
at one (P < 0.001), 2 (P < 0.001), 3 (P < 0.001), and 4
months (P < 0.001; Table 2). When the NRS pain score
was compared between the 2 groups using the LMEM,
using time as the random effect and the group as the
fixed effect, no significant interactions were observed
that affected the mean changes in the NRS scores be-
tween the hypertonic group and control group over
the course of the study (omnibus P = 0.111; Fig. 3). The
estimated decrease in the NRS pain score was greater in
the hypertonic group compared with the control group
throughout the whole study period, demonstrating a
statistically significant difference between the 2 group
at the 2- (P = 0.024) and 3-month (P = 0.012) follow-up
examinations (Table 3).

According to the results of the responder analysis,
the proportion of substantial responders was higher in
the hypertonic group compared with the control group
throughout the total observation period (Fig. 4). There
was a statistically significant difference between the
2 groups at 3 months. Sixteen patients (59.3%) in the
hypertonic group demonstrated > 50% or > 4-point re-
duction in the NRS pain score, whereas only 5 patients
(19.2%) in the control group did (P = 0.007). The NNT
for the hypertonic group relative to the control group
ranged between 3 and 8 treatments at different time
points. The NNT tended to decrease gradually from one
to 3 months, and then increased gradually from 3 to 6
months. The 95% Cl extended from a negative num-
ber, except at 3 months (Cl: 1.6 — 6.2). We expressed
the negative numbers of the Cls as previously recom-
mended by Altman (49). Because the control group
in this study was an active comparator group (38), we
did not interpret the negative numbers as the number
needed to harm (NNH), but as NNTH (hypertonic) and
NNTC (control; Table 4).

Secondary Outcomes

The ODI decreased significantly compared with
baseline until 4 months after the procedure in both
groups (P < 0.001; P = 0.006 at 4 months in the control
group). However, neither group demonstrated signifi-
cant functional improvement at 6 months (hypertonic:
P =0.135; control: P = 0.455; Table 5). When differences
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Allocated to intervention (n=34)
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Did not receive allocated intervention (n=0)

l

Allocated to intervention (n=34)
Received allocated intervention (n= 34)

Did not receive allocated intervention (n=0)

Excluded per protocol (n=7)

Declined to participate (n=1)

Lost to follow-up (Data uncollected) (n=4)

Discontinued intervention per protocol (n=2)

Excluded per protocol (n=8)

Lost to follow-up (Data uncollected) (n=5)

Discontinued intervention per protocol (n=3)

Intention-to-trea

t analysis (n=27)

A

Data collected (Lost to fo
1 month: n=27 (n=0)
2 month: n=27 (n=0)
3 month: n=27 (n=0)
4 month: n=23 (n=4)

6 month n=13 (n=14)

llw-up)

Analyzed (n=27)

Excluded from analysis (n=0)

Intention-to-treat analysis (n=26)

L

Data collected (Lost to follw-up)
1 month: n=26 (n=0)
2 month: n=26 (n=0)
3 month: n=286 (n=0)
4 month: n=20 {n=6)

& month n=12 (n=14)

Analyzed (n=26)
Excluded from analysis (n=0)

Fig. 1. The patient flow of 53 patients during 6-month follow-up.
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Table 1. Baseline characteristics of patients.
Hypertonic group (n = 27) Control group (n = 26) P-values
Age, y. [mean (SD)] 66.0 (10.0) 63.7 (10.0) 0.406
Gender 1.000
Male 8 7
Female 19 19
Weight, kg [mean (SD)] 61.8 (8.5) 61.9 (9.7) 0.973
Height, cm [mean (SD)] 157.7 (6.0) 155.5(7.5) 0.336
Body mass index [mean (SD)] 24.7 (3.4) 25.5(3.2) 0.474
Total duration of pain, mo. [mean (SD)] 18.3 (18.6) 22.3(18.1) 0.431
Concurrent medical history 0.334
Diabetes mellitus 5 3
Hypertension 8 13
Others 0 1
Opioid use
None 20 20 1.000
Strong opioid 5 3 0.704
Weak opioid 2 3 0.669
Non-opioid analgesics 18 22 0.202
Prior ESI number [mean (SD)] 2.41(1.47) 2.35 (1.60) 0.887
Target level of spinal stenosis 0.588
L3-4 1 0
L4-5 10 11
L5-S1 16 15
Treatment location (left/right) 10/17 13/13 0412
Numerical rating scale [mean (SD)] 7.26 (1.20) 6.60 (1.36) 0.065
Oswestry disability index [mean (SD)] 42.6 (14.1) 37.5(15.1) 0.210

ESI: epidural steroid injection; SD: standard deviation

www.painphysicianjournal.com

203



Pain Physician: May/June 2013; 16:197-211

Table 2. Mean pain scores and estimated differences from baseline for each study groups

Time Least square means (95% CI)* | Estimated difference from baseline (SE) | P-value compared with baseline
Hypertonic Control Hypertonic Control Hypertonic Control
(n=27) (n = 26) (n=27) (n =26) (n=27) (n =26)
Baseline 7.26 (6.55 - 7.97) | 6.60 (5.96 — 7.24) 0 0

one month 4.13 (3.42 - 4.84) | 4.04 (3.40 - 4.68) -3.13 (0.42) -2.56 (0.35) <0.001 <0.001
2 months 4.04 (3.32 -4.75) | 4.65 (4.01 - 5.30) -3.22 (0.42) -1.94 (0.35) <0.001 <0.001
3 months 4.33(3.62 - 5.05) | 5.08 (4.44 - 5.72) -2.93 (0.42) -1.52(0.35) <0.001 <0.001
4months | 4.80 (4.04-5.56) | 5.18 (4.47 - 5.88) -2.46 (0.45) -1.42 (0.38) <0.001 <0.001
6 months 5.68 (4.71 - 6.65) | 6.29 (5.43 - 7.14) -1.58 (0.54) -0.31 (0.45) 0.004 0.492

NRS: numerical rating scale; CI: confidence intervals; SE: standard error
*Omnibus P = 0.111 comparing the hypertonic and control groups.

Numerical rating scale

—&— Hypertonic group
—O— Control group

Time (month)

Fig. 3. The numerical rating scale of
hypertonic and control groups during
follow-up examination.
0 = baseline, * P < 0.05 vs baseline,
7 P <0.05 vs baseline
The data are presented as mean *+ 95%
confidence intervals.

Table 3. Estimated reduction in the NRS and ODI scores of the hypertonic group compared with the control group.

Groups
P-value
Variable Hypertonic (n = 27) | Control (n = 26)
NRS (0 - 10)
one month 3.13(2.11) 2.56 (2.14) 0.247
2 months 3.22 (2.42) 1.94 (2.04) 0.024
3 months 2.93 (2.54) 1.52 (1.83) 0.011
4 months 2.78 (2.35) 1.50 (1.70) 0.054
6 months 2.15(2.70) 0.58 (1.73) 0.168
ODI (0 - 100)
one month 13.22 (14.25) 10.08 (12.05) 0.556
2 months 13.81 (19.08) 10.31 (11.88) 0.449
3 months 12.70 (18.21) 8.08 (11.39) 0.345
4 months 12.22 (15.64) 6.90 (8.60) 0.414
6 months 6.85(8.72) 3.83 (9.44) 0.339

All data are presented as the mean (SD). The Mann-Whitney U test was used to compare differences between the groups at each time
point following normality testing using the Shapiro-Wilk test. NRS: numerical rating scale; ODI: Oswestry disability index
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Fig. 4. The responder rate of the 2 groups during follow-up examination.

* P =0.007, hypertonic vs control

Table 4. Number needed to treat substantial responders exceeding the minimum efficacy criteria of 50% or 4 points improvement in
P g y 14 p

NRS at each time point.

Time NNT 95% CI
one month 8 NNTC 7.6 to NNTH 2.5
2 months 5 NNTC 97.9 to NNTH 2
3 months 3 1.6 to 6.2
4 months 6 NNTC 21.7 to NNTH 2.5
6 months 7 NNTC 23.8 to NNTH 3

NNT: number needed to treat; CI: confidence interval; NNTC: number needed to treat (control); NNTH: number needed to treat (hypertonic)

were compared between the 2 groups using the linear
mixed model, no significant differences were detected
from baseline through 6 months (omnibus P = 0.764;
Fig. 5). The proportion of substantial or moderate re-
sponders (> 30% or > 2-point reduction in NRS score)
was higher in the hypertonic group, but we did not
observe any significant differences between the 2
groups (Fig. 4). The patient satisfaction score (GPE) was
higher in the hypertonic group, demonstrating statisti-

cal significance at 3 months (P = 0.02; Table 6). Patient
satisfaction gradually decreased in both groups.

There were no reports of serious complications
during injection, except one patient in the hypertonic
group experienced burning pain during injection and
declined to participate further in the study. Other com-
plications were minor, mostly temporary pain during
needle approach and injection, which were tolerable
and required no additional care. There were no cases
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Table 5. Mean ODI and estimated differences from baseline

Time Least square means (95% CI)* Estimsll:::eﬁijiez;ré():e from P-valueb(;osr;?szed with
Hypertonic Control Hypertonic Control Hypertonic Control
(n=27) (n = 26) (n=27) (n = 26) (n=27) (n = 26)
Baseline 42.63 (37.15 - 48.12) 37.54 (32.64 — 42.44) 0 0
one month 29.41 (23.93 - 34.88) 27.46 (22.57 - 32.36) -13.22 (2.57) -10.08 (1.89) <0.001 <0.001
2 months 28.82 (23.34 - 34.29) 27.23 (22.34 - 32.13) -13.82 (2.57) -10.31 (1.89) <0.001 <0.001
3 months 29.93 (24.45 - 35.40) 29.46 (24.57 - 34.36) -12.70 (2.57) -8.08 (1.35) <0.001 <0.001
4 months 32.49 (26.78 - 38.20) | 31.81 (26.67 - 36.95) -10.14 (2.71) -5.73 (2.06) <0.001 0.006
6 months 37.67 (30.88 - 44.46) 35.69 (29.92 - 41.46) -4.96 (3.29) -1.85 (2.46) 0.135 0.455

ODI: Oswestry disability index; CI: confidence intervals; SE: standard error
*Omnibus P = 0.764 comparing the hypertonic and the control groups.

50 —&— Hypertonic group
—O— Control group

45 A
x
3
£ 40- Fig. 5. The Oswestry disability index of
L:_-‘" hypertonic and cotrol groups during follow-
% up examination.
@ 35 0 = baseline * P < 0.05 vs basline, f P
° < 0.05 vs baseline
% The data are presented as mean * 95%
g 30 1 confidence intervals.
0
o

25 4

20 T T T T T T T ]

0 1 2 3 4 5 6 7
Time (month)

Table 6. Patient satisfaction at one, 3, 6 months according to GPE.

. Least square means (95% CI)*
Time - P-valuet
Hypertonic Control
one month 5.82 (5.40 - 6.23) 5.65 (5.26 - 6.05) 0.245
3 month 5.41 (5.00 - 5.12) 4.73 (4.33 - 5.13) 0.02
6 month 4.59 (4.02 - 5.16) 4.22 (3.65 - 4.80) 0.397

*Mean values were calculated using the linear mixed model.

+ The Mann-Whitney U test and unpaired t-test were used to determine the GPE differences between groups. Normality was tested using the
Shapiro-Wilk test.
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of dural puncture during the procedure, and no cases
of inappropriate drug delivery. Post-procedure com-
plications were not reported on follow-up, and other
complications such as infection, sensory deficits, and
deterioration of motor function were not registered
throughout the study period. No withdraws from the
study due to adverse effects were noted.

Discussion

Transforaminal epidural injection of steroids, with
or without the addition of 10% hypertonic sodium
chloride, is effective and provides significant pain relief
with the improvement of functional outcome within 4
months. The present study provides further informa-
tion that the addition of hypertonic saline is superior in
efficacy compared with conventional TFEI at 3 months,
although the differences in the absolute pain scores did
not demonstrate statistical significance. The reduction
in pain intensity from the baseline was greater in the
hypertonic group over the short-term and demon-
strated higher rates of satisfaction in comparison with
the control. The use of hypertonic saline also extended
the duration of significant pain relief to 6 months com-
pared with baseline. However, as a consequence of the
high drop-out rates, the long-term results of hypertonic
saline at 6 months were underpowered, demonstrating
only a limited long-term effect, and the use of hyper-
tonic saline did not provide any additional benefits in
terms of the improvement in functional outcomes.

The transforaminal approach for administering
epidural injections provides target-specific advantages
for delivering local anesthetics and steroids to the de-
sired site of pathology in comparison with interlaminar
or caudal epidural injections for the management
of lumbar radiculitis and disc herniation (27,50). This
technique has also been used to manage patients with
spinal stenosis, demonstrating positive results, includ-
ing short-term pain relief and functional improvement,
that have been reported in a number of randomized
and nonrandomized studies (26,51-55). The short-term
findings of our research are consistent with previous
studies that included both experimental and control
groups. However, the long-term effects of TFEI for the
treatment of spinal stenosis are conflicting, with only
one randomized control study reporting positive results
beyond 6 months of follow-up examination (26). Two
other retrospective studies reported that 19% to 37%
of patients demonstrated long-term improvements,
including > 50% reduction in pain scores (54,55). Our
results also failed to describe meaningful long-term

effects in either pain reduction or functional improve-
ments, although the use of 10% hypertonic saline dem-
onstrated some degree of advantage over conventional
TFEI.

In our study, the addition of 10% hypertonic saline
seemed to be an effective treatment modality, because it
improved the short-term efficacy of TFEIs and provided
a greater amount of pain reduction compared with con-
trols. This can be explained by 1) the adhesiolysis of the
potential adhesions and fibrous tissues in the epidural
and perineural space, and 2) the possible neuromodula-
tory effects of the high concentration sodium chloride
solution. The effect of percutaneous adhesiolysis have
been described and reported by numerous studies,
and favorable short- and long-term results have been
reported (31,32,36,56,57). A preliminary study compar-
ing caudal epidural adhesiolysis with caudal epidural
injections for the management of chronic lower back
pain secondary to spinal stenosis reported that adhe-
siolysis demonstrates a significant advantage over only
caudal epidural injection for providing long-term pain
relief (29). However, no mechanical adhesiolysis was
performed in this study, and previous studies demon-
strated considerable evidence that the critical factor in
adhesiolysis is the mechanical factor rather than chemi-
cal, and the effect of hypertonic saline in adhesiolysis is
still controversial (31,36). The neuromodulation effects
of chloride solutions and the effect of hyperosmolar
solutions on nerve conduction have been studied previ-
ously in experimental animal studies (58,59). Localized
alteration of the intracellular chloride ion level is also
associated with changes in pain pathway (60), making
it possible to assume that the effects of the localized
administration of high concentration sodium chloride
may have contributed to changes in pain conductivity.

There are several limitations to the present study
that should be discussed. First, the control group of this
study was an active comparator; thus, this study lacks a
placebo group. The placebo effect is important in clini-
cal pain research: it is powerful and may last for pro-
longed periods (61,62). However, the placebo effect is
very complex and it is difficult to apply a sham-placebo
group for ethical reasons, as this study involved invasive
procedures. The second limitation is whether the control
group can be strictly considered as an active compara-
tor. According to the chronic pain research guidelines,
an active comparator is defined as a treatment with a
well-established efficacy (39). Transforaminal epidural
steroid injection is a well-established treatment for
treating lower back pain and radiculopathy secondary
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to spinal stenosis (50), but in the present study we ad-
ministered an additional 0.9% sodium chloride solution
in the control group in order to blind the operator to
the study. The effects of normal saline on pain reduc-
tion and its effects on altering neurostimulation have
been previously described by many comparative studies
(19,63-66), so there is a concern that the normal saline
group could be considered the placebo group (67). The
use of normal saline in the control group can be criti-
cized, because it may have had positive effects in terms
of pain reduction.

The baseline NRS scores of the study groups, al-
though not statistically different, did show some degree
of difference. As a result, although the reduction in the
NRS scores was significantly greater in the experimental
group after 2 - 3 months, group differences in terms of
the NRS scores were not significant; the small sample
size also contributed to this finding. Fourth, the severity
of lateral spinal stenosis was not considered. Although
MRI was performed on all patients who participated in
this study, and a formal interpretation was performed
by radiologist, we did not further classify the patients
according to severity of the stenosis. The correlation be-
tween the radiographic severity of spinal stenosis and
clinical symptoms, along with treatment effectiveness
were found to be insignificant in previous studies (68-
71). Thus, further evaluations of the severity of stenosis
and treatment effects were not considered in this study.
Fifth, the effect of emotional function was not evalu-
ated in this study. Many patients suffering from chronic
pain are in depressed and the assessment of emotional
functioning is an important core outcome in chronic
pain research (72). This is due to the reluctance of
Korean patients to face psychiatric consultation, along
with the lack of appropriate isolated counseling offices
in our outpatient clinic at the time our research was
carried out. Furthermore, the high rates of withdrawal
between the fourth and sixth months underpowered
this study, making the long-term results less reliable.

The adverse effects and complications reported
during this study were relatively infrequent, and the

reported events were all minor and did not influence
the results of this study. Generally known complications
of hypertonic saline administration include severe pain
during injection, paresthesia, and chemical arachnoidi-
tis (73,74). Special care was taken in the current study
to avoid possible complications as previously described,
but further safety guidelines are essential for general
application of the transforaminal hypertonic saline in-
jection. First, we recommend the use of hypertonic
saline in patients presenting unsatisfactory responses
to conservative managements. Second, patients who
demonstrate limited response to conventional TFEI,
or those who are responsive, but when the response
is short-lived, can be candidates for the use of hyper-
tonic saline. During clinical practice, adequate contrast
spread should be confirmed by real-time fluoroscopy,
and the use of blunt needles can be helpful to pre-
vent intra-arterial and intrathecal injections. Catheter
utilized techniques and the Kambin triangle approach
can also ensure safety compared with our single needle
technique (75,76), and larger volumes of local anes-
thetic test-dose with longer waiting time can further
increase the margin of safety. However, to obtain safety
profiles and more valid information regarding possible
complications, further studies with larger cohorts are
needed.

ConcLusIoN

The results of this study suggests that the TFEI is
a useful modality in treating pain secondary to lateral
canal spinal stenosis, and the short-term functional out-
comes were also improved significantly, but the TFEI
showed limited long-term effects in treating patients
with spinal stenosis. The addition of hypertonic saline
demonstrated superior short-term pain relieving ef-
ficacy compared with conventional lumbar TFEI, but
the overall mid- and long-term results showed no ad-
vantage. To confirm the long-term efficacy and ensure
safety in general practice, larger scale studies with lon-
ger follow-up periods and accurate guidelines for the
use of hypertonic saline are needed.
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