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Background: Epidural neuroplasty using a Racz catheter has a therapeutic effect. Studies
have found no correlation between foraminal stenosis and the outcome of epidural neuroplasty,
which is thought to depend on contrast runoff.

Objective: To examine the correlation between the contrast spread pattern and pain reduction
in cervical epidural neuroplasty using a Racz catheter.

Study Design: Retrospective study.
Setting: An interventional pain-management practice in a university hospital.

Methods: Fluoroscopic images were reviewed retrospectively. The spread of contrast from
the neural foramen to a nerve root was called contrast runoff. If the contrast did not spread in
this manner, then there was no contrast runoff. We defined successful epidural neuroplasty as
a 50% or greater reduction from the pre-procedure numeric rating scale (NRS) score for total
pain, and an at least 40% reduction in the neck pain and disability scale (NPDS) score.

Results: This study reviewed 169 patients. Among the patients who had a contrast runoff
pattern, the epidural neuroplasty was rated as successful in 96 (74.4%), 97 (75.2%), 86
(66.7%), and 79 (61.2%) cases one, 3, 6, and 12 months after the procedure, respectively.
When there was no contrast runoff, the epidural neuroplasty was successful in 12 (30%), 12
(30%), 10 (25%), and 10 (25%) cases at one, 3, 6, and 12 months after the procedure (P <
0.001). Logistic regression of the contrast spread pattern and predicting successful epidural
neuroplasty gave similar results. Patients with a contrast runoff pattern had odds ratios of
6.788, 7.073, 6.000, and 4.740 at one, 3, 6, and 12 months, respectively (P< 0.001).

Limitations: This study lacked a control group, and the patients were not classified by their
diagnosed disease, such as spinal stenosis, herniated nucleus pulposus, and post-spinal surgery
syndrome.

Conclusions: Cervical epidural neuroplasty with a contrast runoff pattern had a higher
success rate. Contrast runoff should be observed during neuroplasty, even in the presence of

foraminal stenosis.
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arious studies have shown the therapeutic

effects of cervical epidural steroid injection.

Cervical epidural steroid injections are widely
administered to patients with cervical disc herniation
or spinal stenosis (1). Moon et al (2) also demonstrated
the effectiveness of cervical epidural neuroplasty,
and reported factors associated with unsuccessful
outcomes. Park et al (3) reported no statistically
significant correlation between pain relief and
severity of cervical central stenosis after percutaneous
adhesiolysis using a Racz catheter. Although previous
studies found no correlation between foraminal
stenosis and the outcome of epidural neuroplasty,
differences in the contrast spread pattern are clearly
evident. The advantage of injecting cervical epidural
steroid via a catheter is that this method allows delivery
of the injectate adjacent to the target lesion. However,
adjacent delivery of injectate does not necessarily
signify flow of the injectate through the target lesion
and foramen. Therefore, this study examined the
correlation between the contrast spread pattern and
pain reduction in cervical epidural neuroplasty using a
Racz catheter.

METHODS

This study was approved by the Institutional Re-
view Board of Seoul St. Mary’'s Hospital, the Catholic
University of Korea (IRB No. KC15RISI0368).

Participants

We retrospectively enrolled 169 patients with
chronic posterior neck and upper extremity pain who
did not respond to cervical epidural steroid injections.
As the next stage of treatment, cervical epidural neu-
roplasty using a Racz catheter was performed. The
patient’s symptoms, neurological examination, and
imaging studies were evaluated to make a diagnosis.
Patients 20 to 80 years old with a herniated disc, spinal
stenosis, or post cervical surgery syndrome were includ-
ed. Cervical epidural neuroplasty using a Racz catheter
was done, and patients had regular follow-up visits
until 12 months after the neuroplasty. This study was
carried out for 3 years, and 169 consecutive patients
were reviewed.

Epidural Neuroplasty

Patients were positioned prone, and draped in
a sterile manner. With 1% lidocaine, the skin was in-
filtrated, and an 18-gauge 3%:-inch epidural needle
(RX epidural needle, Coudé; Epimed International,

Johnstown, NY) was inserted at the level of T1-T2 in-
tervertebral space under fluoroscope. A needle was
advanced to the epidural space with the needle tip
facing in the caudal direction. The epidural space was
confirmed by loss-of-resistance, and the tip of the nee-
dle was rotated to the cephalad direction. To prevent
dural puncture, the RX-2 Coudé needle has a second
stylet which protrudes beyond the tip of the needle.
An epidural catheter was inserted through the needle,
and advanced to the lateral part of the targeted lesion.
Lateral positioning of the catheter was intended for the
spread into both the anterior and posterior epidural
space. Oh et al (4) stated that in percutaneous epidural
neuroplasty in the lumbar spine, the catheter tip at the
ventral position had a better outcome. The targeted
lesion was determined by magnetic resonance imaging
(MRI) findings, and the location of the catheter was
confirmed under fluoroscope using 0.5 — 1 mL of con-
trast media. When epidurogram without intravascular
or subarachnoid filling was confirmed, 1,500 units of
hyaluronidase in 2 mL preservative-free normal saline
were injected via epidural catheter. Injection of 2 mL of
0.125% bupivacaine and 5 mg of triamcinolone mixture
followed. After the injection of these injectates, perive-
nous counterspread could occur, which is a dangerous
warning sign of loculation. It could compress the blood
supply from the spinal cord causing pain, and leading
to possible spinal cord injury (5). Pain can be relieved by
neural flossing, a repeated movement of flexion rota-
tion from the chin to both shoulders. With neural floss-
ing, lateral transforaminal contrast runoff is present
under fluoroscope (Fig. 1). Perivenous counter spread,
which is a dangerous warning sign, can be found from
loculation. Thorough examination of the fluoroscopic
image is indispensable.

Two-milliliters of 10% sodium chloride solution
were infused over 30 minutes at 30 minutes after the
procedure. During the infusion, vital signs and neuro-
logic change were monitored. On a day after the proce-
dure, patients received another 30 minute-infusion of
2 mL of 0.125% bupivacaine and 2 mL of 10% sodium
chloride solution. The epidural catheter was removed
after the infusion. The entire procedure was carried out
by 2 pain physicians with more than 10 years of experi-
ence in the field.

Clinical Evaluations

Patients evaluated their symptoms by completing
questionnaires before and one, 3, 6, and 12 months
after the procedure. Success was defined as a 50% or
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Runoff of Contrast in Cervical Epidural Neuroplasty

Fig. 1. Contrast runoff of right C5 nerve after neural
flossing. White arrow indicates right C5 nerve.

Fig. 2. Cervical epidural neuroplasty with contrast runoff.

greater reduction in pain score on the pre-procedural
numeric rating scale (NRS), and an at least 40% reduc-
tion in score on the Korean version of the Neck Pain
and Disability Scale (NPDS) (6). The total NRS, neck pain,
and arm pain scores were recorded along with the NPDS
score.

The fluoroscopic images taken during cervical epi-
dural neuroplasty were reviewed. An anteroposterior
view of the cervical spine was obtained using 0.5 — 1
mL of contrast medium, after injecting hyaluronidase
and bupivacaine. At the end of the procedure, a final
fluoroscopic image was taken. When contrast spread
out from the neural foramen, flowing past the dorsal
root ganglion, the pattern was considered as contrast
runoff (Fig. 2). If the contrast did not spread out of the
neural foramen, contrast runoff was deemed to be ab-
sent (Fig. 3). These images were examined by 2 clinicians
who were involved with the procedure.

Statistical Analysis

The chi-square test was used to compare the
contrast spread pattern and procedure outcome. The
correlation between successful cervical epidural neuro-
plasty and contrast spread pattern was analyzed using
logistic regression analysis. The statistical analysis was
performed using SPSS for Windows software (ver. 18.0;
SPSS Inc., Chicago, IL). A P-value < 0.05 was considered
statistically significant.

Fig. 3. Cervical epidural neuroplasty of right C5 nerve
without contrast runoff.

REesuLTs

The 169 patients reviewed included 95 women and
74 men with a mean symptom duration of 51.5 + 54.7
months. The diagnoses were spinal stenosis (118 pa-
tients, 69.8%), herniated disc (32 patients, 18.9%), and
post cervical surgery syndrome (19 patients, 11.2%).
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Before visiting our clinic, 46 patients (27.2%) received
a recommendation for surgery (Table 1).

Among the patients with a contrast runoff pattern,
the epidural neuroplasty was rated successful in 96
(74.4%), 97 (75.2%), 86 (66.7%), and 79 (61.2%) cases,
one, 3, 6, and 12 months after the procedure, respec-
tively. In comparison, in the patients with no contrast
runoff, the epidural neuroplasty was successful in 12
(30%), 12 (30%), 10 (25%), and 10 (25%) cases, one,
3, 6, and 12 months after the procedure, respectively

Table 1. Charactertstics of patienis.

Characteristic n =169
Age (years) 51.7 £ 10.5
Sex (female/male) 95/74
Duration of Symptoms (months) 51.5 + 54.7
Herniated Disc 32(18.9)
Diagnosis Spinal Stenosis 118 (69.8)
Post Cervical Surgery
Syndrome 19(112)
Recommendations for Surgery 46 (27.2)
Grade 0 0(0)
MRI Grade
Of Cervical | Gradel 81 (47.9)
Canal
Stenosis Grade 2 77 (45.6)
Grade 3 11 (6.5)
Spondylolisthesis 23 (13.6)
Foraminal Stenosis 88 (52.1)
OPLL 11 (6.5)

Data represent the mean + SD, number or frequency (percentage).
OPLL = ossification of posterior longitudinal ligament, SD = standard
deviation.

(P < 0.001; Table 2). Foraminal stenosis was found in
88 patients, of whom 56 (63.6%) showed contrast run-
off. Among the 56 patients, the outcome was rated as
successful in 43 (76.8%), 43 (76.8%), 36 (64.3%), and
33 (58.9%) cases, one, 3, 6, and 12 months after the
procedure, respectively (Table 3). The logistic regression
between the contrast spread pattern and predicting
successful epidural neuroplasty gave similar results (P
< 0.001; Table 4).

Discussion

Cervical epidural neuroplasty has a therapeutic ef-
fect in patients with chronic posterior neck and upper
extremity pain due to cervical central stenosis (3). It has
shown to be effective in the lumbar spine also (7,8).
Patients that have undergone surgery or have spondy-
lolisthesis or ossification of the posterior longitudinal
ligament are more likely to have unsuccessful outcomes
(2), whereas the presence of foraminal stenosis does
not affect the clinical outcomes (2,9). We observed a
higher success rate when contrast runoff was seen,
even in patients with foraminal stenosis.

Park and Lee (9) found no correlation between the
therapeutic response to cervical transforaminal steroid
injection and contrast dispersion pattern, and conclud-
ed that direct access to the nerve root is not essential,
although there were some limitations to their study,
including a small sample size and 2-week follow-up
period. In comparison, our study had more participants
and longer follow-ups. We also used logistic regression
to examine the correlation, instead of Fischer’s test.

Clinically, contrast runoff may not be present at the
beginning of a neuroplasty and it may be necessary to
adjust the catheter to observe contrast runoff. Contrast
runoff was significantly correlated with a successful
outcome; therefore, physical washout of inflammatory
materials is necessary. Injection of local anesthetic and
steroid can reduce the pain caused by mechanical pres-
sure (10) and inflammatory responses (11,12). Racz et

Table 2. Relationship between conirast spread paitern and outcome of procedure.

1 month 3 months 6 months 12 months
Fail Success Fail Success Fail Success Fail Success
No contrast runoff 28 (70%) 12 (30%) 28 (70%) 12 (30%) 30 (75%) 10 (25%) 30 (75%) 10 (25%)
Contrast runoff 33 (25.6%) 96 (74.4%) 32 (24.8%) 97 (75.2%) 43 (33.3%) 86 (66.7%) 50 (38.8%) 79 (61.2%)
P <0.001* <0.001* <0.001* <0.001*

*Indicates significant difference.
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Table 3. Relationship between conirast spread patiern and outcome of procedure in cases with foraminal stenosis.

(N=32)

1 month 3 months 6 months 12 months
Fail Success Fail Success Fail Success Fail Success
WD GO it e 26 (81.3%) | 6(18.8%) | 24 (75%) 8 (25%) 24 (75%) 8 (25%) 24 (75%) 8 (25%)

Contrast runoff

(N = 56) 13 (232%) | 43 (76.8%) | 13 (232%) | 43 (76.8%) | 20(35.7%) | 36(64.3%) | 23 (41.1%) | 33 (58.9%)
P <0.001* <0.001* <0.001* <0.001*
*Indicates significant difference.
Table 4. Logistic regression results between contrast spread pattern and predicting successful epidural neuroplasty.
1 month 3 months 6 months 12 months
Variabl
- B (95(3/0RCI) P B (950%RCI) P B (95(:/?(31) P B (95(‘3/?(]1) P
Cl‘?lr:;?;t 1915 (3.1061.—718:858) 0.0?)1* 1.956 (3.2275.?17;514) 0.0?)1* 1.792 (2.6866.?10:;).405) 0.0?)1* 1.556 (2.13§?f£534) 0.0T)I*

B = regression coefficient, OR = odds ratio, CI = confidence interval. Logistic regression analysis was used.

al (13) recommended the infusion of local anesthetic,
steroid, and hypertonic saline solution over 2 days.
Continuous infusion not only insures safety but also
produces a continuous flow of injectate at the site of
the inflammatory response. The injectate reduces the
inflammatory response, while the continuous flow
washes inflammatory material away from the inflamed
site, both of which produce successful outcomes (14).

Foraminal stenosis seen on MRI is an indication for
surgical treatment of the cervical spine (15). An unsatis-
factory surgical outcome might result from insufficient
relief of the foraminal stenosis (15). Before visiting our
clinic, 46 patients were recommended to have surgery,
of whom 20 (43.5%) had successful outcomes; only 3
patients underwent surgical treatment after the cervi-
cal epidural neuroplasty. Cervical epidural neuroplasty
is a good non-invasive treatment option before at-
tempting surgical treatment.

Using an interlaminar approach during cervical
epidural steroid injection, ventral epidural spread of
contrast was achieved in 28% of the cases (16). The
effectiveness of percutaneous adhesiolysis can be re-
duced by scar formation interfering with the spread

of the injectate (17). However, the severity of epidural
fibrosis is not correlated with pain or disability scores
(18). While Moon et al (2) observed inferior outcomes in
patients with foraminal stenosis, there was no correla-
tion between foraminal stenosis and a poor outcome.
Contrast runoff was seen in the fluoroscopic images
of 63.6% of the patients with foraminal stenosis. Suc-
cessful outcomes were more common in patients who
showed contrast runoff compared with those who did
not. We speculate that the flow of injectate through
the neural foramen, which appears as contrast runoff,
caused the preferable outcome of neuroplasty.

ConcLusION

Cervical epidural neuroplasty with contrast runoff
had a higher success rate than neuroplasty without
contrast runoff, even in the presence of foraminal ste-
nosis. The physical washout of inflammatory materials
through the foramen is considered necessary for suc-
cess. When performing cervical epidural neuroplasty,
contrast runoff needs to be present to insure a success-
ful outcome.
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