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Purpose: Cervical transforaminal epidural blocks (CTEBs) are useful for the treatment of
cervical radicular pain. However, during CTEBs, inadvertent intravascular injection can
introduce particulate steroids into the bloodstream, thus leading to serious complications.
Moreover, the risk factors associated with intravascular injection during CTEBs have not
been identified. Cervical neural foraminal stenosis (CNFS) is a form of neural foraminal
narrowing and a common cause of cervical radicular pain. In this study, we aimed to identify
whether there is a correlation between the incidence of intravascular injection during CTEB,
pain intensity, and the degree of CNFS.

Patients and Methods: A total of 126 patients were recruited. The patients were classified
into two subgroups (group M and group S) based on the routine cervical T2-weighted axial
magnetic resonance imaging (MRI) findings. Group M (n = 63) consisted of moderate CNFS
patients, while group S (n = 63) consisted of severe CNFS patients. The occurrence of
intravascular injection during CTEB was established using real-time fluoroscopy. The intra-
vascular injection was determined by the spreading of the contrast medium through the
vascular channel during the injection. Additionally, pain intensity was scored using
a Numeric Rating Scale (NRS) before the procedure and 1 month after the procedure.
Results: There was no significant difference in the incidence of intravascular injection during
CTEB between group M and group S (41.3% vs 39.7%, respectively; p = 0.99) and in the NRS
scores before and 1 month after CTEB. However, both groups showed a significant decrease in
the NRS scores at 1 month after the procedure compared with that before the procedure.
Conclusion: The degree of CNFS does not affect the incidence of intravascular injection
during CTEB. Regardless of whether patients have moderate or severe CNFS, caution should
be exercised during CTEB procedures.
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Introduction

Cervical transforaminal epidural block (CTEB) is a useful treatment option for
cervical radicular pain.' > Kim et al® demonstrated that the transforaminal epidural
steroid injection can be a beneficial clinical option for managing radicular pain due
to cervical foraminal stenosis. In their study, they reported that, out of 53 patients,
37 (69.8%) showed successful treatment outcomes. However, the accidental intra-

vascular injection of particulate steroids during CTEB can cause serious
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complications, including embolic infarction. During
CTEB, an inadvertent injection of particulate steroids to
the basilar artery can lead to embolic infarction of the
midbrain, pons, cerebellum, thalamus, temporal, and occi-
pital lobes. Additionally, an inadvertent injection of parti-
culate steroids to the vertebral artery can lead to spinal
cord, brain stem, and cerebellar strokes.”® Inadvertent
intravascular injection occurs more frequently during
CTEB than with other kinds of spinal transforaminal epi-
dural blocks, with an incidence rate of 19.4-63.4%.'0°12
Furthermore, it is important to identify the associated risk
factors to avoid complications due to intravascular injec-
tion during CTEB.

Cervical neural foraminal stenosis (CNFS) is neural
foraminal narrowing caused by facet hypertrophy, degen-
erative osteophytes, or posterolateral disk herniation.® It is
a common cause of cervical radicular pain. The structure of
the neural foramen includes the spinal nerve root, segmental
spinal artery, intervertebral veins, and recurrent meningeal
nerves. Morikawa et al'> demonstrated that degenerative
disk disease with spinal stenosis could influence the dia-
meter of spinal epidural vein. However, until now, there is
no study on the correlation between intravascular injection
rate and degree of neural foraminal stenosis. We hypothe-
sized that foraminal stenosis could result in compression of
the blood vessels based on the degree of foraminal stenosis.
Therefore, the degree of CNFS could affect the incidence of
intravascular injection during CTEB.

In a previous study, Lee et al'* demonstrated that the
degree of CNFS was relatively highly correlated with clinical
manifestation. However, Kim et al® retrospectively assessed
pain intensity and treatment outcomes of CTEB based on the
degree of CNFS. Furthermore, they demonstrated that CTEB
had successful treatment outcomes for CNFS-induced radi-
cular pain. However, the degree of CNFS did not affect pain
intensity. Additionally, in the literature, no prospective study
to date has investigated the pain intensity before and after
CTEB based on the degree of CNFS.

Thus, this study aimed to determine whether there are
any correlations between the incidence of intravascular
injection during CTEB, pain intensity before and after
CTEB, and the degree of CNFS.

Materials and Methods

Participants
A total of 126 CTEB recipients were examined between
October 2018 and September 2019. The inclusion criteria for

this study included patients over 18 years of age with CNFS,
identified by magnetic resonance imaging (MRI), and cervical
radicular pain that had persisted following a single cervical
interlaminar epidural block. The exclusion criteria included
rejection of our participation request, allergy to the contrast
media, presence of peripheral neuropathy, spondylolisthesis, or
cervical myelopathy, pregnancy, history of cervical spine sur-
gery, and persistent contraindication for a neural blockade,
such as coagulopathy or infection at the injection site.

The participants were classified into two subgroups
(group M and group S) based on routinely obtained, cer-
vical T2-weighted axial MRI findings, as previously
described by Park et al (Figure 1)."> Group M consisted
of participants with moderate CNFS (in which the narrow-
est width of the neural foramen was <80% of the extra-
width but > 50% of the
extraforaminal nerve root width at the level of the anterior

foraminal nerve root

margin of the superior articular process). Group
S consisted of participants with severe CNFS (in which
the narrowest width of the neural foramen was < 50% of
the extraforaminal nerve root width). A total of 63 parti-

cipants were included in both group M and group S.

Study Design and Treatment

This was a prospective observational study approved by
the Institutional Review Board of Kyungpook National
(KNUH 2018-06-009-001). The
study was conducted in accordance with the tenets of the

University Hospital

Declaration of Helsinki. All participants provided written
informed consent before enrollment. This study was regis-
tered with the ClinicalTrials.gov (NCT04071483).

The CTEB was performed by a physician and observed
by three other physicians involved in the study. CTEB was
aseptically performed using fluoroscopic guidance using an
89 cm, 25 G spinal needle (Hakko Co., Chikuma-shi,
Nagano-gen, Japan). Participants were placed in a supine
position on a fluoroscopy table, and the fluoroscope (Ziehm
Vision, Ziechm Imaging, Nuremberg, Germany) was rotated
between 45° and 55° obliquely to the ipsilateral side to
allow for visualization of the neural foramen with maxi-
mum transverse width. The curved spinal needle was
advanced toward the posterior aspect of the intervertebral
foramen until the tip reached the superior articular process
at the division between the caudal and middle thirds. The
needle was advanced 2-3 mm into the foramen, no further
than halfway across the facet column, with an anteroposter-
ior fluoroscopic view. Finally, the needle position was con-
firmed using biplanar fluoroscopy using 2 mL of a nonionic
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Figure | Grading of cervical neural foraminal stenosis (CNFS) using T2-weighted axial magnetic resonance imaging (MRI) of the cervical spine. (A) CNFS was defined as
moderate when the narrowest width of the neural foramen was <80% of the width of the extraforaminal nerve root but > 50% of the width of the extraforaminal nerve
root. (B) CNFS was defined as severe when the narrowest width of the neural foramen was < 50% of the width of the extraforaminal nerve root.

contrast medium (Omnipaque 300, GE Healthcare, Little
Chalfont, Buckinghamshire, UK) injected at a rate of
0.5 mL/sec under real-time fluoroscopy (RTF). The intra-
vascular injection was determined based on whether the
contrast medium spread through the vascular channel. If
the intravascular injection occurred, further injection of
local anesthetics and steroids was aborted. Furthermore,
we performed cervical epidural percutaneous neuroplasty
for these patients. If the intravascular injection did not
occur, 3 mL of 0.5% lidocaine in 10 mg of dexamethasone
was injected. Finally, only patients with CTEB were
enrolled in the pilot study for the further Numeric Rating
Scale (NRS) assessment.

Sample Size
In the pilot study, the incidence of intravascular injection
in participants with moderate CNFS was 50%. A 50%

reduction in the incidence of intravascular injection with
severe CNFS was considered clinically meaningful. The
sample size was estimated based on the requirement of
Type I and II errors being <0.05 and <0.20, respectively.
Allowing for a 10% dropout rate, a total of 63 CTEB cases
were required for each group.

Statistical Analysis

The data on age, sex, height, weight, site of injection, and
injection level were recorded for each participant. Data
were analyzed using the Statistical Package for the
Social Sciences v. 25.0 (IBM Corporation, Armonk, NY,
USA). The continuous variables of age, height, and weight
were compared using independent #-tests. The categorical
variables of gender, site of injection, injection level,
degree of CNFS, and incidence of intravascular injection
were compared using chi-square tests. The influence of
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each factor on intravascular injection was examined by
logistic regression analyses, and the adjusted odds ratio
(OR) and 95% confidence interval (CI) were calculated.
A p-value of <0.05 was considered statistically significant.

Results

A total of 126 participants with a mean age of 52.7 years
(range = 28-81 years) were included in the study. Table 1
presents the demographic characteristics of the study parti-
cipants. No significant differences were observed in demo-
graphic or clinical characteristics between the two groups.
Table 2 presents the incidence of intravascular injection in
each group. No significant difference was observed in the
incidence of intravascular injection between the moderate
and severe CNFS groups (41.3% vs 39.7%, respectively; p =
0.99). Table 3 shows the adjusted ORs and 95% ClIs for each
variable’s relation to the intravascular injection rate. The
incidence of intravascular injection was not affected by

Table | Demographic and Clinical Characteristics of the Study
Participants

Variables Value
Group Group p-value
M (n=63) | S(n=63)
Age (years) 52.1 = 12.1 533+ 118 | 047
Height (cm) 164.0 £ 7.5 165.0 £ 82 | 0.45
Weight (kg) 61.7 £10.2 64.8 £+ 9.5 0.08
Male 30 (47.6%) 35 (55.6%) 0.48
Female 33 (52.4%) 28 (44.4%) 0.48
Site of injection (left/right) | 26/37 24/39 0.86
Injection level (C5/C6/C7) | 26/28/9 18/29/16 0.20

Notes: Data are presented as the mean * standard deviation or the number and
percentage (%). Group M consisted of participants with moderate cervical neural
foraminal stenosis (CNFS). Group S consisted of participants with severe CNFS.
The total number of participants (N) was 126. A p-value of <0.05 was considered
statistically significant.

Table 2 Incidence of Intravascular Injection During Cervical
Transforaminal Epidural Block (CTEB) According to Cervical
Neural Foraminal Stenosis Severity

Variables Value
Group Group S (n | p-value
M (n=63) | =63)
Number of intravascular 26 (41.3%) 25 (39.7%) 0.99
injections (%)

Notes: Data are presented as numbers and percentages (%). Group M consisted of
participants with moderate cervical neural foraminal stenosis (CNFS). Group
S consisted of participants with severe CNFS. The total number of participants
(N) was 126. A p-value of <0.05 was considered statistically significant.

Table 3 Odds Ratios (OR) and 95% Confidence Intervals (Cl) of
the Intravascular Injection Rate Variables

Variables OR 95% CI of OR
Sex

Male 1.00 -

Female I.15 0.88-1.52
Age 0.97 0.95-1.02
Height 1.0l 0.97-1.05
Weight 1.0l 0.98-1.05
Side of injection

Right 1.00 -

Left 1.02 0.68-1.49

age, gender, height, weight, or site of injection.

Furthermore, there were no adverse events in either group.

There was no significant difference in pain intensity
scores assessed using the NRS between group M and
group S before the procedure (6.14 + 1.7 vs 6.05 + 2.0,
respectively; p = 0.784) or one month after the procedure
(3.58 £ 2.3 vs 3.14 £ 2.2, respectively; p = 0.264).
However, both groups showed a significant decrease in
the NRS scores at 1 month after the procedure compared
with that before the procedure. However, the intergroup
changes over time were not significantly different
(Figure 2). Furthermore, there were no adverse events in
either group.

Discussion

No significant difference in the incidence of intravascular
injection during CTEB was observed between the moder-
ate and severe CNFS groups. Additionally, no significant
difference in pain intensity was observed between the two
groups before the procedure or one month after the
procedure.

The CNFS is a disorder characterized by narrowing of the
intervertebral foramen. The resulting nerve compression and
inflammation frequently cause cervical radicular pain.’
Several methods have been proposed for the grading of
CNFS severity.">”'7 In this study, the severity of CNFS was
assessed using T2-weighted axial MRI scans, as described by
Park et al.'® Using this method, a remarkably high correlation
has been demonstrated between clinical observation and
severity grading. The approach provides reliable and repro-
ducible CNFS diagnoses.'*

Our results showed that intravascular injection rates were
not correlated with CNFS severity. This result was in

3020

Dove!

Journal of Pain Research 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Kim et al

score

10
9
8
7
6

before procedure

NRS
7

B Group M B Group S

*
I*

after 1 month

Figure 2 Changes in Numeric Rating Scale (NRS) scores. Both group M (moderate CNFS) and group S (severe CNFS) showed significantly decreased NRS scores at one
month after cervical transforaminal epidural block (CTEB) compared with pretreatment baselines. However, the intergroup changes over time were not significantly different

(*p < 0.05).

contrast to our expectation that the degree of CNFS could
affect the incidence of intravascular injection during CTEB.
Even though the degree of CNFS was severe, its effect was
not significantly different from that in moderate degree
stenosis. Therefore, regardless of the extent of the CNFS,
care should be taken when conducting CTEB procedures.

To the best of our knowledge, this is the first study to
assess the risk factors associated with intravascular injec-
tion during CTEB. In addition to the primary finding that
the incidence of intravascular injection during CTEB was
unaffected by the degree of CNFS, we also established that
age, gender, height, weight, and side of injection do not
affect the incidence of intravascular injection. This result
is consistent with a previous study that assessed intravas-
cular injection during transforaminal epidural blocks at all
spinal levels, including the cervical, thoracic, lumbar, and
sacral levels. In line with our findings, there were no
associations in this research between intravascular injec-
tion and age, gender, body mass index, diagnosis, injection
level, side of injection, history of spinal surgery at the
targeted level, or the number of injections at the target
site.'”

Several methods have been proposed to reduce the risk
of intravascular drug injection during CTEB, including the
use of contrast agents with RTF or digital subtraction
angiography (DSA),'® the use of blunt rather than sharp
needles,' evaluation of axial T2-weighted MRI data
before the procedure,” and the application of test doses

of local anesthetic.?' Injecting the contrast agent with RTF
is considered an important method for detecting intravas-
cular injection. DSA has been shown to be more sensitive
for detecting vascular uptake.'® However, Jeon et al*
reported that using DSA in cervical transforaminal epi-
dural injection is not beneficial compared to RTF.
Therefore, in this study, we used RTF to detect intravas-
cular injection. Furthermore, to prevent intravascular
injection when treating cervical stenosis-induced radicular
pain with CTEB, we recommend alternative procedures,
such as interlaminar epidural injections®> and epidural
percutaneous neuroplasty.**

No significant difference in pain intensity based on the
degree of CNFS was observed. Therefore, it can be con-
cluded that there is no association between the degree of
CNFS and the degree of pain intensity. In a previous study,
Stafford et al*® demonstrated that the mechanical compres-
sion of a nerve root without inflammation could result in
neurological deficits rather than radicular pain. Therefore,
inflammation at the nerve root played an important role in
initiating processes resulting in radicular pain. The degree
of inflammation, not the degree of foraminal stenosis, was
thought to be a major factor influencing the intensity of
radicular pain.® We also found that, regardless of the
degree of the CNFS, participants’ pain was reduced, and
there was no difference in the treatment outcomes of
CTEB between the moderate and severe CNFS groups,
which is consistent with a previous study by Kim et al.®
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There are several limitations to this study. First, we
were unable to determine whether intravascular injections
occurred via arteries or veins. This has also been an issue

10.22.26 which have also been unable to

in previous studies,
define the vascular contrast spreading patterns as venous
or arterial during transforaminal epidural blocks. This is
because the patterns are ambiguous, despite the use of RTF
or DSA. Second, we assessed each patient's pain intensity
at only one-time point, one month after the procedure;
therefore, the long-term effects of CTEB based on the
degree of CNFS remain unknown. Finally, although we
ran a power analysis based on the effect size observed in
a small pilot study to ensure the sample sizes were large
enough, the sample size was small and the study was
performed in a single center. Therefore, to validate our
results, multicenter studies and sufficiently powered repli-
cations are needed.

Conclusion

In conclusion, our findings show that the degree of CNFS
does not affect the incidence of intravascular injection.
Furthermore, good anatomical knowledge of the vertebral
vessels is essential to avoid intravascular injection during
CTEB. It is also important to use a contrast medium with
RTF, to start with a test dose of the local anesthetic, and to
use nonparticulate steroids. However, serious complica-
tions have been reported even when such precautions
have been taken. Therefore, regardless of whether patients
have moderate or severe CNFS, it is vital that caution be
exercised during CTEB procedures.
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