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Abstract

The aim is to provide a detailed procedure of a simple and 10-minute cervical nerve root block (CNRB)
under ultrasonic guidance, and to report the clinical outcomes, disorders, and complications. Records of
patients who had undergone CNRB, were reviewed under ultrasonic guidance at the hospital from 2010
through 2012. The procedure is described in detail. Arm and shoulder pain was evaluated by use of the
visual analogue scale (VAS). Forty-three patients agreed to undergo CNRB under ultrasonic guidance.
Nerve roots from C5 to C8 were affected in 41, and these nerve roots were readily distinguished. Two of
the 43 participants did not receive injections because impediments in visualizing the affected nerve root.
Of the 41 who received injections, radicular pain immediately disappeared in 39, who continued to feel
pain relief 1 month later. However, pain recurred in 15 patients (38%), of whom 11 underwent cervical
spine surgery. The rest of 24 patients felt sustained pain relief longer than 3 months after the injection,
significantly. Although one patient had recurrent radicular pain 10 months later, the pain could be con-
trolled by medication. At the final follow-up periods, 17.2 (10-24 months), the median VAS score of the
patients, 23 (0 to 71 mm), was significantly improvement (P = 0.001) in comparison to before injection
88 (range; 56-100). No complications occurred. The cervical nerve root block under ultrasonic guidance
simply, safely, and efficaciously decreased radicular pain for 17.2 months in 62% patients with intoler-
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able radicular pain.
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Introduction

The North American Spine Society (NASS) Evidence-
Based Clinical Guideline on the Diagnosis and Treat-
ment of Cervical Radiculopathy from Degenerative
Disorders? indicated that transforaminal epidural
steroid injections to effect cervical selective nerve
root block may be considered when patients suffering
from painful cervical radiculopathy resulting from
degenerative disorders have not benefited from
conservative therapy. Rathmell et al.? described this
procedure under the real-time fluoroscopic guidance
in 2004, and Cyteval et al.?’ described the procedure
under computed tomographic guidance.
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More recently, Lin et al.¥ reported that 11 (60%)
of 19 patients experienced pain relief sustained 16
weeks after transforaminal epidural steroid injec-
tions under fluoroscopic guidance, and Kim et
al.” reported that mean pain relief in 19 patients
was sustained through 16 weeks of follow-up after
injection under multislice computed tomography
(CT) under fluoroscopic guidance.

Narouze et al.? fluoroscopically confirmed that
needles injected under ultrasonic guidance were
properly targeted in 8 of 10 patients, whereas the
other 2 patients had critical vessels in the posterior
aspect of the foramen. In both these cases, the vessels
existed in the pathway of a needle correctly posi-
tioned under ultrasonic guidance. They concluded
that transforaminal epidural steroid injection under
ultrasonic guidance is feasible. Yamauchi et al.”
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reported that radicular pain score in 12 patients
significantly decreased from 65 (range, 46 to 80)
before injection to 25 (range, 3 to 31) at 24 hours
and 40 (range, 28 to 66) at 30 days after injection
under ultrasound guidance. Moreover some authors
considered various advantages of ultrasonic guidance
compared with fluoroscopic guidance, such as better
targeting of the nerve root, avoiding abnormally
situated blood vessels, and absence of radiation
exposure.®® However, there has been no report on
clinical outcome more than one year.

Here we provide detail about the procedure under
ultrasonic guidance accompanied by a narrated video,
and report on clinical outcomes, their disorders
and complications, due to transforaminal epidural
injections, after one year.

Materials and Methods

Patients who had undergone transforaminal injection
under ultrasonic guidance to effect cervical selec-
tive nerve root block at Aichi Medical University
Hospital from 2010 through 2012 were retrospectively
analyzed. The injection was considered when the
patient had shown no improvement after 2 months
of conservative therapy. If the effect of the injec-
tion was not sufficiently sustained for longer than
2 weeks, then the injection was repeated once or
twice. Patients with cervical myelopathy or any
cancer, including a benign intradural tumor, motor
palsy without sensory disturbance were excluded
as candidates for the injection.

Records were reviewed for patient sex, age, and
duration of presenting symptoms. The cervical
level responsible for pain was determined from
reviewing magnetic resonance imaging (MRI) and
CT scans for evidence of disc herniations or osteo-
phytes compressing a cervical nerve root. Arm and
shoulder pain before the first injection and 1 month
after the final injection was evaluated by use of the
visual analogue scale (VAS),” in which the patient
indicated the extent of pain on a 100-mm long
horizontal labeled “no pain” (0 mm) at one end
and “very severe pain” (100 mm) at the other end.

Results are expressed as the mean (SD). The
Friedman test was used for the evaluation of VAS
before and after the root block on the table presenting
results. Statistical data were processed using SPSS
software (version 16; SPSS, Chicago, Illinois, USA).
P value was set at < 0.05.

I. Study approval, informed consent, and funding

The study was approved by the institutional review
board of the Aichi Medical University Hospital, and
study subjects provided informed consent. This study
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did not receive any benefits from a commercial entity
related directly or indirectly to the subject of this
manuscript. The authors do not have any conflicts
of interest related to the materials or methods used
or the findings of this study.

II. Procedure

This outpatient procedure was done without specific
patient preparations. Patients, who were not sedated,
were placed lying down on the opposite side as the
radicular pain occurred onto an examining table
(Fig. 1A). The head and neck were set on a folded
towel and bent slightly to the side opposite to the
side of the radicular pain to facilitate visualizing
the targeted foramen.

Standing behind the patient, the surgeon (M.K.)
set an alcohol-wiped S- HFL38/13-6 MHz linear
probe (for carotid artery, Fig. 1B) attached to an
S-nerve ultrasound machine (SonoSite, Inc., Tokyo),
with the setting in normal mode, perpendicularly
to the neck (Fig. 1A). The surgeon determined the
location of and the trajectory to the nerve root in
two steps. In the first step, the surgeon obtained
an axial ultrasound image of common or internal

Fig. 1 A: Position of the surgeon and the patient during
selective nerve root block under the ultrasound. The
probe was set perpendicularly to the neck. B: X denotes
not to use the probes for the abdominal ultrasound or
echocardiography and O denotes that probe for the
carotid artery (center) was used.
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carotid artery on the same side (left or right) where
the injection was to be administered. In the second
step, by moving the probe posteriorly, the surgeon
identified the C5 to C7 nerve roots in an axial image
by the shapes of the transverse processes. The C5
and C6 transverse processes have obvious anterior
and posterior tubercles (Fig. 2A, B), whereas the
C7 transverse process has a rudimentary anterior
tubercle and a prominent posterior tubercle®?
(Fig. 2C, D). Thus, the C7 vertebral level is a key
landmark,'” which the surgeon located by moving
the probe slightly caudally.

The vertebral artery at C7 vertebral level is also
a landmark, where the C7 nerve root appears in
between the vertebral artery and the posterior tubercle
(Fig. 2C). The surgeon changed the ultrasound setting
to power Doppler mode to visualize blood flowing
through the vertebral artery at the C7 vertebral
level. Then the ultrasound setting was returned to
normal mode because power Doppler mode worsens
image resolution, and the probe was moved to the
cranial side to locate and inject the C5 or C6 nerve
root, or to the caudal side to locate and inject the
C8 nerve root. Then, with ultrasound again set in
power Doppler mode, the surgeon determined if a
blood vessel was abnormally situated around the
targeted nerve root so as to avoid an intravascular
injection. If a blood vessel was abnormally situated,

the surgeon discontinued the procedure instead of
continuing to insert the needle.

The skin was wiped with an alcohol antiseptic,
and under ultrasonic guidance with the ultrasound
setting in normal mode, the surgeon gently inserted
a 70-mm 22-gauge needle (TERUMO, Co., Tokyo)
toward the nerve root located at the inside of the
posterior tubercle. When the tip of the needle
slightly struck the targeted nerve root with the
needle angle between 30 degrees and 45 degrees, the
surgeon verified that the patient felt radiating pain
at the affected area (Fig. 2E). After confirming that
blood or cerebrospinal fluid had not aspirate into
the syringe, the surgeon slowly injected 2 mL of a
mixture of 1.5 mL of 1% lidocaine and 0.5 mL (2 mg)
of injectable betamethasone sodium phosphate.
Finally, the needle was removed and light pressure
was applied to the injection site for 2 minutes. (See
the video: http://youtu.be/KdQvD{q23C8)

The entire procedure took about 10 minutes. The
patient remained on bed, under rest, for 30 minutes.

Results

Review of records revealed that 43 patients agreed
to undergo transforaminal steroid injections under
ultrasonic guidance at Aichi Medical University
Hospital from 2010 through 2012 (Table 1). Of
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Fig. 2 A: Axial ultrasound image showing the C6 nerve root (C6) in between the posterior and anterior tubercles.
B: Computed tomographic scan at level C6 showing between the posterior (*) and anterior tubercles (**) from the
same angle as ultrasound imaging in A. C: Axial ultrasound image showing the C7 nerve root in between the verte-
bral artery (VA) and the posterior tubercle (*). D: Computed tomographic scan at C7 level showing the posterior (*)
tubercle from the same angle to ultrasound imaging in C. E: Axial ultrasound image showing the 22-G needle was
inserted toward the C6 nerve root. Two dotted lines indicating the needle angle between 30 degree and 45 degree.
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Table 1 Patient demographics (n = 43), injection for
cervical nerve root, and the success rate of injection

Characteristic Number
Age y (median; range) 49 (39-62)
Sex (M/F) 24/19
Duration of symptoms, 3-26
months (range) 17.2 (10—24)

Post-injection follow-up
period, months (range)

Injection for cervical Fail/Success (n) Success rate

nerve root
C5 0/3 100%
C6 0/19 100%
C7 19/18 94.4%
C8 15/3 66.7%
Total 2/43 95.3%

TPatient had undergone anterior cervical discectomy and
fusion with a titanium cage few years previously. The inabili-
ty to visualize the C7 nerve root by ultrasound was an artifact
of the presence of the titanium cage or surgical scar. SAn injec-
tion at the C8 nerve root was not done because the patient was
fat with a short neck, and the C8 nerve root was adjacent to the
subclavian artery. F: female, M: male.

these, 41 received 76 injections. Nineteen partici-
pants received a second injection when pain relief
was not sustained beyond 2 weeks, and 8 patients
received a third injection. Two patients did not
receive any injection.

Of the 41 who received injections, radicular pain
immediately disappeared in 39. Before the injection,
the median VAS score for these 39 patients was 88
(56 to 100) mm. One month after the injection, all 39
continued to feel pain relief, when the median VAS
score was 28 (10 to 78) mm (P = 0.001 compared
to before injection).

After 1 month, VAS scores were obtained in 39
patients, pain recurred in 15, of whom 11 underwent
cervical spine surgery. The other four declined to
undergo surgery, electing instead to take medication
for pain. At 3 months the median VAS score of the
24 patients (62%), 36 (0—-83 mm), was statistically
significant (P = 0.001) from the score before injection.
They felt sustained pain relief longer than 3 months
after the injection. Although one patient had recurrent
radicular pain 10 months later, some administra-
tions satisfied him. At the final follow-up periods,
17.2 (10-24 months), the median VAS score of the
patients, 23 (0-71 mm), was significantly improved (P
= 0.001) in comparison to before injection (Table 2).

In the 11 patients who underwent cervical spine
surgery, at final follow-up, the median VAS score
13 (0 to 27 mm) was significantly improved (P =
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Table 2 VAS scores before and after injection

VAS
. Pzefo.re After After Final period
injection 1 month 3 months
88 28* 36* 23*
(56—100) (10-78) (0-83) (0-71)

*: VAS score significantly decreased in comparison to before
injection (P = 0.001, Friedman test). VAS: visual analogue scale.

0.001) compared to the initial VAS score.

When two patients did not experience immediate
pain relief after injection for C7 nerve root, we
suspected that pain was not caused by cervical
radiculopathy. They were diagnosed as cerebrospinal
fluid hypovolemia in one patient and thoracic outlet
syndrome in the other patient in other departments.

A needle smaller than 22 gauge was too narrow
for detecting the needle’s direction and angle. Tech-
nical complications such as vertebral perforation,
vessel injury, cerebrospinal fluid leak, or spinal
cord injury did not occur.

Discussion

We found that transforaminal injection under ultra-
sonic guidance to effect cervical selective nerve root
block statistically significantly and safely decreased
radicular pain for 17 month after injection. Although
the pain recurrence was observed in 15 patients
(38%) between 1 month and 3 months and 11
patients underwent the cervical surgery, 24 (62%)
of the 39 patients felt sustained pain relief longer
than 17 months. Consequently, patients obtained
sufficient pain relief within 10 minutes after injec-
tion, an important consideration for patients in
severe pain who might have to wait few weeks
for surgery. We conclude that transforaminal injec-
tion under ultrasonic guidance is worthwhile for
patients who have not had effective drug treatment
or physical therapy.

Although Ma et al.'? reported minor complica-
tions in 14 (2%) and no catastrophic complications
in 844 patients who received 1,036 fluoroscopically
guided transforaminal epidural steroid injections.
Furman et al.®® reported vertebral artery injury,
and Baker et al.'¥ reported spinal cord injury upon
cervical transforaminal epidural steroid injections. In
contrast, transforaminal epidural steroid injections
for selective cervical nerve block under ultrasonic
guidance facilitated identifying critical vessels at
unexpected locations relative to the intervertebral
foramen and vertebral artery.? Similarly, Jee et al.?)
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stated that ultrasonic guidance may facilitate
identifying critical vessels at unexpected locations
relative to the intervertebral foramen and avoiding
injury to such vessels. Our study did not find any
complications. Therefore, transforaminal epidural
injections under ultrasonic guidance are safer than
injections under fluoroscopic guidance. We confirm
three important permissions to avoid some severe
complications. First, the linear probe for the carotid
artery should be used. Second, we must identify the
specific C7 level. If you were able to find it, you
would have better abandon the cervical nerve root
block under the ultrasound. Third, the 70-mm 22 G
needle should be used.

Use of ultrasonic guidance can avoid radia-
tion exposure under fluoroscopic guidance to the
patient, especially if injections are repeated, and to
the surgeon. We are unaware of a report detailing
radiation exposure during transforaminal epidural
steroid injections under fluoroscopic guidance to
effect cervical nerve root block. However, Kumar and
Gowda' reported a mean duration of 28 seconds
of radiation exposure for cervical foraminal selec-
tive nerve block under fluoroscopic guidance, and
Kim et al.'® computed an effective radiation dose
for an average lumbar epidural steroid injection
of 0.93 mSv during fluoroscopic exposure of 41
seconds. Therefore, given an average duration of
fluoroscopic exposure of 28 seconds, we guessed
that the effective radiation dose was about 0.64
mSv for a typical transforaminal cervical injection
under fluoroscopic guidance.

Done under CT guidance, transforaminal cervical
injections incur less radioactive exposure than when
done under fluoroscopic guidance. Shepherd et al.?”
reported an estimated mean radiation exposure
during CT-guided cervical spine injections of 1.1
mSv, with minimum effective dose of only 0.17 mSv.
Miller et al.’® reported a mean radiation exposure
of 0.51 mSv. Even though radiation exposure under
CT guidance is less than that under fluoroscopic
guidance, radiation exposure still occurs. The
radiation-sensitive thyroid grand is nearby the C6
or 7 nerve roots, and the effective dose for a neck
CT presented is 3 mSv.*” Thus, if the transforaminal
cervical injections under CT guidance were done
6 times in the same patient, the effective radiation
will reach 3 mSv, the same as a neck CT.

We could not complete injection under ultrasonic
guidance in two of the 26 patients because the nerve
root could not be detected. One of these two patients
had a titanium cage inserted from previous surgery,
which interfered with visualizing the C7 nerve root
under ultrasonic guidance. The other patient was
fat with a short neck, and the C8 nerve root was

adjacent to the subclavian artery. Martinoli et al.??
were able to visualize nerve roots from C4 to C7
under ultrasonic guidance in all 20 healthy subjects
they examined. However, they could visualize the
C8 nerve root in only 16. They also reported that
the C8 nerve root, which is at the cervicothoracic
junction, is too caudad and deep, especially in
subjects with thick, short necks, and therefore it
was difficult to find. Nakagawa et al.'¥ discussed
the possibility that it might be difficult to identify
the C8 nerve root because of the deep depth of its
location. Thus, injections under ultrasonic guidance
might not be successfully completed in fat patients
with short neck.

Although transforaminal cervical epidural steroid
injections under ultrasonic guidance benefited
patients who had suffered from severe radicular
pain unresponsive to conservative treatment, the
use of ultrasound is not popular among spine
surgeons or neurosurgeons. Accordingly, we included
a detailed procedure. We are unaware of any
other presentations of the transforaminal cervical
epidural injections under ultrasonic guidance with
clinical outcome in more than 1 year. Finally, we
persistently considered that the indication of this
procedure was a part of conservative therapies to
avoid the cervical spine surgery for the cervical
radiculopathy.

In conclusions, if use of this simple, safe, and
efficacious procedure becomes widespread, patients
with intolerable radicular pain would benefit. Further-
more, injecting these injections under ultrasonic
guidance would allay concerns about targeting the
responsible level causing the radicular pain, such as
distinguishing between the C6 and C7 levels. There-
fore, we believe that it is essential for surgeons and
other physicians to learn well about this procedure
before suggesting to patients.
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