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Abstract: Ultrasound-guided cervical nerve root block is the technique of injecting local
anesthetic or steroid into the intertubercular groove outside of the cervical foramen under
real-time ultrasound guidance. It has established diagnostic and therapeutic employment for
patients suffering symptoms caused by cervical disc disorders and foraminal stenosis.
Measures of selective nerve root blockade would have vital clinical utility, especially in
multilevel disease or combined with atypical symptoms, where subjective assessment is
difficult. This case reported a 47-year-old male patient who suffered from severe radicular
pain confined to the index and middle fingers, with weakness of the right upper extremity. He
was successfully treated with selective C6, C7 nerve root under ultrasound guidance. For
confirmation of the proper analgesia range, laser speckle contrast imaging (LSCI) and
infrared thermography (IT) were both constructed over the dorsum of the hands and forearms
during the procedure. The results of the off-line analysis suggested LSCI and IT might be
considered as alternative measurements for the selective cervical nerve root.

Keywords: selective nerve root block, laser speckle contrast imaging, infrared
thermography, ultrasound guidance

Introduction

Cervical radicular pain, which nearly 1 per 1000 members of the adult population suffer
from," manifests as pain shooting down the corresponding sensory domination areas of
the neck or upper limbs. With a progressive water content decline of the intervertebral
discs, greater forces are born by lateral disc herniation or foraminal stenosis, resulting
in the irritation of cervical spinal nerve roots (CNRs) when exiting from the inter-
vertebral foramen.? Although the clinical syndromes of the neck or upper extremities
differ, the irritated nerve roots could explain part of the reason. In addition, the utility
and efficacy of therapeutic selective nerve root block (SNR) for cervical radicular pain
have been supported.®* The ultrasound-guided selective cervical nerve root injection
was described by Narouze et al in 2009, which was considered an alternative treatment
for cervical radiculopathy since then.” Although it was routine to apply the pinprick and
cold sensation tests or rely on self-reported pain relief to evaluate the outcomes of nerve
root block, these subjective tests are sometimes unreliable or have existing personal
bias, particularly in elderly patients with deficient cognitive ability, or those who have
abnormal psychology.
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Laser speckle contrast imaging (LSCI) and infrared
thermography (IT) are both large-field, noninvasive mea-
surements of perfusion and unbiased by the operator,
which show excellent value for skin microcirculation.
With high time and space resolution, LSCI, which has
been employed in various life science subjects, offers
a real-time and contactless evaluation of blood flow over
a large field.*” As for IT, this technique can construct
a two-dimensional map on the basis of the temperature
differences across regional surfaces of the body.” To the
best of our knowledge, there is still no universal standard
to measure the effect of SNR on the corresponding derma-
tome. Firstly, this case was undertaken to assess the ther-
apeutic effect and pain relief after the sequential C7, C6
nerve root block for cervical radicular pain. Then, through
the description of the changes in the blood flow index
(BFI) and skin temperature (T) in the distal upper limb,
we would like to get a glimpse of the feasibility of LSCI
and IT to evaluate the clinical outcomes of selective nerve
root block.

Case Report

A 47-year-old male with a more than 2-year history of
chronic radicular pain was admitted to our pain depart-
ment. He complained about the catastrophic pain confined
to his right index and middle fingers, with weakness of the
right upper extremity. The pain was mainly characterized
by a pricking, burning sensation (paresthesia), or electric
shock-like pain sometimes. He described his pain as 8/10
based on the VAS. As the pain became progressively
worse, there were other symptoms such as irritation and
headache. Physical exercise treatment and nonsteroidal
anti-inflammatory agents were administered to the patient,
yet his pain did not relieve.

Procedure

The publication of case details was approved by the Ethics
Committee of Tongji Hospital, Tongji Medical College
(number TJ-IRB20190424). Written informed consent
was also provided by the patient before the study com-
mencement. He also signed the agreement on publication
of his case details, physical examination results and
accompanying images during the procedures.

On arrival in the treatment room, the intravenous
access, noninvasive blood pressure and pulse oximetry
were established at the lower extremity. The patient's
vital signs and the cervical block site were checked over
and after the treatment to exclude

time during

pneumothorax or vascular puncture. Especially, images
of both upper limbs were obtained by LSCI and IT
cameras.

For Nerve Root Blockade

The patient was placed in the supine position on the
operating table. The head was rotated slightly toward the
contralateral side to obtain a better operating condition.
A soft pillow was placed beneath the ipsilateral shoulder.
The high-frequency probe (SonoSite M-Turbo; SonoSite
Inc., Bothell, WA, USA) was placed transversely to the
lateral aspect of the neck to obtain a transverse axial view
after preparation of the neck skin with povidone—iodine
solution. Strict aseptic operations were carried out
throughout. In this ultrasonography view, cervical nerve
roots could be identified between the posterior and anterior
tubercles by moving the transducer either upward or
downward, except for the seventh cervical nerve root.
The seventh cervical (C7) transverse process was distin-
guished from the other processes by having a prominent
posterior tubercle and a rudimentary anterior tubercle.
Since we were unable to figure this small tubercle out in
ultrasonography sometimes, the transverse process of C7
was usually exhibited as a larger posterior tubercle ending
in a smooth down-sloping contour anteriorly. Depending
on only this sonography feature, the seventh spinal level
was readily distinguished from those of the upper conse-
cutive vertebras (Figure 2A). Then, moving the probe
cranially, it was easy to visualize the transverse process
of the sixth cervical vertebra with its characteristic sharp
anterior tubercle and posterior tubercles (Figure 2B). The
C7 nerve root appeared as a hyperechoic structure bor-
dered by the isolated posterior tubercle, while the C6 root
was a hypoechoic structure held between the posterior and
anterior tubercles. Once the appropriate spinal level was
identified in the transverse axial view, a 22-gauge needle
was slowly advanced toward the target corresponding cer-
vical nerve root with an in-plane technique, from posterior
to anterior, under real-time ultrasound guidance.® Once
careful aspiration with a syringe did not reveal any blood
or cerebrospinal fluid, mixed solution (2.5 mL) was
injected at the two nerve root sites, respectively. This
solution was composed of 10 mL normal saline, 0.15 mg
ropivacaine, 0.25 mg mecobalamin and 5 mg dexametha-
sone. The blockade of the C7 nerve root was accomplished
first, and then the blockade of the C6 nerve root. The
procedure flow chart is shown in Figure 1C.
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For Measurements the thermal camera and 30 cm vertically away from the LSCI
Upon arrival, the patient was allowed 20 min to rest comfor- ~ camera (Figure 1A). The images of dorsal hands were
tably in the supine position to acclimate the surroundings obtained four times with the LSCI and IT cameras simulta-
before all the measures. The operating room temperature  neously. Changes after the C7, C6 nerve root block were
was maintained at 24 °C. The patient’s hands were put on  imaged simultaneously for 3 min by LSCI at 20 frames
a thermally insulated surface, approximately 45 cm away from  per minute, the same as by IT (ie, contemporaneous image
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Figure | (A) Photograph of the imaging equipment set up to allow simultaneous imaging, showing laser speckle contrast imaging (LSCI) and infrared thermography (IT). (B)
Photograph of the cutaneous innervation of the distal upper limb, showing the regions of interest. ROls, regions of interest performed on the nail bed; rois, regions of
interest on skin just proximal to the fingers. (C) Procedure flow chart.
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Figure 2 Ultrasound images for the C7 and C6 selective nerve blocks, the needle direction shown by the arrow. (A) C7 selective nerve block. (B) Cé selective nerve block.
VA, vertebral artery; C7, the seventh cervical nerve root; C7P, posterior tubercle of the seventh cervical transverse process; C6A, anterior tubercle of the sixth cervical
transverse process; Cé, the sixth cervical nerve root; C6P, posterior tubercle of the sixth cervical transverse process.

Journal of Pain Research 2020:13 submit your manuscript 2579

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhang et al

Dove

acquisition for 3 min every time). Off-line analysis of the
images was performed by the laser speckle blood flow ima-
ging system (SIM BFI-WF; SIM Opto-Technology Co., Ltd,
Wuhan, China), expressed as perfusion unit (PU), and a self-
contained system (IRBIS™ 3 plus; InfraTec, GmbH, Germany)
for IT in degrees Celsius (°C). Regions of interest were per-
formed on the nail bed of the fingers or skin just proximal to
the fingers. C(ron), region on the nail bed of the fingers on the
contralateral side. Cy), region on the skin just proximal to the
fingers on the contralateral side. Aror), region on the nail bed
of the fingers on the blocked side. A i), region on the skin just
proximal to the fingers on the blocked side (Figure 1B). We
arbitrarily defined the following time points: t,, the baseline
value (3 min before nerve root block). t;, 3 min after the C7
block. t,, 3 min after the C6 block. t;, 20 min after all the
procedure. The patient's symptoms were also recorded after
each image was obtained (Figures 1C and 3).

Results
There was no pneumothorax or vascular injury manifesta-
tion after 1-hour observation. And the patient got almost

complete pain relief and reported no other discomfortable
symptoms. He was able to return to his previous full-time
work and did not complain of any severe adverse reaction
during a 6-month follow up.

Two series of typical diagrams are manifested in
Figure 3. The specific blocking of the C7 nerve root
resulted in a substantial increase of the BFI (Figure 4A)
and temperature (Figure 4B) in the innervated area (the
middle fingertip), and the BFI value of skin proximal to
the index finger increased as well. Data in the contral-
ateral did not increase. Similarly, the specific C6 nerve
root blockade markedly raised the BFI and temperature in
the area innervated by the C6 nerve root (the index
finger). In addition, the temperature of the middle finger-
tip increased by 0.6 °C, and the BFI value of the ring
fingertip slightly raised as well. Ultimate analysis (t3)
showed that the BFI value and temperature in ROIs
made a noticeable rise on the index and middle
fingers with no obvious increase in any other nerve root
area of dominance. And a supplementary photograph of

A: Typical diagrams imaged by laser speckle contrast imaging (LSCI)

Baseline image (tp) After C7 NB (t1)

After C6 NB (to)

Symptoms accessment (t3)

B: Typical diagrams imaged by infrared thermography (IT)

Baseline image (tp) After C7 NB (t1)

After C6 NB (t9) Symptoms accessment (t3)

Figure 3 Two series of typical diagrams imaged by laser speckle contrast imaging (LSCI) and infrared thermography (IT), respectively. (A) Dorsal hands imaged by the LSCI
at baseline, after C7 nerve block, after Cé nerve block. (B) Dorsal hands imaged by the IT at baseline, after C7 nerve block, after Cé nerve block.
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Table | Results of Reading from Images of Laser Speckle
Contrast Imaging and Infrared Thermography

Fingers Area Blood Flow Index (PU
to € t; t
The index Cron 106.4 90.25 76.21 85.86
Croi 237.97 237.32 240.82 245.48
Aol 93.10 143.74 133.63 159.02
Aroiy 236.03 248.13 27243 285.21
The middle Cron 82.66 78.24 73.05 84.49
Croi) 202.84 228.97 225.78 228.49
Aro 85.55 89.97 99.90 122.79
Aroiy 222.63 287.33 268.85 255.60
The ring Cron 74.70 70.43 67.08 76.46
Croi) 197.47 189.34 197.27 207.97
Aron 71.46 79.98 86.22 91.49
Aroiy 71.46 79.98 86.22 91.49
The little Croy 87.50 79.16 65.42 67.49
Croi) 159.64 150.51 139.31 143.33
Aron 71.20 80.51 93.67 83.03
Aroiy 137.39 130.93 126.78 151.73
Fingers Area Temperature (°C)
to ] t t3
The index Cron 35.56 34.39 3433 34.50
Croi) 35.86 35.49 35.72 35.78
Arol 35.84 3533 35.94 36.01
Aroiy 3551 35.76 35.95 36.32
The middle Cron 35.60 34.45 3451 34.72
Croiy 35.95 35.54 35.81 35.80
Aron 35.76 34.97 35.80 36.09
Aroiy 35.74 36.13 36.34 36.17
The ring Cron 36.09 35.83 35.64 35.84
Croi) 3643 35.78 35.95 35.82
Aroly 35.77 35.94 36.01 35.93
Aroiy 36.47 36.34 36.44 36.25
The little Croly 36.25 35.86 35.26 35.23
Croi) 36.47 35.89 36.15 35.95
Aroly 35.73 35.71 35.49 35.63
Aroiy 36.78 36.45 36.39 36.31

Abbreviations: Croy, region on the nail bed of the fingers on the contralateral
side; C(mi), region on the skin just proximal to the fingers on the contralateral side;
Aoy, region on the nail bed of the fingers on the blocked side; A, region on the
skin just proximal to the fingers on the blocked side.

the forearm taken at t; showed that there was an apparent
discrepancy between C6 and C8 innervation areas
(Supplementary Figure 1). Related data are shown in
Table 1 and Figure 4.

Discussion

With the innovation of ultrasonic imaging technology,
ultrasound-guided nerve root injections have achieved sig-
nificant progress. The adjacent tiny structures around the
foramina, such as nerves and vessels, can be easily distin-
guished to avoid intravascular injection during the
procedure.”'® Moreover, it has become the first choice to
make treatment targeting a selective cervical root block
directly or a relevant cervical epidural space.'"'? In the
present case, the patient with cervical radicular pain
restricted to dermatomes of C6, C7, who showed limited
symptom remission to physical therapy and the use of oral
anti-inflammatory agents/analgesics previously, gained
further pain relief during 6-month follow up.

In this case, we found that both the BFI and tempera-
ture values in ROIs made a noticeable rise on the index
and middle fingers after selective C7 and C6 nerve root
block. It is worth mentioning that the increase was not just
limited to the most distal parts of the upper extremity, but
also corresponding areas at the forearm. From what has
been described above, it is suggested that both LSCI and
IT provided the potential to evaluate the effect of SNR.
Our case was the first time to investigate the feasibility of
combining these two ways to assess the clinical outcomes
for SNR at different anatomical levels.

Regional anesthesia, including neuraxial anesthesia and
peripheral nerve blocks, can induce vasodilatation by
means of temporary elimination of sympathetic innerva-
tion, thus increasing local skin blood flow and rising
temperature. However, there are no similar reports on
whether a selective nerve root block can cause similar
effects. A previous study reported that specific blocking
of the ulnar and median nerve induced conspicuous
increases in corresponding areas of the hand, but specific
blocking of the musculocutaneous or radial nerve does not
increase temperature reversely. According to the author’s
explanation, this phenomenon might be attributable to the
inhomogeneous opening of arteriovenous anastomoses dis-
tribution, and specific sympathetic nerve fibers were only
present in the median and ulnar nerves.'> As a matter of
fact, the fibers from the sympathetic nervous system join
the nerve plexus in a complicated and uncertain manner,
and the thermographic response after a single distal nerve
block might not be straightforward. It is currently unclear
whether different anatomical levels would contribute to the
response.'*
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A: Changes over time of blood flow index (BFI) measured by LSCI
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Figure 4 Changes over time of blood flow index (BFI; A) and temperature (T; B) values. to, the baseline value (3 min before nerve root block). t;, 3 min after the C7 block.
ty, 3 min after the C6 block. t3, 20 min after all the procedure (symptoms assessment).

Therefore, it is necessary to verify the validity of this
explanation and figure out what is the difference between
proximal SNR and distal nerve blocks in further studies.
Due to our previous study, the LSCI technique could be
employed to predict the effect of sciatic nerve block in clinical
practice.'® But the application of this technique in the upper
limb needs to be confirmed since the composition and dis-
tribution of vascular nerves in upper or lower extremities
differ.'* The BFI value got the biggest rise after the C7
nerve root block in the innervated area (nail bed of the middle
finger), which was similar to the one after C6 nerve root block
in the innervated area (nail bed of the index finger). The result
appeared as potential confirmation of a proper nerve root
blockade effect, consistent with our expected result.

It has been a long time for skin temperature as an
indicator of regional anesthesia success. Compared with
the BFI value, it could be a little confusing for the thermo-
graphic response. That might be explained as a result of
the heat conduction of adjacent fingers since they did not
splay out. In addition, our observation window (3 min
after each SNR) could account for part of the discrepancy,
with temperature changes lagging behind the blood flow.

Ultrasound images only provide a two-dimensional
view of a single cross-section, making it sometimes diffi-
cult to determine the correct spinal level when performing
selective cervical nerve root blocks, although the charac-
teristic images of C7 and C6 transverse processes have
been used as landmarks. In addition, appearances of
a transverse above C6 level can be similar. If selective
nerve root block is used for diagnostic purposes, it is
paramount that the correct level is blocked. An objective
way to assess the level of nerve roots in addition to ultra-
sound images would be clinically valuable. Our study,
although very preliminary, provides a potential way to
help assess the level of block after the procedure.

There are several limitations in this case. Firstly, we
cannot rule out the accidental phenomenon of this case.
Only larger sample sizes might permit clarification of
particular characteristics of therapeutic SNRBs in non-
surgical treatment. Secondly, the injectant mixed solu-
tion volume we used, 2.5 mL, allowed the possibility of
spreading into the intraformational epidural space.'’
Thirdly, it is generally accepted that topical administra-
tion corticosteroids, local anesthetic agents or their
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combination have demonstrated anti-inflammatory prop-
erties to reduce neural dysfunctions. We do not know
precisely which factor is responsible for the therapeutic
effect.'”

Conclusion

In summary, this case suggested that there is a role for
selective nerve root block in the nonsurgical treatment of
cervical radicular pain. The findings demonstrated that
SNRB therapy helped to gain pain relief quickly and that
the efficacy would continue for at least 6 months. It is our
expectation that treatment feedback at the initial presenta-
tion and the changes of blood flow and temperature in the
corresponding innervated region after treatment could pro-
vide clues about the likelihood of future outcomes.
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