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Ultrasound guided chronic pain interventions (Part )

Ultrason esliginde kronik agri girisimleri (2. boltim)

Taylan AKKAYA, Alp ALPTEKIN, Derya OZKAN

Summary

Henceforth, ultrasonography (US) is an indispensible imaging technique in regional anesthesia practice. With the guidance
of US, various invasive interventions in chronic pain pathologies of the musculoskeletal system, peripheral and neuroaxial
pathologies has become possible. The management includes diagnostic blocks as weel as radiofrequency ablation and institu-
tion of neurolythic agents. During these algologic interventions we are able to see the target tissue, the dispersion of the drug
and all nearby vascular structures. Besides these the US also protects the team from ionic radiation that one encounters when
using flouroscopy of computed tomography. Latest publication in this field show that applicability of US in chronic pain syn-
dromes is rapidly expanding with a good future. The additional equipment (echogenic needles, 3-D US etc.) will also expands
its applications in algology practice. This review highlights different applications of US in chronic pain conditions.
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Ozet

Artik rejyonal anestezi pratiginde ultrasonografi (US) vazgecilmez yardimci gériintiileme teknidi olarak yerini almistir. Ultra-
sonografi ile kas/iskelet, periferik ve néraksial bolgelerin kronik agrili patolojilerde ¢esitli invaziv girisimler yapmak olasidir. Bu
girisimler diagnostik bloklar, radyofrekans uygulamalari ve nérolitik ajanlarin uygulamalari olarak 6zetlenebilirler. Algolojik gi-
risimler esnasinda US; hedef dokularin gorintilenmesinde, uygulanan ilacin yayihminda, cevredeki vaskdler yapilarin goriin-
tilenmesinde biyuk kolayliklar saglar. Ayrica US ile floroskopi ve bilgisayarli tomografi uygulamalari esnasindaki radyasyon
yayilimi s6z konusu degildir. Kronik agri girisimlerinde US ile yayinlanan klinik ¢calismalar umut vericidir. Ayrica son yillarda bu
alandaki gelismeler (ekojen igneler, Gi¢ boyutlu US cihazlari vd.) US'nin algoloji pratigindeki kullaniminin daha da yayginlasaca-
gini diisiindirmektedir. Bu derlemenin amaci, US esliginde yapilan cesitli kronik agri girisimlerini gézden gegirmektir.
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Neuroaxial interventions

Cervical negion

During interventions that are performed on cervi-
cal region, a slight error in the needle localization
can lead to dire complications. Shooting more im-
ages with fluoroscope to ensure correct localization
means greater radiation exposure. One of the most
important advantages of US is that this situation is
not a problem to worry about."” Another advantage
of US in interventions at cervical region is that the
procedure is completed in a shorter time compared
to fluoroscopy and tomography.®® During fluoros-
copy guided cervical medial branch blockade, there

may be vascular structures on the needle path that
can possibly get injured.” Chance of accidental intra-
vascular injection during fluoroscopy guided cervical
region injections has been reported as 7%." Narouze
emphasized that while fluoroscopy can detect intra-
vascular injection, US can prevent it.®

At the level of cervical vertebra clear identification of
structures with US is not easy, and it requires experi-
ence which takes time. Sonoanatomical description
of cervical 6™ and 7t vertebra has been first made by
Martinoli et al.”? C5, C6 and C7 transverse processes
and differences in tubercle structures can be useful
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in ultrasonographic identification of the area during
cervical interventions.

At transverse imaging, marked anterior tubercle of C6
vertebra, called Chassaignac tubercle is characterized
with its sharp structure, and it can easily be differenti-
ated from C7 vertebra. C7 vertebra can be identified
with its marked posterior tubercle and rudimentary
anterior tubercle. Also at C7 level, vertebral artery is
not inside transverse foramen yet.®! When US probe
is shifted upwards, anterior and posterior tubercles
of C3, C4 and C5 vertebrae are typically similar in size.

For interventions at upper levels (interventions re-
lated to TON, GON, C1-C2 joints), scanning from
occiput toward C1 and C2 can be made with both
transverse and long axis imaging. At the occipital
region, occipital bone can be identified with trans-
verse imaging. When moved caudally, first C1 and
then C2 that has the first bifid process is visualized.
If the probe is shifted slight laterally, first the lamina
and then more laterally, articular pillar is visualized.
During long axis imaging of occipital region, if trans-
ducer is placed vertically at the median line, to be
over spinous processes, C1 spinous process is ob-
served as rudimentary or it cannot be visualized at
all. Transverse imaging of this region is recommend-
ed for occipital nerve blockade and C1-C2 joint injec-
tions, and long axis imaging is mainly recommended
for cervical facet joint injections and medial branch
blockades® (Figure 1).

If the procedure will be made at upper levels and on
single side, mastoid process can be useful for level
detection.”? When the probe is placed longitudinally
just under mastoid protuberance, mastoid protuber-
ance, C1 transverse process and vertebral artery can
be visualized; when shifted slight caudally, verte-
bral artery disappears inside C2 transverse process
(foramen). When lower part of the probe is rotated
slightly to posterior (slightly oblique), C2-3 articula-
tion can be observed. Moving caudally, facet joints
at lower levels can be visualized.

Cervical facet joint injection: Obernauer et al. com-
pared guidance of US and tomography in cervical
facet joint injections in their randomized study in-
cluding 40 patients, they determined procedure
time was shorter in US group, and there was signifi-
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Figure 1. Apperance of cervical facet joints.

cant difference in repositioning requirement in favor
of US.BNarouze recommends transverse imaging for
single-sided, single level injection, and lateral longi-
tudinal imaging for injections at multiple levels. This
imaging allows visualization of multiple levels at the
same time. To shorten the distance of needle’s path,
it can be advanced out of plane.” Due to important
vascular structures at the cervical region, advancing
in plane may be safer for performers without suffi-
cient experience.

When a low frequency prone is used at the median
line, images of more vertebrae can be visualized at
the same time on the same plane. Another advan-
tage of this approach is that there is no requirement
to reposition the patient in bilateral interventions.'®
Occiput, C1 and C2 spinous processes provide guid-
ance for level determination. When moved slightly
to the lateral, first the laminar and then facet column
and articular gap more laterally as an anechoic struc-
ture between the hyperechoic articular processes
are identified. Injection is performed in plane from
caudal to cranial direction. It is not possible to ob-
serve intraarticular injection with US, periarticular
injection is recommended.n"”

Cervical medial branch blockade: C3 dorsal ramus
divides into two as deep and superficial medial
branches. Superficial branch is called third occipi-
tal nerve (TON), and it innervates C2-3 facet joint.
Eichenberger et al. described bilateral ultrasono-
graphic imaging of third cervical nerve (TON), which
is the nerve of C2-3 facet joint, in transverse plane
in 14 cases and performed blockade under US guid-
ance. Researchers determined nerve observation
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rate was 86%, correct positioning rate of the needle
was 82% and blockade success rate was 90%."%

In their experimental study investigating visualiza-
tion of cervical facet nerves with US, they deter-
mined that TON was observed at the highest rate
(96%) and C7 medial branch was observed at the
lowest rate (32%). In their clinical study in which TON
blockade was performed either with US or fluoros-
copy, Finlayson et al. reported that the nerve was vi-
sualized at 80% of the US group, and procedure time
was shorter; vascular injury was detected at 10 % of
fluoroscopy group, there was no difference in pain
scores of patients being followed up following the
procedure in different groups.!'!

In order to visualize TON, while using a high frequen-
cy prone at lateral longitudinal plane, level determi-
nation is made starting from the mastoid process; it
is recommended to perform the application by visu-
alizing the nerve at the peak point of C2-3 facet joint
surface.”

For cervical medial branch blockade, while using a
high frequency probe at longitudinal plane, C2-3
facet joint level is detected by starting from mastoid
process again as in TON imaging method, shifting
toward C1 first and then more caudally. Facet joints
are observed at this plane as “hills” lying next to each
other. Medial branches (except TON) appear be-
tween these hills at the base. Moving caudally, lev-
el is determined, medial branch is identified at the
most hollow region between two facet joints. Small
vascular structures can be confused with neural ap-
pearance, so that Doppler technique should be used.

Stellate ganglion blockade

Stellate ganglion blockade is a valuable diagnostic
and treatment method in pain with sympathetic ori-
gin at head, neck and upper extremity. In order to
increase reliability and effectiveness of the meth-
od, conversion to fluoroscopic method from blind
method has been done within years, and recently
applications have been made under US guidance.
Classically, stellate ganglion blockade is perform
with paratracheal method at the level of anterior
tubercle of C6 vertebra. Since anatomical structures
cannot be adequately identified with blind method
or with fluoroscopy, there is a risk of injury to the eu-
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sophagus, thyroid, inferior thyroid artery and risk of
hematoma. Fluoroscopy allows identification of only
C6 and C7 transverse processes. However, needle
should be ideally located anterolateral to longus col-
li muscle, deep to the paravertebral fascia (to avoid
extent along carotid sheath), but over the fascia (to
avoid intramuscular injection). Determination of
correct fascia is possible with US, thus, an effective
sympathetic blockade can be performed while using
a lower volume of local anesthetic. Possible hoarse-
ness related with suprafascial dissemination in stel-
late ganglion blockade is reported to occur less with
US guidance.'®

US can increase safety of the technique by allowing
direct visualization of vascular structures and soft tis-
sues, and it can decrease risk of tissue injury.™ Im-
portant anatomical structures are identified at trans-
verse plane with a high frequency probe. Doppler
technique would be useful to differentiate vascular
structures enroute the determined path while ad-
vancing the needle. Injection is made on the surface
of longus colli muscle deep to paravertebral fascia.

Thoracic region

Thoracic epidural procedures are excellent anesthet-
ic and analgesic methods in thoracic and abdominal
surgical interventions, they have favorable postop-
erative effects especially like reduction of pulmonary
complications. Accurate determination of the level is
essential for the application to be effective and have
less side effects.'® Mainly two anatomical landmarks
are used for level determination at cervicothoracic
region; these are spinous process of thoracic 7t ver-
tebra that passes under lower tip of scapula and C7
spinous process that is also called vertebra promi-
nence.'” However, level determination using these
superficial landmarks may not always be accurate.'®
In their study investigating the effectiveness of US for
determination of these levels, Arzola et al. reported
that level determination with superficial landmarks
was not always accurate and utilization of US would
be more appropriate.''!

Thoracic epidural procedures provide some advan-
tages over other methods for the treatment of pain
following thoracic and upper abdominal surgery.
However, difficulties may arise during their applica-
tion especially at middle and upper levels, due to
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laminae and spinous processes overlapping each
other. Evaluation of thoracic spinal anatomy and
determination of epidural distance prior to thoracic
epidural application would increase success rate.
Tomography and MRI methods have been used to
evaluate thoracic spinal anatomy and determine
epidural distance, but these techniques are not very
practical.?? On the other hand, US is a more acces-
sible method.

In their report describing sonoanatomy at thoracic
spinal region, Avramescu et al. stated they obtained
conclusive images at lower thoracic levels in the
rate of 98%, but at upper levels, this success rate
decreased; they reported that paramedian sagittal
oblique imaging was more conclusive at upper lev-
els compared to transverse imaging.?"

Lumbar region

During daily practice, lumbar epidural injections are
usually performed without using an imaging tech-
nique apart from patients who are overweight and
have history of lumbar operation. However, current
guidelines on chronic pain treatment recommend
use of imaging techniques (fluoroscopy) preferably
during interlaminar injections, and absolutely dur-
ing transforaminal injections.?? Karmakar et al. used
“water based spine phantom”model for understand-
ing spinal anatomy, and they reported paramedian
sagittal axis provided better images for visualiza-
tion of neuroaxial anatomy. Low frequency convex
probes capable of penetrating deep are preferred
in sonographic examination of lumbar region, since
anatomical structure are located deeper. Another
advantage of this probe is wider view that it provides
for deeper structures, making it easier to track ad-
vancing of the needle in real-time with US in central
neuroaxial blockades.? However, linear probes may
be preferred for evaluation of superficial structures
like spinous processes, especially in lean patients.
Longitudinal median imaging is useful for evaluation
of spinous processes, and also for determination of
vertebral level. When probe is placed longitudinally
at the median line along spinous processes, spinal
processes align up in serially as a hyperechoic line.
One of the most appropriate methods for determin-
ing vertebral level is to localize sacrum, which is an
uninterrupted hyperechoic line, and to identify L5-
S1interspinous space at the cranial side.
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Posterior vertebral elements can be visualized at the
level of spinous processes at transverse plane. Spi-
nous processes can be observed at the middle as
hyperechoic convex line; deeper at its both sides,
laminae can be observed as hyperechoic lines, and
lateral to laminae, facet joints can be visualized be-
tween two bone structures as hypoechoic areas.
Transverse processes are located deeper and later-
ally as hyperechoic structures. By moving the probe
between two spinous processes, acoustic shadow-
ing can be casted aside exposing the spinal canal.
Just above posterior dura, which is observed as hy-
perechoic, epidural space is observed as having less
echogenicity compared to dura.

During paramedian sagittal scanning at lumbar re-
gion, the first bone structure observed is lamina;
bone structure delays passage of US wave, so acous-
tic shadow is onserved under lamina. Between
acoustic shadows, there is a gap (acoustic window)
where neuroaxial structures in spinal canal can be
visualized. Within this acoustic window, ligamentum
flavum is observed as an hyperechoic band between
laminae. Below ligamentum flavum, posterior dura
is seen as hyperechoic structure, epidural space is lo-
cated between these two structures as hypoechoic
region that is several mm in size. Although ligamen-
tum flavum and posterior dura are hyperechoic,
dura can be visualized better compared to ligamen-
tum flavum.?* Karmakar reported the distance be-
tween skin and lamina as 2.54 cm, and the distance
between skin and posterior dura as 3.19 cm in para-
median sagittal US examination of lumbar region in
non-overweight young adults.?*

During longitudinal imaging, when moved to the
level of facet joints, they can appear as lump. Joint
capsule covers the joint as an anechoic line. When
the probe is moved vertically to 6-7 cm lateral from
the spinous processes, deep to the hypoechoic mus-
cle appearance transverse processes line up as hy-
perechoic convex structures (Figure 2).

In US guided epidural interventions, an assistant is
required in order to observe advance of the needle.
However, Karmakar proposed the procedure could
be performed by one performer alone using a spe-
cial LOR injector (Episure®) that assists in identifica-
tion of epidural area.”?® During US guided interlami-
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Figure 2. Apperance of lumbar facet joints.

nar epidural injections, advancing the needle in
interlaminar space is not as easy as in fluoroscopic
methods. Epidural space is visualized better at para-
median sagittal position.?*

Studies comparing US, fluoroscopy and tomography
with regard to required time for level determination
during interventions report different success rates.”!
However, it is thought that whether US or fluorosco-
py is used for interlaminar epidural application pro-
cedure has no effect on completion time, and that
USG would not take the place of fluoroscopy.

Facet joint injection

The first case series involving US guided facet joint
injection belongs to Kullmer et al. in 1997.27 In their
cadaver study in which facet joint injection was
performed with US guidance and confirmed with
fluoroscopy, Gofeld et al. stated that US could be
an alternative imaging method to fluoroscopy and
tomography.?® In another prospective randomized
study involving 40 patients, US guided lumbar facet
joint injection was compared to a group in which in-
jection was made with tomography, and US group
was determined to be more favorable regarding ra-
diation exposure and procedure time, and no differ-
ence was found with regard to pain palliation.’?”!

During US guided facet joint injection, target verte-
bra level is determined by longitudinal scanning in
the first place. Next, injection is performed after visu-
alization of the space between facet joints which is
between superior and inferior articular processes of
lumbar vertebrae, by transverse imaging (Figure 3).
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Figure 3. Lumbar facet joint injection.

Lumbar medial branch blockade

Selective blockade of sensorial nerves is commonly
performed in pain clinics for diagnosis of lumbar
facet pain. Medial branches of dorsal rami of lumbar
nerves is located at the region between transverse
process and superior articular process. Dorsal ramus
for L5 vertebra level is targeted, and injection is per-
formed at sacral alar region.

In one cadaveric study in which needle localization
was confirmed with CT, it was reported that in 45 out
of 50 facet injections targeted region was reached,
and in remaining 5 injections the needle was 5 cm
away from targeted region.B® In another study, US
guided lumbar medial branch blockade application
was controlled with fluoroscopy and in 96 out of 101
cases the needle was in correct position and in 2
cases intravascular injection was observed.B" Lum-
bar Medial branch blockade with US guidance may
be difficult in the presence of degenerative changes
in vertebrae and if patient’s body mass index (BMI)
is high. Ruach et al. performed US guided lumbar
medial branch blockade in obese patients, and re-
ported 62% success rate and stated that the proce-
dure could not be done accurately in obese patients
with US alone.®? Low frequency and curved probe is
preferred for lumbar medial branch blockade. First,
sacrum and L5 vertebra are identified, targeted ver-
tebra level is identified by scanning in longitudinal
plane towards cranially. Graham et al. described
lumbar medial branch blockade in transverse imag-
ing. Observed structures from medial to lateral are
spinous process, lamina, articular process and trans-
verse process, respectively. The needle is advanced
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Figure 4.Caudal epidural space.

from lateral to medial in plane, it should contact
with bone at the junction area of transverse process
and inferior part of superior articular process. Next,
switching to longitudinal plane, the tip of the needle
is confirmed to superior to transverse process (to
avoid nerve root injury). lliac wing may prevent lat-
eral entry at L5-S1 level, necessitating out of plane
method.¥

Periradicular injections

Utilization of US in interlaminar epidural injections
was studied especially in obstetric patients, favor-
able results were reported for determination of me-
dian line and epidural space. However, utilization
of US as a single imaging method in transforaminal
epidural and nerve root injections is not a widely
accepted practice yet. The main reasons for this are
not being able to visualize needle and distribution of
injected drug, and the difficulty in detection of intra-
vascular injection.

Itis quite difficult to visualize lumbar nerve roots with
US. Lozides et al. performed injection to pararadicu-
lar area near lumbar intertransverteral ligament that
can be detected with US in a cadaveric study; after
controlling with fluoroscopy, they determined that
the needles were in correct position and contrast
agent diffused around the targeted nerve root.4

In one study including 40 patients in which US
guided periradicular injection was performed, when
needle localizations were controlled with CT, it was
determined that the needle was in correct position
in 90% ratio, and US was more favorable regarding
needle placement time.>"!

64

Figure 5.Caudal epidural injection.

US has the potential to contribute in detection of
important vascular structures at neuroforamen area;
however, the performer should be quite experienced
for this. Today, fluoroscopy still holds its important
place as the preferred imaging method in transfo-
raminal injections.®*

Caudal injections

Due to commonly observed variations in sacral anato-
my, caudal blockades performed with blind methods
have low success rates.*® Sacral hiatus and caudal
space can easily be visualized with US at median sag-
ittal plane, allowing caudal epidural injections in real-
time (Figure 4). US guided caudal injections are re-
ported to be fast, easy and have high success rates.’*%

During US guided caudal blockade, sacrococcygeal
ligament and sacral hiatus are identified at trans-
verse plane, sacral space is observed between sacral
horns, and sacrum is found beneath it. Needle is
placed in transverse position out of plane, and its
advance is followed in plane. It may not be easy to
follow its advance due to shadowing of the bone
structure (Figure 5).

Sacroiliac joint injection

Success rate of blind sacroiliac joint injections is ap-
proximately 22%.3% In one study evaluating US guid-
ed injection in 60 cases, success rate was 60% for the
first 30 cases, whereas it was reported to be 93.5%
for the next 30 cases.’” In another study involving
US guided sacroiliac joint injection in twenty cadav-
ers, 9 out of 10 injections made at the level of S2 fora-
men level were successful, whereas 7 out of 10 injec-
tions at the level of S1 foramen were successful.®
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Itis possible to perform arthrogram with fluoroscopy,
however it is difficult to detect intraarticlar injections
or needle localization with US, iatrogenic injury may
happen to joint cartilage. Therefore, periarticular
area should be preferred for US guided injections.k!

In one study, US guided steroid injection was per-
formed in 20 patients with sacroileitis and controlled
with MRI; it was shown to be in joint space only in
40% of the cases, however, there was no difference
with regard to pain palliation.?”

In prone position, using a low frequency probe,
sacral hiatus and lateral borders of the sacrum are
identified with transverse imaging in the prone posi-
tioned patient, an hypoechoic gap between sacrum
and ileum is determined, and this gap is traced to
be continuing upwards. The needle is guided from
medial to lateral at inferior border of the joint at the
level of S2 foramen. The joint may be in fibrotic struc-
ture at upper levels.

In conclusion, utilization of US in chronic pain treat-
ment may be regarded as to be at its initial stages.
Anatomical studies related to some interventions
are still being performed. There are not sufficient
large series or prospective randomized clinical stud-
ies related with many interventions yet. On the
other hand, there is an accelerated advancement in
US technology. Transducers and scanning schemes
have improved and three and four dimensional im-
aging techniques have become routinely used, por-
table US devices have been available in the market.
In addition, standardization studies related with per-
former education have increased. Therefore, in our
opinion, US will be in routine use for the purpose of
both planning and practice of the interventions in
algology clinics in the near future.
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