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Peripheral Nerve Entrapment

 Increased pressure on the entrapment nerve
—> leads to an interruption of nerve microcirculation,
Ischemia, impaired nerve conduction
- dynamic decrement with adhesion

- increased vascular permeability of the nerve

- interruption of axoplasmic flow
-> swelling of the nerve proximal and distal to the

compression site



Common Sites of Peripheral Nerve
Entrapment

The median nerve produces carpal tunnel syndrome (CTS),
commonly in the wrist

The ulnar nerve inside the elbow produces ulnar neuropathy in
the elbow (UNE)

The radial nerve at the spiral groove produces radial nerve palsy

The peroneal nerve under the outside of the knee produces
peroneal neuropathy

Medial ankle compression in the tibial nerves produces tarsal
tunnel syndrome

The lateral cutaneous nerves in the groin results in meralgia
paresthetica

Toes produce Morton’s neuroma



Properties of Commonly Used Local Anesthetics

Maximum dose

Agent Drug class  Concentration (%)*  Onset Duration (mg per kg)
Lidocaine Amide 1,2, 4 Rapid 350 to 60 4

minutes
Mepivacaine Amide 1 Moderate  45to 90 4

minutes
Bupivacaine Amide 0.25t0 0.5 Slow 2to 4 3
(Marcaine) hours
Ropivacaine Amide 0.2t0 1.0 Moderate 6to 14 2.5 (for 0.5%)
(Naropin) hours
Tetracaine Ester 0.25 Slow 2to 3 1.5
(Pontocaine) hours
Chloroprocaine Ester lto?2 Slow 350 to 60 6
(Nesacaine) minutes

*—Higher concentrations may allow for smaller volumes with similar anesthetic effect.

Adapted with permission from Salam GA. Regional anesthesia for office procedures: part |. Head and neck
surgeries. Am Fam Physician. 2004,69(3):58/, with additional information from references 13-21.



Corticosteroids

= Corticosteroid injection has been one of the most
commonly used non-surgical treatments for peripheral
entrapment neuropathy

= Strong anti-inflammatory

= Analgesic effects

= Reduce the pressure of the compressive space
= Reduce neuroinflammation

= Short-term efficacy
= peripheral entrapment neuropathy: slow and chronic

- non-inflammatory ischemia-reperfusion degenerative neuropathy



Efficacy of Intra-articular Triamcinolone

and Hyaluronic Acid in a Frozen Shoulder
Rat Model

Yongjin Ahn,* MD (9, Yong Suk Moon,” PhD, Gi-Young Park,* MD, PhD, Sung Cheol Cho,* MD,
Yoon-Jin Lee,? PhD, Dong Rak Kwon,*! MD, PhD, and Sang Chul Lee,*! MD, PhD
Investigation performed at Department of Rehabilitation Medicine, School of Medicine,

Catholic University of Daegu, Daegu, Republic of Korea
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|_ocal Reaction of Corticosteroids

= |[nfections and in some cases, arthritis

= Post-injection flare (severe pain which begins
within several hours from injection, lasts 2—-3 days
and subsides spontaneously)

= Articular cartilage damage

= Skin atrophy related to adipose tissue necrosis
(persists for approximately 2 years)

= Discolorations (persist for approximately 1 year)



Systemic Reactions of Corticosteroids

= Facial flushing in approximately 15% of patients (lasts 2—
3 days)
= Feeling of general malaise, headache

= |ncreased risk of injury (due to intensified degenerative
process) and infection — steroids should not be
administered prior to planned physical effort or surgical
procedures

= Glucose metabolism disorder (in patients receiving oral
hypoglycemic agents, a change of the therapy to insulin
may be necessary). Fluctuating blood sugar levels may
persist for 3—4 weeks following the injection



Use of Corticosteroids for Adult
Chronic Pain Interventions

Corticosteroid + LA

Greater occipital nerve
block for cluster headache
llioinguinal, iliohypogastric
and genitofemoral nerve
block for post-herniorraphy
pain

Morton’s neuroma pain

Local Anesthetic (LA)

Sympathetic nerve blocks

Greater occipital nerve
block for medication
overuse headache or
migraine

Pudendal nerve block for
pudendal neuralgia

Injection for carpal tunnel
syndrome

Benzon HT, et al. Req Anesth Pain Med 2024;0:1-18. doi:10.1136/rapm-2024-105593



Perineural Injection Therapy (PIT) with
5% Dextrose Water (D5W)

Dr. John Lyftogt in 2007: pain control in patients with
Achilles tendinopathy

Since 2017, few high-quality studies have proved the

outstanding effect of ultrasound-guided PIT with D5W for
CTS

The twentieth edition of Harrison’s Principles of Internal
Medicine textbook recommends this novel injection as an
alternative local treatment for CTS

Pharmacological, mechanical, and other possible neuro-
regenerative effects



Pharmacological Effect

The osmolality of D5W is similar to that of normal saline and is painless
than sterile water injection.

D5W has been reported to be not harmful to nerves in animal and human
studies.

Dextrose may indirectly downregulate capsaicin-sensitive receptors
(transient receptor potential vanilloid receptorl, TRPV1), which can be
found on ligaments, tendons, joints, and peripheral nerves, and
upregulation of TRPV1 is associated with neuropathic pain.

Nerves in a hypoglycemic environment induce the activation of
nociceptive C fibers with increased noxious signal transduction, and
elevated concentrations of extracellular dextrose could hyperpolarize C
fibers = dextrose could activate acid-sensing ion channel 1a (ASIC1la)
and ASIC3 - relieve hyperalgesia



Mechanical Effect (Hydrodissection)

= Important for its therapeutic effect

= HD can separate the compressed, injured nerve from the neighboring soft
tissue to lower adhesion and chronic constriction injury

—> further increasing the blood flow and remobilizing the nerve for neuro-

regeneration

= Clinical efficacy of HD for mild-to-moderate CTS in a double blind trial,
and the authors found that the HD effect could persist for 3 months in
symptom relief and at least 6 months in reduction in cross-sectional area
(CSA) of the median nerve after single nerve injection with 5 cc normal
saline compared to placebo injection (2019)

= Very long-term effect (mean of 1 to 3 years post-injection follow-up) <
neuro-regenerative effects



Determined Factors

= Guided method

= Ultrasound guidance is more precise, effective, and safe

= Simultaneous HD above and below the entrapped nerve seems to be more effective
than single HD either above or below the nerve.

= |njectate content
= Hyaluronic acid (HA) has anti-adhesion effects
= HD with HA >> HD with saline
= Sustained retention of injectate in the HA group one hour after injection

= The effect of HD may be dependent on the retention time of the injectate

= Volume and cumulative effects
= Higher volume of injectate may have a more significant and lasting HD effect

= 5 mL, aremarkable improvement in symptoms and CSA was observed 6 months post-
injection compared to 1-2 mL

= 88.6% of patients with CTS after undergoing a mean of 2.2 times of PIT with 10 cc of
D5W with a 1-to 3-year post-injection follow-up

= Different frequencies are needed (2.6 vs. 1.7 times in severe and mild CTS)



Clinical Pearls

PIT with D5W using the ultrasound-guided short-axis approach to
simultaneously dissect below and above the entrapment nerve was
recommended.

The optimal dosage and frequency of PIT with D5W for entrapment nerve:
5 to 20 cc D5W per injection administered twice or thrice is suggested
based on the entrapment site and severity

The recommended injection interval is 1-4 weeks, according to the
prognosis
During injection, the patients showed increased numbness and tightness

caused by the volume effect or HD-related dragging effect on the nerve.
(persist for several minutes, progressively decline within one hour)

In cases where the patient is afraid of pain, a skin numbing with local
anesthesia at the puncture site is suggested.



Ultrasound Guided Injection

Direct visualization of target of interest
Real-time needle guidance

Visualization of spread of local anesthetics and thus

minimal risk of complications
Potential for dose reduction of local therapeutics
Shortening of procedure time

Lacking of exposure to ionizing radiation



Five Ps of Ultrasound Guided Injection

1. Position

— Patient must be positioned to ensure optimal exposure for
scanning, unobstructed manipulation of the probe and
needle, and patient comfort.

2. Probe

— Probe with the appropriate frequency range and array must
be selected depending on the injection to be performed.

3. Placement

— Operator must know where to place the probe on the
patient’s body in order to facilitate imaging and needle
manipulation.



Five Ps of Ultrasound Guided Injection

4. Plane

— In order to capture the target structure, the

appropriate scanning plane must be used.

5. Picture

— Operator must know what to look for; that is, he or
she must know the characteristic picture of the
target and surrounding structures in the territory

scanned.



Ultrasound Guided Technigue

Use baseline ultrasound assessment to explore the
area of the lesion and to evaluate the indication for
Injection therapy

Define the best ultrasound window to correctly place
the needle In the target

Swab both the injection site and the surface of the

probe with antiseptics

Provide local anesthesia



Ultrasound Guided Technigue

= Place a thin layer of sterile gel on the patient’s skin

= Continually monitoring the needle’s progression within
soft tissues on the ultrasound screen with particular

attention to the tip of the needle, which is placed in the
target
= Visualize the injectate suspension during and after the

Injection



Sterile Gel




Disinfecting Transducer
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Injectate

= Anesthetic: anechoic

= Corticosteroid

= Hyperechoic: methylprednisolone, triamcinolone

= Anechoic: dexamethasone

= Botulinum toxin: anechoic



In-plane Needle Approach

= Needle is advanced strictly parallel to long axis of
ultrasound transducer and appears on longitudinal scan as
a sharply defined echoic band with strong posterior
reverberations

= Provides real-time monitoring of inserted needle along its
entire length and path



Out-plane Needle Approach

= On transverse scan, the needle appears as a small
hyperechoic round spot with reverberation or comet talil
that can be easily identified by dynamic assessment (fine
movement of the syringe)



Visualization of Needle Tip

Transducer face should remain as perpendicular to
needle by heel-toe angling and rocking of probe

Sweep transducer from side to side while repeatedly
moving needle in and out

Inject a small amount of local anesthetic

Rotating transducer 90° to examine needle in short
axis

Needle is inserted with the beveled side facing
transducer



Needle Detection

= Needle size
= Larger needle is more reflective and better visualized

= Lower gauge thicker needle (e.g. 22 gauge=0.8 mm
diameter; 19 gauge=0.9 mm diameter; 18 gauge=1.0
mm diameter)



Needle Detection

= Angle of incidence of ultrasound beam



Transducer Selection

= Shoulder

= Linear array 12-5 MHz or small curved array 8-5 MHz
= Hip

= Abdominal 5-1 MHz curved array

= Small adults: curved array 9-4 MHz

= Small joints such as elbow, wrist, and ankle

= 15-7 MHz (hockey stick) linear array or small curved
array 8-5 MHz



Ultrasound Guided Injection Tools

Sterile Gauze

Sterile gloves, surgical mask

Skin disinfectant

Sterile gel, disinfecting transducer with alcohol 70%
30-70 mm long needles, caliber ranging from 21 to
27 gauge

Local anesthetics

Corticosteroids, generally a delayed-release form or
a mixture of rapid and delayed-release steroids



Preparation




Disinfecting Transducer
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Suprascapular Nerve Block

Proximal Approach Distal Approach
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Suprascapular Nerve Block
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Proximal Suprascapular Nerve Block

= Proximal suprascapular nerve (arrow)

= 1% lidocaine (3 cc) injection under ultrasound guidance



Case: Monteggia Fracture

o 20204 18 26 ZO0|M slip down St0 contusion 24

e Radial head dislocation with a fracture of the ulnar shaft
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Ulnar Nerve Lesion with Montagge Fracture

a

Circ 0.787 cm

. Circ 1.34cm Area 0.042 cmy !

Area 0.134 cm?
LT CUBITAL TUNNEL CUBITAL TUNNEL

LT ULNAR N. CUBITAL TUN. LONGITUDINAL RT CUBITAL TUNNEL LONGI




Case: Ulnhar Nerve Lesion
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Neurologic Examination

Left elbow pain and tingling sense on forearm and hand
WL, 22"

Resting/motion VAS 5/5

Elbow flexion/extension (90'/150'")

MMT — elbow flexor/extensor (F+/F+)

Decreased sense on left ulnar side.

Intermittent forearm and hands spasm (involuntary
movements)



Ultrasound Examination
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Electrodiagnostic Examination

Sensory NCS

Needle EMG

EMG Summary Table
Spontaneous MUAP Recruitment
1A Fib PSW Fasc H.F. Amp Dur. | PPP | Pattern

L. FIRSTD INTEROSS | 1+ 1+ 2+ None | None [N N N Reduced

L. FLEX CARPI ULN 1+ 1+ 2+ None | None [N N N Reduced

L.ABD POLLBREVIS [N None [ None |None |[None [N N N N

L. ABD DIGITI MINIMI 1+ Afew [ 1+ None | None | N N N Reduced

Electrophysiologic finding :
NCS : Low amplitude of SNAP on Lt. ulnar nerve.
Low amplitude and decreased conduction velocity of CMAP on Lt. ulnar nerve.

EMG : Abnormal spontaneous activities are detected on Lt. FCU, FDI and ADM muscles.

Impression : Lt. incomplete ulnar nerve lesion, at or around elbow.
Rec: Follow examination is needed 2 months later.

Clinical correlation is needed.

Nerve / Sites I Onset Lat I Amp.1-2
ms Y
L MEDIAN - Digit Il
Wrist [ 2.60] 22.0
L ULNAR - Digit V
Wrist [ 2.24] 225
R ULNAR -Digit V
Wrist [ 2.03] 35.6
L ULNAR -Dorsal
Wrist [ 1.15] 224
R ULNAR -Dorsal
Wrist [ 1.15] 50.5
Motor NCS
Nerve / Sites | Onset Lat I Amp.1-2 I Distance | Velocity
ms mV cm m/s
L MEDIAN - APB
Wrist [ 3.39] 7.8] [
Elbow [ 6.77 | 7.3] 17.4] 51.4
R MEDIAN - APB
Wrist | 3.23] 11.2] [
Elbow | 7.03] 10.9] 20.8] 54.7
L ULNAR - ADM
Wrist 2.29 6.6
B.Elbow 5.47 6.1 18 56.7
A.Elbow 7.81 54 11.5 491
L ULNAR - ADM (Inching)
Wrist 2.24 6.6
Below 4m 5.31 5.6 16.3 53.0
Below 2cm 5.78 5.6 2 427
Med. Epicondyle 6.20 55 2 48.0
Above 2cm 6.61 92 2 48.0
Above 4cm 7.14 5.3 2 384
R ULNAR - ADM
Wrist 2.55 9.6
B.Elbow 5.26 8.5 17.4 64.2
A Elbow 7.03 8.6 10.2 57.6

e EDX:

elbow between 2 cm - 4 cm)

left ulnar neuropathy, incomplete (above




Neural Hydrodissection

LY ULNAR N. AT FLMON NYDROODISSEC

LY ULNAR N. AT FLBON NYDRODISSEC

5% dextrose (5 cc)



Pre-treatment

Difference >5.0 mm?

Sensory NCS (antidromic)

Difference

Sensory NCS

At 5 months Post-treatment

= 3.0 mm?

Nerve / Sites I Onset Lat | Amp.1-2

ms ny
R MEDIAN - Digit Il
Wrist [ 3.49] 8.9
L MEDIAN - Digit Il
Wrist [ 3.02] 19.3
Motor NCS

Nerve / Sites
ms mV

Onset Lat | Amp.1-2 | Distance | Velocity
cm

m/s

R MEDIAN - APB

Wrist [ 7.34] 15]

Elbow I 10.83 | 14] 20.9] 59.9
L MEDIAN - APB

Wrist | 4.21] 12.8] [

Elbow | 7.76] 125] 21] 545

Nerve / Sites OnsetLat | Amp.1-2
|

R MEDIAN - Digit Il

Wrist [ No response]
L MEDIAN - Digit Il

Wrist [ 4.11] 14.4
R ULNAR - Digit V

Wrist [ 2.03] 29.3
Motor NCS

Nerve / Sites Onset Lat | Amp.1-2 | Distance | Velocity
ms ‘ mv | cm ‘ m/s

R MEDIAN - APB

Wrist | 11.77] 0.7]

Elbow [ 16.09] 0.6] 21.8] 50.4
L MEDIAN - APB

Wrist | 5.31] 14.4] [

Elbow | 8.70] 14.1] 19] 56.1
R ULNAR - ADM

Wrist | 2.40] 11.

B.Elbow [ 5.10] 11.7] 18.7] 69.0




US Guided Injection

# Intrasheath steroid injection (Dexa: 2.5 mg + 0.5% lidocaine: 1ml) is performed
into carpal tunnel with ultrasonographic guidance. Post-injection image showing
distension of the carpal tunnel.



Case: Sciatic Nerve Lesion

o F/42Y, Rhabdomyolysis, Sciatic neuropathy, 2.5MA
o Left buttock with radiating into left lower leg, Numbness, hyperalgesia

o HNP L4/5 operation due to recurrent HNP

o Leftleg pain: 30% improvement of postop




Sciatic Nerve Neuropathy
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Sciatic Nerve Hydrodissection
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Thank You for Your Attention
Stella 2025
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