SAFE AND EFFECTIVE PERIPHERAL
NERVE BLOCK
“A New Approach”

An Essay
Submitted for partial fulfillment of the

Master Degree inesthesiology

By
MARIAN GREISS SOBHY
M.B.Bch., Cairo University

Under Supervision of

Prof. Dr. Maher Fawzy Mahmoud
Professor of Anesthesiology and Pain Management
Faculty of Medicine, Cairo University

Prof. Dr. Fatma Abdel-Khalek Abou-Rabia

Professor of Anesthesiology
Faculty of Medicine, Cairo University

Dr. Maha Mohammed Ismail

Lecturer of Anesthesiology
Faculty of Medicine, Cairo University

FACULTY OF MEDICINE
CAIRO UNIVERSITY
2008



Acknowledgement

First, I say “PRAISE TO GOD”, for helping me

bring this work come into light.

| would like to thank my professor and my role mioBeof.
Dr. Maher Fawzy, Professor of Anesthesia and Paamdadement
for his endless support and his experienced guelartus essay was

his idea and his work in the first place.

| would like to extend my deepest gratitude andregption
for Prof. Dr. Fatma Abou-Rabia, Professor of Anesta for her

patience and understanding that was so valualstesto

| would like to express my sincere gratitude for. Dfaha
Ismail, Lecturer of Anesthesia for her generous supervisiad

great effort throughout this work.

Last but not least, | would like to dedicate thisriwto my
father and my mother who always show their kindpgwpand great

tolerance.

Marian Greiss
July 2008



LIST OF CONTENTS

Title Page No.
INtrodUCtiON.....oveeieeeeeee e Error! Bookmark not defined.
AMmof The WOrk.....coooveeveiiiciiiiiiim Error! Bookmark not defined.

Review of Literature
» Chapter (1Hazards of Blind Nerve Detection By Nedflieor! Bookmark not dt

o Indications for Peripheral Nerve Block .......couueuen........b

o Functional histology of the peripheral nerve ..................6

0 Hazards of blind detection by needle ............................. 8

B NEINVE INJUIY et 8

» Injury to surrounding tiSSUES ........cccccvuuiieeeeeenee. 20

» Failure of BIOCK .....coooveeeeeiiiiiiiiiieiiiee 26
» Chapter (2Electrical Nerve Detectidgrror! Bookmark not defined.
O THEOIY eoevvuuuiiiiiiiieie e 27

0 MeChaniSM ...cceeuuuiiiiiiiiiiiee ettt 28

= Basic electrophysiology .......cccoceeviiiiiimmeeeeee 29

= Nerve stimulation with insulated and
noninsulated needles .......ocooveieiiiiiiiieieiiiiaenne, 31

= Desirable characteristics of peripheral nerve

SHMUIATOTS .ttt rrrerr e e eaeeaenaennaes 34
AQVANTAOES ...ttt ee e eeeeaerenenens 39
DiSAVANIAGES ..o.ieeiieieie ettt e e eeisensenrensensenrenss 40

Methods for improving results ...........coeeeeeneneeennn..... 43

0)
0]
0)
0]

Technigues of some common nerve blocks ................ 47

» Chaper (3Ultrasound-Guided Nerve Detectitrror! Bookmark not defined.




LIST OF CONTENTS (Conr....)

Title Page No.

0 Equipment and techniques ..........ccccooeiieeeeeeeeeeiiieeeee, 64
» Theprobe ......cocevveevuoiiiiiiiiiciiieiiiieeieeeeeeee 64
" Theneedle .....cocoovvvuvvueunniiiiiiiiii i, 66

0 MeChanISM ..icceeuuuiiiiiiiiiieee ettt 67
= Nerve imaging with ultrasound ...............cccue...... 68
= Needle Visibility .......cccoooeeuiiieeeeiiiiimeeeeeeecccvnnn 69
= Local anesthetic solutions and injection ......uu....70

0 AdVANIAQES .eevvuuiiiiiiiiiiiiiee et 72

0 Disadvantages ........cccccceeeeueuuiiiiiimmmmmme i 79

o CT-quided percutaneous interventions ..........ee..........82

e Chapter (4) Combined Ultrasound—Guided and Eleadtric

NEIVE DB CHION . ...ttt e e eeeeeeeaeneeansenas 84

Summary

........................................... Error! Bookmark not defined.

References........cococceveviieveeieeeeese e Error! Bookmark not defined.

Arabic Summary



LIST OF TABLES

Tab. No. Title Page No.
Table (2): Mechanism of Peripheral Nerve Injury

Related to PNBs...........] Error! Bookmark not defined.
Table (2): Summary of Differences between Insulated

and Noninsulated NeedIesror! Bookmark not defined.
Table(3): Desirable Characteristics of Peripheral

Nerve Stimulators........ Error! Bookmark not defined.
Table (4): Ultrasonography Images of the Tissues

Identifiable during Sonographic Study of

the Brachial Plexus Territoriesror! Bookmark not defined.
Table (5): Potential Advantages of Ultrasound

Guidance Compared with Conventional
Techniques of Nerve Identification in
Regional Anesthesia....Error! Bookmark not defined.



LIST OF FIGURES

Fig. No. Title Page No.
Figure(1): Histology of the Peripheral Neng.ror! Bookmark not defined.
Figure(2): Mechanical nerve injury after an intraneural

injection in a sciatic nerve of a fatror! Bookmark not defined.
Figure(3): Insulated Beveled Needl&sror! Bookmark not defined.
Figure(4): Insulated Introducer Tuohy NeeHleor! Bookmark not defined.
Figure(5): Nerve Stimulation with an Atraumatic, Short

Beveled Needle ............. Error! Bookmark not defined.
Figure(6): Nerve Stimulator............ Error! Bookmark not defined.
Figure(7): Position and Surface Landmarks for the Cervical

Plexus Block................... Error! Bookmark not defined.
Figure(8): Anatomy of the Brachial Plexus, showing the

interscalene, supraclavicular, infraclavicular, and

axillary approaches......... Error! Bookmark not defined.
Figure(9): Sciatic Nerve Block, anterior approdatror! Bookmark not defined.
Figure (10): Demonstration of proper probe position and

direction of needle entry for performing an

ultrasound-guided infraclavicular nerve bl&eckor! Bookmark not define
Figure (11): Ultrasound view of the brachial plexus trunks at

the C6 level..................... Error! Bookmark not defined.
Figure(12): Local Anesthetic, which is a liquid and not

having echogenicity, appears clear, surrounding

the femoral nerve............ Error! Bookmark not defined.
Figure (13): Injection of Local Anesthetic around Peripheral

Nerve .....ccoooeiieiiiiiiieee, Error! Bookmark not defined.
Figure (14): Intraneural Puncture and Injection of Peripheral

Nerve .....ooceveeeeieieii Error! Bookmark not defined.



LIST OF ABBREVIATIONS

Abbrev. Meaning

CT o, Computed tomography

DC .o, Direct current

IN Insulated needle

LANB ..o, Local anesthetic neural blatka
MEAV .......cccooeeee. Minimum effective anesthetidwoe
MRI . Magnetic resonance imaging
NIN i, Noninsulated needle

PEG ...coooviiieeeee, Percutaneous electrode anod
PNB ....ccoooiiiieieens Peripheral nerve block

PNS ... Peripheral nerve stimutato
SENS......cooiiiee Sequential electrical nestienulation
US i, Ultrasound

ZD i Zone of depolarization



ABSTRACT

For peripheral nerve blocks to be safe and effectccurate nerve
localization is mandatory. Nerve stimulator is tgeld standard” method
for confirmation of peripheral nerve location dygriregional anesthesia.
It is essential for improving both the success aae the risk-benefit ratio
of regional anesthesia. Ultrasound-guided nervekbis a new approach
for non-invasive detection of nerves which may @ase the success rate

and decrease the complications.

Keywords:
- Blind detection of the nerve
- Peripheral nerve stimulation
- Ultrasound-guided nerve detection

- Safe and effective nerve block



Introduction

| NTRODUCTION

F)erioperative analgesia is a major concern for dugept and for

the anesthesiologist, whose task is to avoid pdaimere is
increasing interest in peripheral nerve blocks (BN\Bsingle or
continuous, mainly for perioperative treatment ohilateral
surgeny” They provide intense, site-specific analgesia ane
associated with a lower incidence of side effeckeenvcompared

with many other modalities of analge§fa.

Many of the challenges and clinical failures of ioegl
anesthetic techniques can be attributed to fadt tlearovascular
anatomy is highly variable. Furthermore, currentvadocalization
techniques provide little or no information regaglithe anatomical

spread local anesthesia.

PNB, despite its well known clinical benefits, hast gained
popularity. This is secondary to multiple shortcogs including a
defined failure rate, lack of simplicity, and thet@ntial for patient

discomfort or injury?®

Conventional methodology for nerve location utidize
anatomical landmarks followed by invasive explanatiwith a
needle to a suitable endpoint. An appropriate emtipan be either
anatomical in nature (e.g. transarterial techniqae)functional

(paresthesia or motor response to electrical stfinrd)® The
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electrically ideal position of the needle usuaBydefined by motor
responses which can not be interpreted withoutopired anatomical
knowledge® Nerve stimulation can also be used in uncooperativ
patients and in anesthetized individuals, althoubk risk of
intraneural injection of local anesthetic is notm@hated in such

cases’”

The appearance of new techniques and devices nsaisiag.
Percutaneous electrode guidance, ultrasonograpisiglization of
neural structures, and the use of stimulating ¢tatbaepresent the
newest advances in this af@aRecently, ultrasound technology has
been utilized by anesthesiologists in an attemjphitomize many of
the drawbacks of traditional nerve block technidtlesThis
technique has many clinical benefits for regiona¢sahesia in the
field of clinical anesthesia. These are; 1. shionetfor procedures;
2. peripheral nerves, blocking needles and surnogndtructures
around the nerves are easily recognized, and; &.ddcreased

incidence of complications with insertion of theedies®

Recent studies have shown that direct visualizatbrthe
distribution of local anesthetics with high-freqognprobes can
improve the quality and avoid the complications.tréfiound
guidance enables the anesthetist to secure an adecmeedle
position and to monitor the distribution of thedbanesthetic in real

time ®




Aim of the Work

Aim of The Work

This essay is meant to:

% Highlight the complications of blind detection o&rnpheral

nerves by needle.

% Bring to the reader's attention the recent deve®pmin the
field of peripheral nerve blocks by comparing betwethe
different methods used nowadays regarding the yheor
mechanism, advantages and disadvantages of batniecéand

ultrasound-guided nerve detection.

< Finally, it introduces the use of combined techeigtor
peripheral nerve detection using ultrasound anctratal nerve

stimulator simultaneously.




Hazards of Blind Nerve Detection By Needle

Hazards of Blind Nerve
Detection By Needle

The development of anesthesia is currently affedigdthe
growing interest in regional anesthesia and analgen
particular, there is an increasing interest in gegral nerve blocks,
and in many clinics the use of this method is preféto the central

blocks whenever possible, thus becoming increagingiore

commont?

Peripheral nerve blocks are used as a primary ad s
anesthetic technique to facilitate painless surgsypplemented
with monitored anesthesia care (moderate sedadiowjth a "light"
general anesthetic and a laryngeal mask airway,inetituted
preoperatively but primarily for postoperative ayesia®™”

The use of peripheral nerve blocks has been inedeas
recent years, with increasing rate of complicatiofgut by
improving technical facilities such as nerve stiatidn and
ultrasound imaging, and the safety of local angsthetheir use
became more commdt?)

Indications for Peripheral Nerve Block

The skillful use of nerve blocks is important asliagnostic,
prognostic, and therapeutic tool in the managemémhronic and
acute pain problenmt$’
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1- Diagnosis

Neural blockade is an important tool in the evabratof
chronic pain when used as an adjunct to a detdilstbry and
physical examinatioft?

Local anesthetic neural blockade (LANB) can be watyable
in determining the pathway or mechanism of paine Ematomic
source of the pain can be diagnosed with a varafty ANB
techniques. Joint pain resulting from cancer cardibgnosed with
intra-articular injections. Sympathetic blocks cdie used to
diagnose sympathetically mediated pain and to gtielment™
Selective nerve root injections may be helpful asagnostic tool in
evaluating spinal pain with radicular featuf&s.

2- Prognosis

Before any permanent neurolytic procedure, it is
recommended to perform a prognostic local anestlidtick on the
nerve to be ablated.

Unfortunately, the prognostic value of long-terminpeelief
from a positive LANB is not guaranteed. However,nagative
LANB almost certainly predicts failure, thus supjray the use of
the prognostic LANB before an ablative procediie.

3- Therapy

For somatic malignant or nonmalignant chronic pain
syndromes, paravertebral blocks can be useful d@gnostically
and therapeutically” LANB is useful in the management of
myofascial pain, sympathetically mediated pain, gloerm
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treatments employing catheter techniques and aomiis delivery,
and in crisis management of severe pain.

Functional Histology of the Peripheral Nerve

To understand the mechanisms of peripheral nejueyinone
must be familiar with the functional histology dfet peripheral
nerve. Peripheral nerves are complex structuressisiimy of
fascicles held together by tlpineurium — an enveloping, external
connective sheath. Each fascicle contains manyenébers and
capillary blood vessels embedded in a loose coiveetissue,the
endoneurium.*® The perineurium is a multilayered epithelial sheath
that surrounds individual fascicles and consistsedferal layers of
perineural cells. Therefore, in essence, a fas@céegroup of nerve
fibers surrounded bperineurium.“® The barrier that should not be
penetrated to avoid severe neural damage is likéie
perineuriurm®®

A thin layer of collagen fibers, thedoneurium, surrounds the
individually myelinated or groups of unmyelinatetbefrs. Nerve
fibers depend on a specific endoneurial environmiemt their
function. Peripheral nerves are richly supplied &y extensive
vascular network in which the endoneurial cap#éari have
endothelial “tight junctions”. The neurovasculadhs regulated by
the sympathetic nervous system, and its blood @iawbe as high as
30—-40 mL/100g/minuté&?

The larger the nerve, the greater the number andie of the
fascicles. Additionally, the larger the fasciclee tgreater is the risk
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of intraneural injection as large fascicles camantiodate the tip of
the needl&® The connective tissue of a nerve is tough, contbre
the nerve fibers themselves. The connective tisfaenerve permits
a certain amount of stretch without damage to #gm@enfibers. The
nerve fibers are somewhat “wavy,” and when theysametched, the
connective tissue around them is also stretchedvinggit some

protection. This feature, perhaps, plays a “safetyfe in nerve
blockade by allowing the nerves to be “pushed” eatihan pierced
by the advancing needle during nerve localizati@r. this reason, it
IS prudent to avoid stretching the nerves and n@teii during

nerve blockad&"

Figure (1): Histology of the Peripheral Nerve. A peripheral veelis a complex
structure consisting of fascicles held togetherthw® epineurium. Fascicles contain
many nerve fibers and capillary blood vessels emé&edn a loose connective tissue,
the endoneurium. The perineurium is a multilayespdhelial sheath that surrounds
individual fascicle$?”




