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Local and Regional Anesthesia

Emergency physicians frequently perform
procedures that may be painful, and the mastery of
local and regional anesthetic techniques is vital to
ensure a painless experience for the patient. Using a
case-based format, the various types of anesthetic
agents available and optimal techniques for their
use in various parts of the body will be discussed.

•  Explain the techniques for local and regional
anesthesia on various parts of the body
excluding the face.

•  Discuss the pharmacologic properties,
advantages, and disadvantages of various local
anesthetic agents, including topical agents such
as EMLA, TAC, and LET.

•  Discuss recent advances in local and regional
anesthesia.
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Local Anesthetic Agents

Michael F. Murphy,  MD,  FRCPC*

Local anesthetics  are agents that reversibly  block nerve conduction
when applied to nervous tissue (central and peripheral) in an appropriate
manner and concentration.5~  a Permanent neural damage may result from
inappropriate technique. It is this “reversibility” that makes these agents
so usefol  in clinical practice.

The purpose of this article is to present those essential features of local
anesthetics that the emergency physician must be aware of to allow safe
clinical practice.

HISTORY

Although general anesthesia was discovered in the 1840s in America,
it was not until 40 years later that the local anesthetic properties of cocaine
were discovered by Niemann in Europe.’ This alkaloid, derived from the
leaves of Erythroxylon  coca, an Andean shrub, had been used for centuries
by the inhabitants of the Peruvian Andes to produce a sense of well-being.
Niemann noted that it had a bitter test and, remarkably, made the tongue
numb. Von Anrep in 1880 discovered its usefulness in pmducing  anesthesia
when injected subcutaneously.s

Credit for the introduction of cocaine into clinical use in the 1880s as
a local anesthetic usually is attributed to Segmund Freud and Karl K01ler.~
Freud used the central effects of the drug to wean a colleague from
morphine, in the process producing a cocaine addict, an aRiction  from
which Freud himself is reputed to have suffered. Keller  used the drug to
produce topical anesthesia of the eye. By 1885, Coming had used cocaine
to produce spinal anesthesia in dogs.5

The toxicity of cocaine led to the synthesis of procaine ii 1905, a
popular agent in clinical practice to this day. Following the introduction of
procaine (Novocaine), nwnerous  compounds of similar chemical structure
were developed, including tetracaine  (Pontocaine)  and chloroprocaine  (Nes-
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PHARMACOLOGY OF LOCAL ANESTHETIC ACENTS

The dcvclopmcnt  of modcro local anesthetic  agents  ha Ixrw pr<d-
wtcd on sevcd  tcwds. The agent should

1. Be nonirritating to tissues
2. Not pt-oduce  damage to nerv”us tissue
3. Have limited systemic toxicity at usual clinical doses
4. Have a finite duration of action
5. Be acceptable from a cost perspective

Agents in clinical USC today meet these  I-eq”irements.  The emcrgencl
physician should understand the pharmaculohy  of those agents to per,n/t
rational and safe clinical practice.

As has been mentioned, local anesthetics can be divided into two
groups, amides and esters:

Ami&
Lidocaine  (Xylocaine)
Bupivicaine (Marcaine)
Mepivicaine (Carbocaine)
Prilocaine  (Citanest)
Etidocaine (Duranest)

I:‘sters
Pr”cainc  (N”vocaine)
Chloroprocaine  (Nesacainc)
Tetracaine (Pontocaine)

The practicing clinician is less interested in the specifics of the
pharmac”l”gy  of the agent than in the implications for clinical use. This is
generally  presented a~ the “clinical properties” of the agent and includes
potency, duration of local anesthesia, and speed of onset.’ The physico-
chemical properties that define these clinical properties are lipid solubility,
protein binding, and pKa.’

Potency

Nerve membranes are essentially a lipoprotein matrix. Local anesthetic
agents that have a high degree of lipid solubility (e.g., tetracaine,  etidocaine)
ax thus of greater potency than are those of lesser solubility (e.g..
mepivicaine, prucaine;  Table 1). In fact, lipid solubility appeal-s to be thr
prime determinant of local anesthetic potency.’

Duration of Anesthesia

Local aocsthetic  agents produce  blockade by “ccluding sodium ch:u-
nels in the axon membrane. Binding of the agent OC’CUI’S  with a proteill
receptor  in the sodium, channel.’ Thus, those  agents possessing  a high



affinity for protein (e.g., tetracaine and bupivicaine)  have a longer duration
of action than those less tightly bound (e.g., procaine).

Speed of Onset

The speed of onset of bhck is r&ted  directly to how quickly the drug
is able to diffuse to and across the nerve sheath and membrane to get to
the protein receptor in the sodium channel. This in turn is related to the
concentration gradient (e.g., 1 per cent vs 2 per cent solution) developed
within the tissues behveen  the site of injection and the site of action. and
the amount of drug in the nonionized form. One should recall that it is this
nonionized form that diffuses quickly through tissues and membranes.

Local anesthetic agents are weak bases and thus are proton acceptors.
As such, they tend to become positively charged as the pH of the
environment falls, impeding movement through tissues and delaying the
onset of blockade.

The pKa of a substance is that pH at which 50 per cent of the agent is
ionized and 50 per cent is nonionized. Among the local anesthetics, pKas
vary from 7.6 (mepivicaine) to 8.9 (procaine). Thus, at physiologic pH (7.4)
procaine is almost totally charged (proton&d)  and very slow in onset,
whereas mepivicaine is less than 8.5 per  cent protonated  and has a very
rapid onset.

Table 1 relates the physicochemical  and biologic properties of local
anesthetic agents and should be consulted to clarify those properties
important to the clinician.

Biotransformation and Elimination

As with any drug, the balance between rate of absorption and rate of
destruction influences the toxicity of local anesthetic agents. The physician
must be familiar with dosing limits and route ofelimination to avoid toxicity.

Ester-type local anesthetic agents are degraded very rapidly by liver
and plasma cstcrases. including plasma cholinesterxr.  This OCCIITS rapidly



The addition of epinephrine to local anesthetic solutions (I: 100,000
= 10 pg per ml; 1:200,000  = 5 pg per ml) reduces blood flow to the al-w
of infiltration owing to the alpha effect of the epinephrine. There are three
related effects:

Reduced blood loss
Prolonged duration of the block
Reduced plasma drug  levels and toxicity

The implication of this last effect is that a larger total dose of agent
may be administered when epinephrine is added (about 25  per ccn t
increase). Additionally, an increase in duration of action approaches 50 pa
cent for the short- and intermediate-acting drugs, but is much less apparent
for those drugs already possessing a long dwation  of actions (e.g., bupivi-
caine,  tetracaine,  and etidocaine).

Contraindications to the use of epinephrine are essentially those in
which vascular compromise is a possibility such as appendages (e.g., finger,
penis, ear, etc.) and Rap-type lacerations. As always, significant doses ol
epinephrine should be used with caution, if at all, in patients with
hypertensive and ischemic cardiovascular disease or pheochromocytomas.

Another common additive to multidose preparations of local anesthetic
solutions is methylparaben. An ester of parahydroxybenzoic acid, this agent
has antibacterial and antifungal properties useful in preserving the sterility
of multidose vials.’ The small concentration of methylparaben leads to no
direct systemic toxicity.’ However, methylparaben and its breakdown
products are felt to be responsible for some allergic reactions attributed to
local anesthetic agents. Thus, persons relating a history of allergy to local
anesthetic solution, and in need of local anesthetic, should not be admin-
istered solutions containing methylparaben. Allergy will be discussed latel
in this article.

NEUROPHARMACOLOGY OF BLOCKAGE

Local anesthetic  agents reversibly block transmission in all elements
of the periphcml  nervous systeln.  It is useful for the practicing emergency
medicine physician to l+vc some appreciation of the relationship between



Individual nerve fibers val-y in their degree of Imyclinization. speed of
conduction, and susceptibility to blockade. A-alpha awl A-lxta  fibers are
heavily myelinated, rapidly conducting fibers sulxerving  motor and prop,-i-
oceptive functions (Table 2). This degree of myelinization  leads to an
inability of weak local anesthetic solutions to produce mote blockade. The
persistence  of a sensation of pressure at the operative site, hut not pain, is
therefore explained.

A-delta and C fibers arc the least myelinated fibers, subserving pain,
temperature, and touch. These filxrs  are easily blocked by local anesthetic
agents, explaining the rapidity of onset of sensory blockade seen clinically.

B fibers, comprising prcganglionic  sympathetic fibers, are light11
myelinated and of intermediate sensitivity. Postganglionic  sympathetic
fibers are of the C class.

OIIC  is lnow able to explain what is olxcrved  clinically following the
block of a peripheral nerve.  Namely,  that sympathetic block (vasodilation)
is followed quickly by sensory blockade, with varial,le blockade of motor
function and proprioception.

TOXICITY
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loc,tl ;~IIc~\~IIc~~K~  i\ wrc~;  :ud ( 2 )  dosage limit5 :brc’  riwcl) .qq~~~~.wlli~l
K~~~~~ITI~~~II~\~.  tllc. ~m~cqc~~y  pllysiciall n111\1  I)(. idllc.  10 iclc~lltify tlac~ “:I&
n5L”  \~lllitlio~a,  35 will in tlrt, si.qn oI’~ysl~~t~~ic  tmritv ~110~~1~1  they OCC~LI

l,oc:ll mxslllc~tics :Incl ;scolnpmiyi~~~  p~cx.rvdtiw.s  iuc’ nunto*ir  tc,
11c,u1:tl  tihsllc  in .Iwil:d~Ic  prcpxktiws.  Il,~vtw~~r.  dircct  (l;un;l;q<,  tu 11<~rvr\
i\ lx~ssihlc  dllring I)lockxlc  should ucrvc  fihrrs 111.  I:lcrr,it<4  I)? Ill<. n~~~lk.
or i f  thr agent i s  injcctcd under  prcscl6,-<  i n t o  the 1uvc’5.  Iculill,q  10
prcrhr4rc  nccro~is  of ncrvc fihws.  It is tho-,4iwc I-(,cIII~IIII(~~I(I~~(I  that p:1r(w
tllcsix  not Ix, clicitcd b y  “nccdliug” th(. III’I’Y~, iuul 01u’  \lwuld  :linl 10
rl<,lxlsit the k~ill ancsthctic  new the nww. not in it.

Systemic  toxicity in everyday practice  is r:Irc. l’*ycl~~~~~l~~si~~l~~gi~~~ll~
medi:lted  vssovagal reactions, although unwl:ltcd to th(. dr11g:. xc pml,el~l!
tlrt, mosl cwumon “systemic” reactions  occurring dul-iug  the :Idlnitli\tl-;ltil,li
of local aucsthctic  agents. In fact, when intcwicwcd  closely,  most p:lti<wts
professing  a local anesthetic “allergy” al-c liwnd  to have suff&xl ii vesov;tqil
episode.

The systemic toxicity of local anesthetic agents may hecome  manifest
if the agent is injected directly intravenously or if it is rapidly ahsorhrd
firurn peripheral sites (“cumulative toxicity”).’ The major  manifestatiuu:,  01
systemic toxicity relate to the CNS and the cwdiovascular  system

The initial symptoms and signs of CNS toxicity inch& tinnitus.
drowsiness, I’4 tl .d dIL 1 xea e ness, and tingling of the lips. This pa-qgrcsscs  to :L
“thick tongue” and slurred speech and ultimately to tonic-clonic scizurc>.
Should these events follow dixct intravenous injection they UC waall\
self-limited and benign if handled appropriately. IIowevcr, significant CNS
toxicity resulting from a depot injection (c-g,, cxtensivc local infiltration) ol
local anesthetic solution may not be so self-limited  or benign end I-cquirc
active intervention to halt seizures and maintain ventilation.

By and large, the cardiovascular system is four to seven times less
susceptible to the toxic effects of local anesthetic agents than the CNS.”

Individual agents affect  the heart in varying degrees, although due to
similar mechanisms: a direct depressant action on cardiac and Y~SCIIIRI
smooth muscle, and on the cardiac conduction system.h  Direct cardiovas-
cular  depression is secondary to the effects of local anesthetic agents on
ionic conductance in these tissues. Rhythm and conduction disturbances
include bradycardia,  asystole, and ventricular tachycardia.’ Varving degree>
of heart block, direct myocardial  depression, and pump f&re also are
seer,.

When approaching the limits of toxicity of a particular agent, one must
be aware of potential adverse drug/drug interactions. The cardiovascula,
toxicity of local anesthetic agents may be increased by beta-blocking drugs.’
and perhaps calcium channel blockers.

Although vasovagal reactions and systemic reactions to the adrenaline
(e.g., palpatations)  contained in local anesthetic solutions may be I-elativel!
cwnmon, hypwsensitivity  reactions are distinctly uncomm~n.~  4

A true allergic reaction is characterized by urticaria,  edema, bron&-
sp.rsm,  and hypotension. Esters are more allergenic than amides and most
USC  Ireports  in the literature deal with this class. Proven allergy to mcnlbe,s
of the amide class is verv rare.’



CLINICAL USE

The USC of local anesthetic agents in the Emergency Dcpa-tmcnt  is an
indispensnble aspect of practice  in the treatment of surgical disease.
Although the anesthesiologist is generally considered to be the “expert”
when it comes  to loal anesthetics, and has as his or her domain the
performance of major  regional anesthesia (e.g., epidural and spinal), the
emergency physician performs blocks of a lesser magnitude with a fu
greater frequency.

Several general terms are used to describe the type of regional
anesthesia administered?

1. Local infiltration: the usual method of injecting local anesthetic
solution subcutaneously

2. Field block: the infiltration of a wall of local anesthetic to surround
an operative site

3. Neroc  block: regional anesthesia created by the injection of local
anesthetic agent near a nerve/or nerves supplying a particular area

4. Topical  anesthesia:  this type is self-explanatory.

Thus, the first decision to be made by the emergency physician is the
type of block to bc produced. Local infiltration, either through or alongside
a wound, is the usual method used to allow the care of smaller lesions.
More extensive areas are often ameoable to field or nerve block techniques,
saving time and reducing the amount of agent used. Typically, a field or
block is most useful for the incision and drainage of cutaneous or subcuta-



SUMMARY



Regional Anesthesia In The
Emergency Department

DEFINITIONS

Anesthesia is generally divided into two broad  areas: general anesthesia
and local anesthesia. Local anesthesia can he subdivided into major  regional
anesthesia (epidural  and spinal), and additional subsets of local anesthesia:

1. Topical anesthesia
2. Local infiltration anesthesia
3. Field block anesthesia
4. Nerve  block anesthesia

A field block is produced when a wall oflocal anesthetic solutmn  is infiltrated
subcutaneously around the horder of an operative field. A common example
is the incision and drainage of a cutaneous abscess, in which injection of
solution into the abscess  is painful and ineffective, while the subcutaneous
in.jection  circumfercntially allows adequate anesthesia. The rationale for
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As with all procurdures,  patient consent and cooperation  is csscnti;d  tu
a successhll  block. The physician should thcrelbre  explain to the paticwt
the indication and rationale fbr the procedure. The patient should bc mi&
ilwaw that the injection of local anesthetic will produce a boroiog  01
stinging sensation, which will be minimized by a slow speed of injectjo,,.

Most importantly, potential complications such as newe d~nagc  should
be described and discussed as necessary.  They al-e covered in this al-ticI<.
when the individual blocks are discussed.

Indications

The indutions  for regional anesthesia are as marry and varied as the
operative  procedures that require them. Regional anesthesia permits  the
painless management of a particular disorder.

Contraindications

Although rare, an absolute contraindication would bc an allergy to d
particular local anesthetic agent. This can be circnn~vented  by using :ol
agent of the other class  of local anesthetic agents. Infection io the arca  01
the block (i.e., the needle must pass through infected tissue) cootraindicatc\
the technique for obvious reasons. Coagulation disorders (PT greater tha,l
1.5 times control; platelets less than 50,000) may contraiodicate  blocks of
major ne~e trunks where accidental arterial punctwe  is a risk, but applic\
especially in spinal, epidural  and caudal anesthesia.

A previous neurologic  deficit in the area to be blocked constitutes 3
relative contraindication to neroe block anesthesia. The risk is that of a
possible enhancement of the preexisting disability due to damage to the
oewe by the block itself. The consequence is likely more a medico-lep;d
concern than a practical one.

Finally, poor  patient acceptance or cooperation, 01 a physiciao’,
unfamiliarity with a block, constitute relative cont~,indicatiol,s,

TECHNIQUE

Prcparetion  and Supplies

With the exception of into-avenous  regional aoesthcsi:l  (“Bier bIock”l.
all othw blocks rcquirc no additional equipment to that rcctoircd  for sitnplc,
infiltration  IIf local anesthetic solution.



3. Approrimation  to arteries-in many areas  of the body, significant ucrvous
structures ~~11  in conjunction with palpable arteries (e.g., femoral and uluar ~ICTY~S).
The relationship of nerve and artery is constant and precise and allows acrurate
deposition of local anesthetic solution. Such proximity, however, ~nnnd;ater  cautiotl
in ~~rf~rmmcc,  and the elimination of epinephrine  from the aucsthctic  solution.

An intravenous line should be established prior to a procedul-e (I) that
includes mtravenous  regional anesthesia, (2) may approach a toxic dose of
local anesthetic agent;  (3) where adjuvant intravenous medications may 1,~
needed.

COMPLICATIONS

Specific complications will vary with the particular block being dooc
and will be highlighted at tlK une those blocks are discussed. Howcvcl-,1 t’
certain complications are common to all techniques and include

1. NW&  I,rcakage



SPECIFIC BI.OCKS

I) Posterior superior alveolar block
II. Intercostal Nerve Block

III. Upper Extremity
a) Median nerve block at the wrist
b) Ulnar nerve block at the wrist
c) Radial nave block at the wrist
d) Metacarpal block

IV. Lower Extremity
a) Anterior ankle block
b) Posterior ankle block

Head and Neck

a. Ear: This block is particularly useful in repait-ing  complex lacerations
of the pinna of the ear and is essentially a field block (Fig. 1). The sensory
supply of the pinna is derived h-on>  branches of the lesser occipital, grate,
auricular, and auriculotemporal  nerves that travel subcutaneously to the
ear. Islands of unanesthetized skin may remain surrounding the external
auditory meatus and auditory canal due to supply by the auricular branch
of the vagus.

The skin is prepared and a wheal  raised with a %-gauge  needle 1 cm
caudad  to the base of the lobe. A 2%gauge, 1% inch needle is advanced
subcutaneously anterior and posterior to the ear and local anesthetic solution
injected as the needle is withdrawn. This procedure is mntinued around
the circumference of the ear with due caution in the vicinitv  of the tempor;jl
artery.

The use of a “donut” in positioning the patient’s head may facilitate
stabilitv  for iniection. Local anesthetic solutions containing epinephrinc, _
should not be used for obvious reasons.

b. Supraorbital Nerve Block: This block facilitates complex or extensive
repairs  of the for&ad  as far back as the lambdoidal  suture (Fig. 2). It is
especially useful in the cleaning and repair of “road” and “glass” ~-ash  of
the forehead.
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lucati~n of the nerve is easily identified since it lies between flexor cal-pi
radiala  and palmaris longus  tendons.

The skin is prepared and a skin wheal  is raised with a E-gauge nccdlc
between these two tendons at the level of the proximal wrist crease (ulnar
styloid). This should be just proximal to the proximal limit of the ca+
tunnel. A 2%gauge  1% inch needle  is advanced to a point just deep to
palmaris  longus  tendon and 5 ml of solution injected slowly (Fig. 13).

Should paresthesias be elicited, the needle should be withdrawn
>ligbtly  to avoid nerve fiber damage  or intrnneural injection. Carp”l  tnnncl
syndrome is a relative contraindiction,  for obvious  reasons.

II. Ulnar Nerve Block at tlw WI-ist: The indications, as fur tbc median

IICIV~, ax’ I-epCs  in the distribution of this nave.  The ulnar IICI-ve at the
u I-ist I& between  the flexor carpi ulnaris  tendon and the uln:~r .wtcl-y.

A \kin whcal  is I-aiscd  at the level of the proximal wrist weax (ulmu
styloid) bctwccn  t h e  tendon a n d  t h e  artery. T h e  22-g;n1ge  nr~dlc  I S
ddwnccd  to a dcptb of 1 cm :md .5 ml of solution is injcctcd after c;u-cful
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d. MCtiwquI  I3l”ck:  This block is indicated fbr repins  aud I-cductl”llr
involving any “f the fingel-s. I wnsider  metacal-pal bl”ckadc  pl-clcl-;~blc to
digital block II~CBIIS~  of the vascular supply of the digits. At the Icvcl (II
the wcbspace  the radial and ulnar digital arteries are “end” arteries.
I~owever, at the level of the metacarpal heads (distal palm;v  crease) tlrc
superficial and deep palmar  arterial arches  send independent contributions,
anastomosing to form the digital arteries. A” illjury to f”ur arteries is 1~5,
likely than to two, favoring metacarpal OVCI’  digital blockade. however,  ,,“t
all authors agree. ‘. 2

FWI~ wsvcs rntw c;lch l inger :  dr~sal  :md palmar, radial  end ,~l”,sr.
The “peratol-  initially holds the patient’s hand palm up slightly hy~,c~~.~.
tending  the metxqxl  joint of the digit t” be blocked  At 25.gauge,  x
inch needla is incel-tad  i” the midline “f the skin rrcase at the base “f tllC
finger  to tl-SJcl  Slll~cutanclJllsly,  parallellcd  to tho pdm in the dil-ccti”ll tllc
digital ~WVC sh”uld take. The ncedlc is xlv:mccd  to the hilt, pIaci”g it :tt
th” level of the distal pdm:u cwase. A\pil-:ltion  is pcrf&med.  and :I ,111  0I
solutiw  is dctwitcd. The ~nccdlc is withdl-;rwu  t” skin (l,l~t n”t o(,ti  ,,,,<I



redirected  towards the opposite volar digital nerve in like fashion (Fig. 17).
If the lesion to be repaired extends dorsally, the relevant digital ~nerves can
be blocked in addition by the subcutaneous infiltration of solution over  the
metacarpal joint of the appropriate digit (Fig. 18). Local aoesthctic solutions
containing epinephrine should not be used in blocks of end organs.

Lower Extremity

a. Anterior Ankle Block: This block is useful for operative  procedures,
repairs, and reductions involving the dorsum of the foot.

Three  nerves supply sensation to the dorsum ofthe foot. The ~upcrficial
pcroncal  ncwe has several b,-an&es  that course subcutaneously ;uterior  to
the latcl-al malleolus.  The deep peruneal  travels with the anterior tibia1
artmy,  between and deep to extensor hallucis  longus and tibialis anterior
tendons at the level of the malleoli.  The saphenous nerve I uns ~obcutanc-
ourly with the long saphenous vein anterior  to the nxdial m.~lleolus.  Owing



to the unprcdictibility of the territories supplied by these three nerves, the
anterior ankle block blocks all three.

Prcl~~~~e  the area of the anterior ankle with the patient lying supine
and the ankle slightly plantar flexed. Identify the groove bet\\.een the
extensor hallucis  longus and tibialis anterior tendons at n point parallel to
the top of the medial malleolur,  and raise a skin wheal  (Fig. 19).  use  Cl 10
ml syritlgc  fill1 of locnl a!lcrthetic agent, and a Z-gauge  3% inch spinal
needle to cntcr the skin m a perpendicular  dil-ection.  Advance to 3 point
deep to tlw tendons and slowly inject 5 ml of agent. Withdraw the needle
to, but Ilot utlt of skin, and ~~V:UKC sobcutaneoo,Iy  to the top of the medial
I~~~~ICOIIIS  (Fig. 20). Aspirate and deposit 5 ml of agent in this arrCi.  l{eloCld
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