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ANESTHETIC NERVE BLOCK AND METHOD
BACKGROUND OF THE INVENTION
Field of the Invention
This invention relates o the pain relief and more particalarly, this invention relates o an

puproved anesthetic nerve block and method.

Description of the Relaied An

Recognizing opioid prescriptions are a major gateway 1o opioid addiction with more than
3M1,000 deaths due to opioid overdoses worldide. This invention shows how to replace oploids
for pain reliel with nerve blocks lasting for days which could replace the need for opioad drugs
after suwrgery and trawma.

The recent opioid crisis has focased world attention on the need to provide non-addictive
post operative pain relief for patients afler surgery, frauma, and other painful occurrences. The
large number of peripheral nerve blocks (PNB's) by anesthesiologists ilustrates our recogmition of
the atility and effectiveness of such nerve blocks in the treatment of pain without the need for
addictive opicid drags.

Pain studies have indicated sharp pain (A-delia pamn fibers) largely subsides in 48 hours
after wncomphicated abdomunal surgery. Even inflammatory diffuse pamn (C-painy fibers? &5 mosily
subsided after 120 howrs in such surgeries. Thus, the requirernent for a post-operative analgesic
capable of lasting 120 hours s elimination of the need for opioid prescriptions s the goal.

Unfortunately, such post-operative analgesia by PNB's has classically been hinuted 10 24
howrs or less, depending on the local anesthetic selected for the block. Inclusion of alpha-2
agonists (cloniding, dexmedetonudine, elc), stevoids, and even epinephrine have been used fo
molong these blocks, though only st longer than that achieved by local anesthetics alone. Even
with the longest-acling local anestheties with muliple adjuvanis, effective analgesia rarely lasts
more than 24 hows in peripheral nerve blocks. The following patents and publications are
representative of attempts of the prior ant to advance the trigoey punp an.

WS, Patent 4,693,576 to Ekenstam discloses a local anesthetic, L-N-n-propvipipecolic
acid-2,6-xylidide, i3 prepared by chlorinating L-pipecolic acid to vield the acid chionide, namely
L-pipecolic acid cldoride. The acid chloride is then vescted with 2 6-xylidine to vield L-pipecolic

acid-2 6-xyhdide. The L-N-pipecolic acid-2.0-xvlidlide 15 then propvlated o yvield the L-N-n-
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propyipipecolic acid-2 -xylidide, which is a potent local anesthetic for humans and is of
refatively fow toxicity.

US. Patent 5,192,527 to Abrahimsohn discloses a methed of controlling the duration of
local anesthesia and a reagend system or kit for inducing and limiting the duration of local
anesihesia is described.

LS, Patent 5,777,124 1o Zavareh et al. discloses a process for preparing levobupivacaine,
racemic buptvacaine or another N-alkyl analogue thereof, comprises chiorinating pipecolic acid
hvdrochioride, amidation of the resultant pipecolyl chioride hydrochloride in solvent, withom
isofation, with 2 Gdimethviambine, and alkylation of the resaltant pipecolic acid 2.6~xyhdide.
Alternatively, the alkylation may be followed by the amidation.

LS. Patent 5,849,763 o Bardsley &l al. discloses levobupivacame ((5)-1-buty-N-(2.6-
dimethylpheny-2-piperidinecarboxamide) uselfol as s anesthetic, particulirly in a patient who is
CNS-compromised or predisposed to CNS side-effects. 1t is also usefid as an anesthetic in
obstetrics.

LIS, Patent 5919804 to Gennery discloses levobupivacaine used for providing anesthesia
or analgesia tn o howman patient in and after facial surgery, especially in dentistry or ophthalmics.

U.S. Patent 5945435 10 Evetis discloses levobupivacaine particularly suitable for use in
anaesthetising a human patient priot {0 surgery that does not require hospitalisation for more than
12 hours alter loss of motor block., Because of s beneficial motor block/ensory block
characteristics, levobupivacaine can be used for “daycare’ surgery.

LS. Patent 3935479 to Bardsley el al. discloses use of levobupivacaine for the wreatment
of chronic pain in a patient. Levobupivacaine used in the subject methods is substantially free of
dexhuptvacaine. The methods of the invention can be used, for example, to treat pain in patients
that are cardine compromised, suffering from central nervous system damage or cancer.

U5 Patent 6019994 1o Evelts et al. discloses levobupivacaine ov ropavicaine used fo
treat migraine.

US, Patent 6,069,135 to Mather et al. discloses a method of anesthetizing & human patient
prior 0 major surgery, which comprises the administration to the patient of at least 200 mg
levobapivacaine.

LS, Patent 6,156,900 0 Dyer et al. discloses a process for the preparation of optically-
enriched pipecolic acid as a salt with an optically-active acid, comprises asynunetric
ransformation of pipecolic acid, as a racemic mixture of a mixturs enriched 1 the opposite

evantiomer from that desived, with the optically-active acid in a solvent comprising an acid that
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causes racenmisation, i the absence of aldehyde.

LS. Patent 8,828 452 10 Abrahmsohn discloses methods for providing post-operative pain
control or rehief 1o o potient are disclosed. Methods nclude, for example, advunistering
bicarbonate to an area of a patient during a sargical or dental procediwe, near complstion of a
surgical or dental proceduore or immediately following a sargical or denta] procedure, n an ares
previously administered or containing a regional or local anesthetic in an mmount sufficient to
provide the patient with pain control or relief for a period of time afier the surgical or dental
procedore.

WO 19967028426 1o Dyer et al. discloses an optically-enniched N O-dialky] pipecolates
are useful in the preparation of levobupivacaine and related analgeswes. They may be prepared
simaply by diatkyvlating opticallv-enriched pipecolic acid by reaction with an alkylating agent, m
the presence of base and a polar aprotic sobvent.

Although the forgoing patents have contributed fo the advancement of the prior art, there
is still a need for a long-lasting local anesthetic capable of providing post-surgical and post-
rmanatic analgesia of 120 howrs or more, thereby greatly diminishing the need for opioid
prescriptions for these occurrences.

Therefore, # is an object of the present mvention o provide an improved anesthetic nerve
block that provides a substaniial advancement to the art.

Another object of the present vention is o provide an improved anesthetic nerve block
that may be quickly dispensed.

Another object of the present invesntion is {o provide an improved anesthetic nerve block
that may be easily dispensed.

Another object of the present invention is 1o provide an mproved anesthetic nerve block
that may be dispensed into a living organism with a low risk of harm.

Another object of the present wvention 15 o provide an mproved anesthatic nerve block
that ny be altered to vary the time duration of the nerve block.

The foregoing has outlined some of the miore pertinent ohjects of the present invention.
These objects should be construed as being merely Hlustiative of some of the more prominent
featares amd applications of the mvertion.  Many olher beneficial resolts can be oblamed by
modifying the invention within the scope of the invention.  Accordingly other objects in a full
understanding of the mvention may be had by referring to the summary of the imvention, the
detailed description describing the preferred embodiment in addition io the scope of the invention

defined by the claims taken i conjurction with the accompanying drawings,
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Sumnuary of the Invention

The present invention is defined by the appended claims with the specific embodimenis
shown in the sttached drawings. For the purpose of summarizing the invention, the invention
comprises an wnproved anesthetic nerve block for interrupting the electrical potential of a nerve
and relieving pain within g living organisme. The nerve has an axon covered by a nerve
membrane. The anesthetic nerve block comprises a dispenser including a storage body, a transfer
body and a tip for positioning adjacent to the nerve. A local short acting anesthetic 18 n the
storsge body. A physiologic carbonate base is in the storage body. The local short acting
anesthetic and the physiologic carbonate base are dispensed from the tp of the dispenser where
the local short acting anesthetic facilities the penetration of the physiologic carbonate base
throngh the nerve membrane and into the axon, A local long acting anesthetic is in the storage
body. The local long acting anesthetic is dispensed from the tip of the dispenser and penetrates
through the nerve membwane and into the axon. The local long acting anesthetic and the
physiologic carbonate base cause a precipiate and foroung a crvstallization compound for
creating a prolonged local nerve block.

fn one ambodiment of the mvention, the local short acting anesthetic s lidocaine.

In another erabodiment of the mvention, the local long acting mesthetic 15 selected from
the group consisting of bupivacaine, levo-hupivacaine, ropivacaine and tetracaine.

In another embodiment of the mivention, the physiclogic carbonate base is selected from
the proup consisting of sodium bicarbonate, sodivm carbonate and sodiem hvdroxide.

In another embodiment of the mvention, the local short acting anesthetie 18 in the storage
body. A steroid is in the storage body. The local short scting anesthetic and the steroid are
dispensed from the tip of the dispenser where the local short acting anesthetic facilities the
penetation of the steroid through the nerve membrane and fnto the sxen. A local long acting
anesthietic is in the storage body. The local long scting ancsthetic s dispensed from the tip of the
dispenser and penetrates through the nerve membrane and mto the axon. Tha local long acting
anesthetic and the stevoid cawse a precipiiate and forming & arystalhization compound for creating
a prolonged local nerve block.

In ancther embodiment of the mvention, the steroid base is selected from the group
comsisting of dexa-methasone, beig-methasone and triamcinolone.

The present invertion further comprises o method for ereating an anesthetic nerve block.
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The anesthetic nerve block mterrupts the electrical potential of a nerve and relieves patn within a
living orgamsm. The nerve has an axon covered by a nerve membrane. The method comprising
the steps of dispensing a local short acting muesthetic from a dispenser for positioning the local
short acting anesthetic adjacent o the nerve. A physiologic carbonate base is dispensed from a
dispenser for positioning the physiologic carbonate base adiacent {o the nerve where the local
short acting anesthetic facilities the penetration of the physiologic carbonate base through the
nerve membrane and o the axon. A local long acting anesthetic is dispensed from 3 dispenser
for positioning the focal long acting anesthetic adjacent to the nerve where the local ong acting
anesthetic penetrates through the nerve membrane and into the axon and the local long acting
anesthetic and the physiolegic carbonate base csuse @ precipitate and form a crystallization
compound for creating a profonged local nerve block.

In another embodiment of the nvention, the method cowprises the steps of dispensing &
local short acting anesthetic from a dispenser for positioning the local short acting anesthetic
adjacent o the nerve. A local long acting anesthetic i dispensed from a dispenser for positioning
the local long acting anesthetic adjacent to the nerve. A physiologic carbonate base is dispensed
from a dispenser for positiomng the physiologic carbonate base adjacent to the nerve where the
local sheet acting anesthetic facilities the penetration of the physiologic carbonate base through
the nerve membrane and mto the axon and where the local long acting anesthetic penetrates
through the nerve membrane and into the axon and the local long acting anesthetic and the
physiologic carbonate base cause a precipitate and form a crystallization compound for creating a
profonged local nerve block.

The forepoing has outhined rather broadly the more pertinest and important feateres of the
present invention in order that the detmiled description that follows may be better understood so
that the present contribution to the art can be more fully appreciated. Additional features of the
mvention will be described heremafier which form the subject matter of the wvention. Tt should
he appreciated by those skilled in the art that the conception and the specific embodiments may be
modified for carrving out the same purposes of the present invention. 1t shoudd also be realized by
those skilled in the art that such equivalent constructions do not depart {rom the spirit and scops of

the inveniion.

Brief Description of the Drawings

For a fidler understanding of the nature and objects of the myvention, reference should be
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made to the following detailed description taken in connection with the accompanying drawings
m which:
FIG. 1 is side view of a living organisre having a sciatic nerve where an anesthetic nerve
block sohution i3 1o be used for relieving pain;
5 FIG. 2 is an enfarged sectional view of the sclatic nerve of FIG. 1;
FIG. 3 is gu enlarged portion of FIG. 2;
FH. 4 15 an isomeiric view of FIG, 3;
FIG. 5 is a sectional view of FIG. 4;
FICG 615 a view sidar to FIG 3 iHustrating o mvelinated neuron (A-delta Gber),
16 FIG. 7 1s an enfarged portion of FIG. 6,
FIG. B is a view simifar to FIG. 3 ilhustrating a wnmyvelinated neuron (C- fiber);
FIG. 9 is an enfarged portion of FIG, §;
FIG. 10 is 8 view similar o FIG. 4 illustrating injeciate of lidocaine and NgHCO3
MNa2CO3 (plus possible adjuovanis);
15 FIG. 11 is a sectional view of FIG. 1€,
FIG. 12 is a view similar (o FIG. 10 tlastrating bupivacaine carbonate precipitate;
FIG. 13 is a sectional view of FIG. 12;
F1G. 14 is a view similar to FIG. 12 illusttating the nodes of Ramvigr with extra-axonat
deposits of bupivacaine carbonale precipitaie orystallizing;
20 FHG. 15 s a sectional view of FIG. 14;
Fi3. 16 is an enlarged view of FIG. 13;
FIG 17 s a side view of a first embodiment of a dispensar for dispensing the anesthetic
nerve block soluton;
FIG. 18 is a side view of g second embodiment of the dispenser for dispensing the
25  anesthetic nerve block solution;
FIG. 19 s an enlarged portion of FIG. 18;
FIG. 20 s a side view of o third embodiment of the dispenser for dispensing the anesthetic
nerve block solution;
FIG. 21 13 an enlarged portion of FIG. 20;
30 FYG. 22 is a side view of a fousth embodiment of the dispenser for dispensing the
anesthetic nerve block solution;
FIG. 23 is a flow diageam of the first method for dispensing the anesthetic nerve block

solutiow, and



WO 2023/215604 PCT/US2023/021229

-

FIG. 24 15 a flow diagram of the second method for dispensing the anesthetic nerve block
solution.
Stmilar reference chavacters refer 1o similor pants throughout the several Figures of the

drawings.

Detailed Description

FIGS 1-24 ilustrate an improved anesthetic nerve block and method. With reference 1o
FIGS. 1-9, a peripheral stimnlus 38, such as o pioprick o an amm o leg, must ravel down s

16 associated nerve o counect al the spinal cord before it can be transmitied to the brain where that
pinprick s perceived. This ransmission of the nerve electrical impulse from the periphery to the
bram is achieved by the depolarization of the sodivm/potassiom poteatials 56 across the perve
membrane (axolemnw) 54 in the axon 24, These action potentials 36 in nerve firmgs How as a
result of sequential depolarization down the nerve Iiber from periphery to spinal cord i the

15 conduction of a nerve impulse.

Such depolarizations may flow from one node of Ranvier 20 to the next in myelinated
nerve fibers, as illustrated in FIGS. 6 and 7. These depolarizations ave quite rapd and point-
specific i the receptor field as found in A-delta nerve fibers 50. A-delta nerve fibers propagate
toward the spinal cord at 5 1o 25 meters/second.

20 Alternately, nerve impulse may propugate down unmiyelinated axons ss are found in type
A-delta diffuse pain nerve fibars, iflustrated in FIGS. 6 and 7 and in type € diffuse pam nerve
fibers, illusirated i FIGE. ¥ and 9, Here a stinwlus causes a nerve impalse propagation in both
directions, but the direction toward the spinal cord propagates and continues more readily.
Impulse propagation in C-fibers 68 s considerably slower than A-delia fibers at only 0.1 10 2.0

25 metersisecond in those C-fibers 60 conducting pan mpulses.

Local anesthetics produce numbness and pam relief by miervupting the nenve's elecirical

sodinnypotassiurn action poiential as i sequentially conducts a nerve impulse, either at the nodes
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of Ranvier in A~ delta sharp pain fibers (FIGS. 6 and 7). or along the unmyelinated C- diffise
pamn fthers (FIGS. 8 and 9} Interruption of this action poiential, at three sequential nodes of
Ranvier in A-delta 8ber or equivalent axonal swrface of a C-fiber, is enoagh to block the nerve

impolse as it attempts 1o travel down the nerve's axon to the spinal cord. In this manner, local

w

anesthetics may block both sensory and motor impalses in both A-delta and C-fibers, either as a
central (spinal or epidural) or peripheral nerve blocks.
Degree of motor versus sensory block is highly vartable with different local anesthetics.
While some tocal anesthetics demonstrate an equal potency for motor and sensory block {such as
etidacaine), others show a muich greater propensity for sensory blockade over motor blockade
10 (such as bupivacaine). In terms of long-lasting local anesthetic blocks for the prevention of post-
operative pain, the amide longer-acting local anesthetics (bupivacaime, ropivacaine, and
derivatives) are far superior as these maximize the period of pain relief while minimizing motor
blockade. Such long-lasting nerve blocks greatly reduce or even completely eliminate the need for
opicid pain medication after surgery if they can be made 1o last long enough. To tus end,
15  bupivacaine aml ropivacaine have proven the most efficacious local anesthetics curremly
available.

In the past, other intellectual property has explored the sxiension of sensory newrsl
blockade with extensions of analgesia to 72 houss achieved by injection of physiologic bases
duoring or after surgery over a prior mjection of a jocal anesthetic nerve block. However, this

20 previeus intellectual property, while extremely broad in ds claims, lacks the precision and
andersianding of the intraneural mechanisms that result in extension of the analgesic period to 120
hour or move. Specificatly, Abrahmsohn rgjects the simultaneous combination of local anesthetic
with sodiam bicarbonate {NaHCO;} or sodium carbonate (NaxCOk), a step essential 1o this present
wvention,

25 The present invention as shown in FIGS. 10-24, mcludes a fong-lasting local anesthetic 09
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requiring the combination of the physiologic base 78 with a shorter-acting amide local anesthetic
76 as it "opens the door” o the penetration of NaliCO:/NaxCOy along with a 1irst Jocal anesthetic
through the axolemma Gxon nerve membrang} o the body of the axon. It is this resolting
penetration of NalHCOWNaCO: mio the axon uself, when subsequently combined with
subsequent  amide  Jong-acting  local  anesthetic  (ALALA-bupivacaine,  levo-bupivacaine,
ropivacaine) that resalts i the wira-axonal and extraaxonal precipitation and crystathization of an
ALALA-carbonate compound 82. 1t ts this ALALA carbonate precipitate and erysiallization 82
that is the cause of {20-how or longer analgesia. As Abralunsohn specifically prohibits this direct
mixing of NaHCO; and ALALA drogs, the present mvention including ALALA-carbonate
precipitation and crystallization in vivo & in direct opposition to Abrahmsohn's imtellectual
property. It is only by forming this precipitate and crystathization in and on the target nerve that &
120-honr block can be achieved.

Mechamsm of Formation of the ALALA-Carbonate Precipiiate and Crystals

As shown in FIGS. 18 and 11, the first step of this novel long acting local anesthetic is the
mjection of a shorter-acting ALA drug that dogs not precipitate i alkalme solutions of pH 10 or
less, such as lidocaine 76, with sodium bicarbonate (NaHCUOy) sodwen carbonate (NayCOy¥
sodiign hydroxade (NaOH) mixtwre, and is in direct opposition 1o the simulianecus use of local
anesthetics and sodimn carbonate/bicarbonate bases i prior art (Abrahmsohn). The addition of
alkaline NaHCO» NapyCOyNaOH mixiure to hdocaine raises the pH of Hdocaine and s
profounated () 720 unprotonaizd{-} balance shifts predominantly (~-93%%) to wunprotonated ()
molecules 70. This unprotonated form 70 of lidocaine 76 will more readily penetrate the nerve
membrane {axolemnm) 34 into the axon 24, though, beiny wcharged, it will not cause nerve
impulse blockade (pain relief and mumbing). Becaose of #s small sive, NaHCO; and NayCO;
move concutrently into the axon 24 readily with unprotonated lidocmine (-) 70, creating a

temporary alkaline wira-axonal environment. Some of the anjonized lidocame(-) within the
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neoron will then begin fo equilibraie to form the newologically active ionirzed lidocaine {+)
responsible for blocking nerve impulsss through the newron. This protowated lidocame () 72
wnterferes with the nerve’s sodium-potassium pump and nactivates it thus cassing the blockade of

nerve impulse fransmission down the perve, and a verve block forms (numbing). With three {3)

w

nodes of Ranvier thas blocked, no nerve impulse can pass down the axon, resulting mn the nerve
bemng actively blocked by the local snesthetic.

As shown in FIGS. 12 and {3, once NaHCOQ:/ NaxCO4 s substanttally inside the axon 24
{which occurs within seconds of jection over the nerve), a second injection is made of an amide
long-acting local anesthetic 80 such as bupivacaine (shown in FIGS. 12 and 13 as an example of
10 ALALA compounds). Because of their elevated pKa's, ALALA drugs will form a crystalline
precipitate 82 in an alkaline environment, both intra-axonally and extra-axonally (at the nodes of
Ranvier 20 in A-dela fibers and generally around the axon in C-fibers). When mixed in equal
proportions  with 3.4% NaHCQ,, 0.75% bupivacaine solution {225mg bupivacaine) will

precipifate 92.53% of the bupivacaine drag mass (only 7.47% remains in solution). Similarly,

precipitated ropivacaine with only 3.50% remaining i sohstion. s anticipated levo-bupivacaine
will react simdlaly o levo-ropivacaine at 96.5% conversion (o precipitaie and crystallization

whea this drug becomes avatlable,
As shown i FIGS. 12-16, the crystalline ALALA-carbonate precipitate 82 {bupivacaine
20 carbonate shown in FIGS. 12-16) will collect and crystalize n and around the nerve’s axon 24 i
both A-delta and C-fibers 90. Together, these alkaline ALALA-precipiiates {(at pH's »7.4)
condensing nto larger erysials to form an mactive depot of focal anesthetic 90 which only stowly
degrades into its unionized form (ALALA-) + HO &CO; 96 before re-equilibraiing into the

tonized form {ALALA+) that continues the nerve blockade and s resultant pain rehef for

b
in

paitiple days. Thus it i the alkaline pH of the ALALA-carbonate precipiiate orestals that are
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responsible for the extended verve block lasting days.

The m-vivo formaiion of a crysiallme bupivacame carbonaie collects as a precipitate
deposit within and outside the axon (at the nodes of Ranvier in A-delta fibers and along the whole
axon in Ofibers).  While much of the extra-axonal bupivacaine carbonate is eventually swept
away by circulating lymaph, a stewificant percentage remiaing 10 act a5 a bupwvacmine depot
conivtbuting o the extended duration of the nerve block. Maost of the extension of nerve block
duration 15 due o the quantity of buptvacaine carbonate precipitate formed within the axon m both
A~detia and C-fiber newrons,

ALALA-carbonate precipitating within the body will not remain stable, but will rather
break down 1o the unprotonated () form plus carbon dioxide (CO;), water (H0), and salt (NaCh
as the alkaline environment within the axon returns toward normal pH 7.4, €Oy, Hy0, and Na(l
reabsorl o the lymph and bloed wherein Hy0 and NaCl are eventually climinated through the
kidveys and CO; through the hungs. Because the initial breakdown of bupivacaine carbonate
penerates uaprotonated (-} bupivacaine in an alkaline milien, protonated (+) bupivacaine
generation is hmited but is enough to extend the duration of the established nerve blockade. As
more of the pH of the alkaline mira-axonal miliew retens toward pH 7.4, more and more of the
bupivacaine carbonale gains a proton, becomes active blocking the newron's sodiwm-potassivm
pump, reinforcing the nerve blockade until finally all of the bupivacaine carbonate has broken
down {o buprvacaine {~), protonaled to bupivacaine (3}, blocked the nerve receptors, and been
metabolized. Only as the last of the bupivacame {(+) is metabolized does the nerve block effect
wear off in individual A-dela and C-fibers.

Because perve metabolism m A-delta fibers is more rapid than C- fibers, the A-delta pain
fibers will recover normal sensation more wapidly than their C- pain fiber counterparts. This
generally results in an A-delta verve block lasting 48-72 hours. However, the desiable C- pain

fiber block can last 120 hours or more. Sensory nerve blocks of 120 hours can rehieve the need for
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opiotd-based analgesics after sargery. It is this elimination of the need for post-operative opioid
prescriptions will close the pateway that now exists, the gateway by which many people enter fito
opioid addiction,

Adiuvants

w

Other peripheral nerve block adjuvants 89 may be added tus ALALA-carbonate block to
augment it. These include epinepbrine as a vascolar marker and vasoconstricting agent, o
agomsts such as clonidine, dexmedetomidine, cfc. and steroids such as dexamethasong,
betmmethasone, triancinolone ete. Steroids 88 separately can orvstallize amide local anesthetics
by themselves and augment the crystallization/precipitation also caused by NaHCOy | NagpCOq,
10 NaOH and other physiologic bases by # separate mechanisia.

Recently it has been noted that phvsiologic bases 76 (NaHCO; / NaoCO; /NaOH) are not
the only compound class capable of precipitating local anesthetics, ALALA compounds in
particular,  Steroids 88 also have this effect precipitating ALALA compounds. Whether this
resulis in intanewal or extranewral deposition of ALA local amesthetic is not yet clarified,

15  However, it is already known in the lueratwe steroid supplementation of ropivacame and
bupivacaine in ALALA peripheral nerve blocks can extend blocks normally fasting 16-hours o
24-howrs and sometimes up to 30 hows. In this invention, inclusion of steroads in the ALALA-
compound blocks does extend the resulting analgesia, whether by miranewal (wxonal) or
extraneural deposition of the ALALA-carbonate compound. However, elimination of NaHCOs

20 wvariably resulis m blocks of ~30 howrs or less.

it is relevant to this invention to note vanable combinations of drug masses for NaCQs,
NaHCO: and various sterowds (owrently dexamethasone and betamethasong), can resuli i
titratable time frames for analgesia, depending on how long analgesia after surgery is desired. It is

conceivable various combinations of NalCO; (pH=8-9) and Na:xCO; (pH=10-11) can create any

b
in

desired alkaline miliew to control absorption of carbonate base into the axon of neurons as well as
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that milieu's pH. pH is the control determining the quantity of precipitate and crvstal size in the
formation of ALALA-carbonates and is further modified by corticosteraids. As we have
discovered, even higher concentrations of NaHCOOs NaxCOs andior steroids can result in
considerably longer periods of analgesia exceeding 120-bowrs. Thus, crestion of predictable and
titratable wnalgesic pertods s & function of the drug masses and concentration of constituent
components m the ALALA~carbonate nerve block. Thus, a nerve block can be programmed to
last for a speaific period as a function of the masses/concentrations of each component in that
ALALA-compound block.

Protocol for the Creation of the ALALA-Compound Nerve Block

As shown i FIGS. 17-23, the establishment of 8 S-day peripheral nerve block fvolves
the injection of two separate and sequential solutions to form the ALALA-compound precipitate
and crysials m vivo around the nerves for specific nerve blocks. These solutions form the
ALALA-compound precipitates and crystals. As the two sohumions must be kept separate until
injection over the specific nerve is accomplished, the solutions miay then react o form the
ALALA-compound precipiaie and erystals in vivo,

This separation of solutions by two different means:

1. The sequential injection of two separate sohstions through a single needle (FIGS. 17-19
and 22},

2. The simudlaneous ingection of both solutions through a bifurcated necdle where mixing
occurs only at the nesdle tip(s) opposiis the target nerve (FIGS .20 and 211,

These alkaline solutions are:

1. Sohution 1- 49 hdocaine + 1200,000 epinephrine + R.4% - 10% NaltCOs Proporiions
of 4% lidocaine and 84% NaHCO: NayCO: are equal. Epinephrine 86 is present at a
concentration of ~3Imcgdnl, primarify as a standard vascubar marker producing mild tachyeardia if

leakage into the vascular system occwrs, When Solution 135 given, o palse-oximeter or EKG
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rhyilen steip must be run © confirm no tachycardia for 2 ounates to ensure Sohition | has no
leakage inio the vascelar systemy with a resalting tachycardia greater than 13% above baseline
pulse.

As amide longer-acting local anesthetics can be cardiotoxic and can cause seizures, even

w

cardiac arvest, such a provision to prevent madvertent injection of Solution 1 into the vascudar
system is 8 mandatory requurement, This precaunbion is critical for pattent safety with ALALA-
compound blocks,

This use of epinephrine as described in 1. and 2. is the exact protocol currently followed
{test dose) in all hospitals since the 1980' to prevent cardiotoxic reactions o ALALA drugs in an
10 epidural cathieter after placement and prior to use.

2. Should a tachycardia of {3% or more over baseling pulse occur during the slow
injection of Solution 1, the bloek is inunediately aborted as the tachycardia from epinephrine 86 is
takent as proof of xtravascudar leakage of Scolution 1. Under such conditions, if Solution 2 is
subsequently injected, Local Anesthetic Systensic Toxicity could resull with patient seiaues and

15 cardiac arvest. For this resson, a standard protocol wail of 2-minudes is given between the hijection
of epineplwine containing Solutton | and Selution 2. Solution 2 is injected only i no ncrease m
pulse rate greater than 15% above baseline is determined within 2 mimstes.

3. A clearing solution 84 mjection through the needle to prevent the mixing of Solution 1
with Sofution 2, thereby crealing a precipitate/crystals which can clog the tumen of the needle

20 belore the fidl tiyection of Solution 2 can be accomplished. This would prevent the complete
mixing of Solutions 1 and 2 and thes incomplete precipitate’crystal formation. Solution 1 must be
washed clear from a single-lumen needle before Solution 2 15 injected to prevent this.

4. Solution 2- (175% Bupivacaine, .75% levo-bupivacaine, or 1% ropivacaine used as a
single component for Solation 2, uspally 1n a volume equal to Solation L

25 If lugher concentrations of ALALA compound components gre utilived, forther
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prolongation of the analgesic block with greater and larper crystal formation can be achieved. As
NaHCO: is already a saturated sohdion, atterapling to rase the mass of NatiCO, in the solation
and thereby the pH is not possible. Bt this can be done by increasing the NaxCO; concentration

i1 the NaHCOy: NayCOy mixture and thereby raising the pH to provide a higher pH i the final

w

mixture, resulting i greater precipitate and crystal fommation.

When physiologie 8.4% NaHCO: (&t a pH ~8) is added 0 an equal volume of 4%
lidocaine in Solution 1, the final concentration of NaHCO; and Lidocaine are cut to 4.2% and 2%
respectively, aud the pH drops. This is frther dituted when an equal volume of Solution 2 is
added to this mixture perineurally to form the precipitate with only 2.1%% NaHCO;. This dilution
10 lowers the acidbase balance of the final solption to a point only margnally above pH 7.4

{physiologic).

if the pH of the NaHCO; of Solution 1 is elevated by adding Nax(CO; 1o a point where the
pH of the final penneural solution s ~pH=8, far greater concenirations of ALALA-carhonate
precipitate can be formed, resulting in longer to mwuch longer, periods of analgesia from the nerve

15 block. This can prove very useftd m larger and more complex surgeries, and even chronic paim
syndromes.

As the pH of the physiologic bases in Solution 1 are raised fo prolong analgesia, the same
can happen by raising the drug mass of ALALA drugs, steroids, o”-agonists such as clonidine and
dexmedetomidine, NSAID, or NMDA agonists with any other adjuvanis {0 increase the axonat

20 content of these drugs in the precipiate/crysials, These can functionally exiend the analgesia
obtained to 14 davs or more, helping to suppress the nearal feedback causing Chronic Regional
Pam Syodromes (CRPSY and alfowing the spinal cord to reset itself toward noymal., Further
animal experimentation will prove which drugs in what concentration are more useful to this end
than owr current naxture of Solutions 1 and 2,

25 When these solations are used for sequential ijections through a single needie (FIGS. 17
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and 22}, the materials of Sclation 1 must be cleared from the needle before Selution 2 can be
igecied. The NaHCO; m Sohstion | can cause the bupivacaine or ropivacame of Solution 2 to
precipitate i the needle and clog it Therefore, Sohution 1 must be urigated clear fom a single

hamen needle before Solution 2 can be mjected through that needle. This problem is obviated by

w

the present iwvention lor a delivery device or dispenser, co-joined or internally bifircated needles,
capable of injecting these solutions sequentially while mvariably eliminating the possibibity of &
clogged needle due to precipitate (FIGS. 18-21)

Onee Solution 1 is injected around the peripheral nerve, the NaHCO; and NayCO; will
push the protonatediunbound physiochemical balance of lidocaine toward the unbound portion st
10 approximate 93%. As the unbound fraction of a focal anesthetic is oritical o Ms tssue penctration

of the axon. Lidocaine will then be taken info the axon in greater mass than usual, and with this
greater mass of lidocaine, NaHCO; is also tken into the sxon.
NaHCO; in Sohution 1, when mixed with bupivacaine, levo-bupivacaine, or ropivacaine of
Solution 2, will cause these drugs to immediately precipiiate inio crystals in this alkaline solution,
15 When mixed in equal proportions with &4% NaHCOs, 0.75% lbupivacsine soluton (223mg
bupivacaing) will precipitate 93.53% of the bupivacaine drug mass {only 7.47% remains m
solution). Similarly, equal volumes of 8.4% NaHCQ; and 0.75%; ropivacaine results in 96,3056 of
the drug mass in precipitated ropivacaine with only 3.50% remaining in solution,
Without moving an ulirasound-placed single-lumen injection needle from is position next
20 tothe nerve, that neadle 1s cleared of NaHCOs (using satine or alr}, before Sohution 2 s njected in
a volume egaal to that of Solution 1 by sequesntial injection. Note this step is unnecessary with co-
joined of mtemally bifurcated needies.
As bupivacaine (or ropivacaine) flows nto the NaHCOxidocame Solwtion 1 around the

nerve, the bupivacaine begins to precipitate. The predominance of the drg will precipitale cuiside

b
in

the axolenima and so will be removed by uvsual lymph Jow sround the nerve over time.  Stercids
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hiave been noled to precipitate focal anesthetics in vitro and are expecied to accomplish this same
funciion i vivo. A recent paper has noted this reaction as a precaution agamst the combination of
sterords and bupivacaine in epidiral anesthetics. However, what would be bad for epadural blocks

can accomplish much longer blockade when used for peripheral nerve anslgesia in lien of opioids.

w

Betamethasone and dexamethasone can create grealey preciptanon with bupivacaine and
ropivacaine and resolt 1 even longer long-acting local anesthetic blocks when incorporsted with
NaHCOs in Solation 1.

The variable drug masses of NaHCOY NaxCOy¥NaOH and other stevoids create vanable
lenpths of effective analpesia, depending on the concentrations/drag masses of NaHCO; and
1¢  siervids used in Solution 1. Theoretically other steroids, not lsted here, may vet prove even

greater imtra-axonal o nodal precipiiation of amide long-acting local anesthetics with

proportionally greater analgesic time afler surpery.

Only approximately 11.9% of bupivacaine penetrates the axolemnia or node before it
precipifates as bupivacaine carbonate. I 5 this smwll amount of bupivacaine within the

15 axolenuma‘node that results, primarity, in continging neural bockade for pertods of 120 howrs or
more.

Big by altering the final pH of the combination of ALALA drugs with alf adjuvanis and
hasesprecipitates, these sohmtions can be forced fo create much more of the ALALA
precipitate’erysials for longer and denser nerve blocks. This is the goal of the Alernate Protocol

20 for the Creation of the ALALA-Precipiiaie Nerve Blocks.

Alternate Protocol for the Creation of the ALALA-Preciopitate Nerve Block

As shown in FHG. 24, an alternate protocol exists which shows advantages over the
original protocol when placing a nerve block desired to fast more than 126 howrs.

In this alternate protocol, it 1s first necessary only to prove block needle placement has not

b
in

opened a comection to the vascular system with o test-dose’ with or without adjuvants as shown
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in Stage 1 of Fr. 24, However, if there is connection to the vascalar system revealed by a
fachveardia = 113% of baseline a3 a result of this est dose, the local anesthetic (lidocaine), with
epinephvine plos any inchuded adiuvants, will be all the nerve block the potient will recetved at

that location and at that tme. The ALALA drugs will not be given nor will the physiologic

w

base(s). In this manner, mtravascalar injection of ALALA drugs with risk of setawe, cardiac
arrhytiumias and arrest, will be avoided.

There is still the Mandatory 2-Mingte Wail {shown 1 Stage 2) as the test dose revealing
whether or not there is connection o the vascular system of the body. Again, in this manner,
ALALA drugs causing cardiotoxic reactions, ncluding seizure, arrhvihnuas, and cardiac-arrest,
10 ave avoided by use of the test dose. This las been done with obstewric epidural catheters since the

1980 to prevent ALALA carciotoxic reactions,

Immediately after Stage 2 is Stage 3 with the injection of the ALALA drug(s) it a drug
mass necessary to produce the desired duration of analgesia from thus nerve block. This sfage may
contain adjuvants, but not the precipitating steroids nor physiclogic bases which would cause

15  precipitation in the ALALA drug mass when combined outside the body and targst nerve(s).

In Stage 4, with the ALALA drug already deposiied penineurally, the single-lumen needle
15 flushed with a clearing solution, such as saline. This sets up the block needle for Stage § and the
injection of the physiologic base(s} andior precipitating steroids,

In Stage 5, the calculated base(s) and sterowd(s) are injected to raise the pH of all injected

20 chrugsin Stages -4 1o a pH of ~8.0 (7.4 1o 8.4) 50 as o form the correct amount of precipitate and
crvstals {physiologic base and steroid) to result in peripheral nerve block of the desired duration
from 3 to more than 30 days.

As thus alternate method is pH driven to a final in vivo pH, vohanes of injectates no longer

muost be equal. Mach smaller doses of ligher pH bases/steroids may be used to produce the fingl

b
in

pH desired in the mixture of ALALA drugs and adjuvants to produce the desired precipuates for
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the duration of analgesia desired.

By opiimizing pH in the nerve block by thig aliernate method, the amount of precipitate
{physiologic base(s} and steroid-induced) can be controlled, thereby controlling block density and
doration as desired. A simple table will dictate tvpe and mass of each drug, target pH. and
duration, even density oblained so as to produce a nesve block of a specific duration and density
as desired. Tihis is especially necessary when treating chronic pain patients, especially those with
Chronie Reglonal Pain Syndrome,

Multiple academic papers advise against the addition of too wuch -carbonate base and
steroids {espectally corticosteroids) as the cause of ALALA drug (buptvacaine, levo-bupivacaineg,
ropivaciing) precipitation, Tetracaine, an Ester Long-Acting Local Anesthetic (ELALA), with a
pKA higher than bupivacaine, will also precipitate in -carbonate bases and steroids,

Though academic publications recommend limits to avoid forming local anesthetic
precipitates, our wtellectual property intends 1o form these precipitates within the nerve cell and
axon as depots of ALALA or ELALA drugs that continue the nerve block well beyond 3 days.
Drug mass and composition of these precipitates determine the duration of the nerve block so
created and therefore the duration of pain relief.

Formation of ALALA-precipiiates within the nerve is the basw for longer-term
interraptions of the sodiume-potassivm ion pump within the neuron. When this pump is disabled,
so is peural transmission of pain impulses and thereby analgesia is obtained for the post-surgical
and positrawma patient when a netve block s adminisiered.

Various ~carbonate and steroid drugs exist, when combined with ALALA {and ELALA)
drags to form local anesthetic precipitates of varving longevity from 3 to 3¢ davs or move.

Physiologic carbonate bases are primartly composed of sodium bicarbonate (NaHCOx),
sodiam carbonate (Na:COs), and sodinm hydroxide (NaQH). Each of these solutions has a

different saturation pH, and so various combinations of these solutions can create a final conumon
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solution at & desired pH. This is critical in obtaining the desired amount of ALALA or ELALA
precipitate intra-neurally when a specific analgesic period is desived from a peripheral nerve
block.

As discovered in our faboratory, 8.4% NaHCO,, when combined n vitro with bupivacaine
or ropivacaine, resulis in precipiiates of 93 5% and 96.5% respectively of the paremt ALALA
driag. But when NaHCO: s forther diduted with lidocaine and adjuvants, then later again dituted
with an equal volume of the ALALA drug, the percentage of NaHCO; is diluted from 8.4% to
2.1% with a concomitant drop in pH and a much lower conversion of the ALALA drug to
precipitate.  Controlling the pH of the final combination of gll these drugs and bases more
gificiently controls the percentage of ALALA converted to precipiate and crystals and thereby
the duration of the resuliing nerve block.

Simitatly, combination of ALALA {or ELALAY local anesthetics with steroids, especially
corticosteroids, also causes ALALA-precipitates. Soime of these precipuates migraie mio the
neural axon 1o form intra-nearal ALALA or ELALA steroid precipitates, Cortcosteroids known to
be useful in forming these precipitates include dexamethasong, betamethasone, and mamemolone.
Such combination of steroids with ALALA or ELALA drugs can result mn clinically uselad
precipitates generally indicated by the table below.

General Table 1 of Possible Local Anesthetic and Precipitating Bases and Steroids

Sodium Sodium Sodinm exa- Beta Triamcinolone
Bicarbomate | Carbonaie Hydroxide Methasone | Methasone

NaHCO, NanCQy NaOH

Buptvacaine | Bupivacaine | Buphvacaine | Bupivacaine | Buopivaciane | Bopivacaine | Bupivacaine

Carbonate Carbonate Carbonale {2exa- Beia- Triameimolone
(lower pH) | (higherpH) | (highest pHy | Methasone Methason Precipitaie
Precipitate Precipitate
Levo- Lovo- Levo- Levo- Levo- Levo- Levo~
Bupivacaine | Bupivacaine | Bupivacaine | Bupivacaine | Bupivaciane | Bupivacaine | Bupivacaine
Carbonate Carbonate Carbonate Dexa- Beta- Triamcinolone
(ower pH) | {higher pH) | (highest pH) | Methasone | Meothagon Precipitate

Precipitaic Precipiiaic

Roptvacaine | Ropivacaine | Ropivacaine | Ropivacaine | Ropivaciane | Ropivacaine | Ropivacaine
Carbonaie Carbonate Carbonate Dexa- Brta- Triamcinolong
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{lower pHy | ¢higher pHy | (highest pHY | Methasone | Methason Precipitate
Precipitate Pregipitate
Tetracaine Tetracwine Tetracaine Tewacaine Tetracaine Tetracaine Tefracune
Carbonaie Carbonate Carbonate Dexa~ Beta- Triameinolone
owerpH) | (higher pHy | (highest pH) | Methasone | Methason Precipitate
Precipiiate Preoipitate

Ceeneral Table 2 of Possible Locy] Anesthetic and Precipitating

' Bases and Steroids

Bupivacaine &

Physiologic

Precipttating

Adjuvants &

Other drugs andior

Base(s) & steroids adjuvants?
NaHCO; i~ 1 Dexamethasone at | Dexmedetomidine
0%  of  base | 0-100% of steroid  § @0-1000meg
=100 plus
00 @O-100% | Betamethasone o | Clonidine  @n-500
of base =100y | 0-100% of steroid | meyg
plus
Na (s @0-100% | Triamcinolone  at | NSAIDS. Suchasa
of base =100 | -100% of stercid | ketorolac derivative
plus @0-100me
NMDA-antagonisis
sach as ketaming o
dextromethorophan
i O-100 meg and
6-100mg
respectively
§1-2 oprods such ag
Fentanyl O-
1000meg
Meperidine .
200mg and
morphine 0-50me
0 NaHCO: X | Again vouwind up { This  offers  the | Mare
100 NapxCO; x 100 | with approximately | possibility of 2.5 x
NaQH = LO00000 | 1,000,000 varigiion | 10™ passible
possible of the precipitating § variations. This
combination  of | steredds 1o pit | owekes  the  iotal
NaHTO;, NayC0s, | against the | vatations i this
and NaOH  wiath | teullion variations | block for
bupivacaine alone. | of the phvsiologic { bupivacaine = 1 x
This s lurther | bases. resaling ] 10 combinations
muttiplied by at least  Ix30M i for  bupivacaine
possible uscful | alone.

combinationy  with
bupivacaine

As shown i General Table 2 above, once Levo-buptvacatne and ropivacaine are taken

fnto account, the total variations conceivable are 3 x 107 It is possible some of these chemicat
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interactions could eliminate PABA from the breakdown of tetracycling.  In this case, the total

conceivable useful variations from this matrix i 4 x 107

Bupivacainet Physiclogic Bases | Precipiiating Adjuvams + Lidocaine +
& Steroidst: gpincphring
NaHCOs-  73%- | Dexametfasone  ~ | Dexmedetonnne-
100% ing o 10myp 13mee- 1D00meg
Nap{T0: 28%-080 | Botamethasong- Clonidine-  3(imog
1mg to 20my 1o Mlmeg

Table 3 above illustrates the currently wdentified coraponents of the ALALA-precipitate
blocks:

1. The ALALA drugs- bupivacaine, levobupivacaine, ropivacaine.

2. The physiologic baves- NatiCOy at pH~R.0-8.2 ~ the usual primary physiologic base,
and NayCO, at @ satrated solotion pH of ~8-9, but crystals added divectly to a mixture ave at a pH
=115

The subject invention anticipates both of these bases will be added opether to solutions in
order 1o control pH and thereby precipitate ALALA compounds in the range of the fnal mixiure
t0 be found between pH 7.5 and pH 8.4, Adeguate alkaline pH s vecessary to control degree of
ALALA precipitation that controls the duration of these ALALA-precipitate perve blocks., I a
smaller total voluroe is required for the (nal volume of ijectate, even a few crystals of NaOH
could be added 1o the NaHCO/NauCOs solution to bring them to the desived pH just prior to the
aerve block injection{s). It is the intention of the subject imvention that concentrations of
NaHCO; po up as NgCO; go down, accounting only for a 25-fold changes in phvsiologic base.

3 The Preapitating Steroids, primanily  corticosteroids  Dexamethasone  and
Betamethasone. These two corticosteroids are currently used in repular penipheral nerve blocks to
extend ALALA blocks from 12-16 hours to an effective range of up to 24-hours before wearing
off. Given Hwang’s cautionary paper, the likely cause s ALALA-precipiiates fithing in the time

gap between the mitial lidocaine + epinephrine wearing off and the ALALA-carbonates reverting
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back to protonated ALALA continuing the nerve block Hidocaine began. Usefal dosage ranges for
these corticosteroids are as given above. One or both corticosteroids miay need 1o be used
stmullaneously, resutiing inboth 10x and 20x changes i the steroid use.

4. The Adjuvants- these are primarily the «-agonist drugs- dexmedetomidine and
clonidine, agents known to block a’-pain receptors in the spinal cord and believed to also function
in peripheral nerves. Certuinly dexmedetomidine and clonidine, along with the corticosteronds,
have been noted to extond standard peripheral nerve blocks with bupivacaine and ropivacaime
~5(1%. Incressed dosage of these o -agonist drugs results in ereased duration of these nerve
blocks, These drugs are each used in 100x variations,

Therefore the concetvable vartations of these blocks for bupivacaine me 23 x 10 x 20 x
100 x 100 = 3,000,000 variations of these drugs with bupivacaine. Smme bupivacaine and
ropivacaine for a sum total of 13,000,000 variations of workable compounds with these ALALA
drugs.

Teiracaine, though it will precipitate in physiclogic base and corticosteroids, is not
considered as it releases toxic PABA in the breakdown of these large peripheral narve block drug
masses, This 15 too dangerous for use in humans until a safer variation of ELALA drugs are
found or a means o detoxify them.

While other variations may show some promise, these are the vartations most hkely to
create the fong-lasting blocks of 120-howrs or more sought by the present invention.

Both ALALA-carbonate and steroids precipitates can form mira-neural precipitate depots
which, apon degradation form salt, water, carbon dioxide and the unprotonated {~) ALALA drug.
The wyprotonated ALALA form will gain o proton and equilibrate with s protonated (+3 and
seutrally active form. | i3 this newtrally active protonated form of the ALALA drug that blocks
the sodim-potassivam ion pump in the neuron and axon, thus stopping painful nerve transmission

and vesults in both numbness and analgesia,
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The potential combinations of these drugs and bases comprise an slemental matrix of total
3 x 107 different combinations that can produce these analgesic precipitates. This initial matrix
must then be multiplied by the number of different adjuvants including sl the « -adjuvants,
NSAIDS, NMDA-antagonists, and even ;1:~agomsts for those blocks that include these. Multiply
all these variations by the various percentages of each ~carbonate base and drog masses of each of
the various steroads that can affect density and longevity of the final nerve block. This would
result m a matrix of thousands to even tens-of-thousands of eatries and vaniations o control nerve
hlock density and longevity.

Titration of carbonates or steroids to a specific target pH i the final ALALA compound
will control density and longevity of the nerve bloek; thus various dilutions of ~carbonate bases
and steroids can produce the desired final pH and precipitates as needed for the intended nerve
block density and longevity,

Given, some of these combinations would not produce accepiable analgesia and even
others would not be practical for use i1 biological tissue. But most would have some efficacy to
produce ALALA (or ELALA) precipitates resulting in varous nerve blocks with analgesia
between 3 and 36 days or more, Other compounds may be found m the future to augment these
same infra-pewral ALALA (or ELALAY} precipitates and so produce more efficient and titratable
nerve blocks and analgesia. These combinations may be used with peripheral nerve block or field
blocks to produce the post-surgical and post-trauma analgesia for the specific block density and
duration as desired.

Ester Local Anesthetics

Ho1s bereby noted tetracaine, an ester local anesthetic, has a pKa even higher than
bapivacaine and will precipitate in the presence of NaHC0: and NayCO; and could also produce a
long-acting local anesthetic block as well. However, as an ester jocal anesthatic, letracaine will

break down 1o para-amino benzoic acid (PABA), o known allergen capable of precipitating
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severe, even fatal, allergic reactions. Given these anaphylactic reactions are known in doses of
Iimg and less, the 100 mg o move than 200 mg doses reguired for peripheral nerve blocks would
have a greatly increased freguency of occurrence. It is even likely a 200 my dose would wniformly
be ftal in hemans. For this reason, antil lnboratory testing can produce an ester or other long-
acting local anesthetie action greater than that of buapivacaine without notable toxicity, tetracaine
will not be utilized i volume~dependent peripheral nerve blocks, as are currently common.
However, tetracaime’s inclusion i this mitellectual property is necessary and will be utihized and
clamed if and when a nonallergenic variant of this block without prolubitive toxigity becomes
possible.

Competing Intellectual Property

Exparel 15 a hposomal-encopsulated bupivacaine first released m 2012, Its unigue
formulation touted peripheral nerve block analpesia lasting 3 days, and has been an hmprovement
1 noneprold analgesia after surgerv. However, #ts performance in this rode has proven less than its
claims, most blocks only lasting 36 to 48 hours,

Exparel utihizes an encompassing liposome shell of varying thickness as a time-release
mecharism for #s encysted bupivacaine upon mjection in peripheral nerve blocks. This hposomal
shell is digested over time before releasing its encapsulaied bupivacaine. Varying thickness of the
shell allows for variable release of the local anesthetic. This allows a tinted release of bupivacaing
to prolong the peripheral nerve block for an advertised 72 hours of analgesia after a surgical
procedure. While Exparel is somewhat effective analgesic for pertods less than 48 hours, s
mechanism has severe limitations extending this block to 72 hours as notable fragility has resulted
w prematre defivery of s bupivacaine load wider certain conditions, sometimes wexpectedly.
Complete prevention of Local Anesthetic Sysiemic Toxicity (LAST) thus has not been achieved
with Exparel's full vial dose of 250mg of bupivacaine.

Even with 1ts shortcomings, Exparel has made boportant wroads w achieving ncreased
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analgesia afler ewrgery, but still proves insufficient o provide 120 hows of post-operative
analgesia needed to nuniinize or eliminate the need for optoid-based analgesics.

Abralimsobn’s 1P is plagued by maltiple defects. Specifically, Abrahmsobn specifies
temporal and positional separation of the injection of any anion {HCO3) from the injection of any
local anesthetic. This has the effect of decreasing the reaction between NaHCQ and ALALA drug
1o create the ALALA-carbonate precipitate. As tus precipiate 5 the mecharmusm by wihich
extended analgesia from surgical pain i1s accomplished, Abrabmsol's methodology 1s msulficient
to provide maximal and reliable analpesia affer 8 surgical procedure, nor reach extended analgesic
periods bevond 72-hours. This is why Abrahmsobn's block times were not consistent and varied
largely as listed to be between 0.5 and 72 hours.

The method of the present invention requires, i most instances, precision placement of
the block needle under ulirasound guidance against, bul not penetrating, the target nerve before
the ALALA-carbonate/steroid nerve block is delivered in vivo, This provides the closest delivery
of the sohsions to the target nerve which form the ALALA-catbonate and ALALA-steroid
precipitates in and around the targel nerve and resull in post-operative analgesia greater than 120-
hours reliably and reproducibly for surgical patients.

The anesthetic nerve block Y& interrupts the elecirical potential of 2 nerve 12 and religves
pain within a living organism 13, As shown i FIGS. 1-16, the nerve 12 includes epineurium 14,
a perinewriem 16, endonearium 18, node of Ranvier 20, myelin sheath 22, aon 24, neuron cell
body 30, newron nucleus 32, dendrites 34, axon terminals 36, oligodendrocyie (Schwann cell) 38,
wrappings of myelin 40, microtubole 42, microfilaments 44, myelinated newron {A-delta fiber)
30, peripheral terminals 32, nerve membrane (axolemma) 34 and wnmyvelinated newron (C-Fiber)
60,

The axon 24 is covered by the nerve membrane 54, The anesthetic nerve block 9§

comprises a dispenser 102 inchuding a storage body 104, o wansfer body 106 and a tip 108 for
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positiontng adjacent 10 the nerve 12, A local short acting anesthetic 76 is In the storage body 104
A physiologic carbonate base 78 13 in the storage body 104, The local short acting anesthetic 76
and the physiologic carbonate base 78 are dispensed from the tip 108 of the dispenser 102 where
the local short acting anesthetic 76 facilities the penetration of the physiologic carbonate base 78
through the nerve membrang 54 and mto the azxon 24 A local long acting anesthetic 80 15 in the
storage body 104, The local long acting anesthetic 80 s dispensed from the tip 108 of the
dispenser 102 and penetrates through the nerve mensbrane 34 and into the axon 24. The local
long acting anesthetic 80 and the physiologic carbonate base 78 cause a precipitate and Forming
crysialiization compound 82 for creating a prolonged locgl nerve block 99,

As shown i Fi(r 17, the dispenser 102 may include an anesthetic sertal injection system
100, The anesthetic serial injection system 100 includes a syringe 110 having a barrel 112
stidably receiving a plunger 114 and dispensing through a needle 116, The dispenser 102 may
mclude a plurality of barrel membranes 118 mamtain the separation of the local short acting
anesthetic 76, the physiologic carbonate base 78 and the local long acting anesthetic 80 within the
barrel 112.

A saline solution 84 may be positioned within the barrel 112, The phaality of bawrel
membranes 1% mandain the saline solution 84 between the phyvsiologic carbonate base 78 and
the local long acting anesthetic 80 within the barvel 112, The saline solution 84 cleanses the
needle 116 after the local short acting anesthetic 76 and the phystologic carbonate base 78 have
been dispensed from the needle 116, A poring needle 120 may be positioned internal to the barel
112 for sequentially rupturing the plarality of barrel membranes 118 upon the depression of the
planger 114 and permitiing the solubions to exit the barret 112,

As shown in FIGS. 1§ and 19, the dispenser 102 may alternasiively inchide a first
dispenser 134 and a second dispenser 142, The first dispenser 134 has a first storage body 136, a

first transfer body 138 and a Srst p 140 for dispensing the local short acting anesthetic 76 and the



WO 2023/215604 PCT/US2023/021229

physiologic carbonate base 78, The second dispenser 142 has a second storage body 144, a
second transfer body 146 and a second fip 148 for digpensing the long-acting local anesthetic or
focal long acting anesthetic 80, The dispenser 102 may melude a coaxial needle or co~joined

neadles 130 for parallel injection. The co-joined needles 130 have common outlets at tips 132

w

where mixing of separate lumens occurs af the tip 108 of the needie 116,
As shown i FIGS. 20 and 21, the dispenser 102 may include the transfer body 106 having
a bisecting tansfer wall 150G, The bisecting transfer wall 150 defines and separaies a primary
wansfer body 152 from a secondary transfer body 1354, The primary transfer body 152 dispenses
the local short acting anesthetic 76 and the physiologic carbonate base 78, The secondary transler
10 body 154 dispenses the focal Jong scting anesthetic R0, The bisecting transfer body 130 prevents

mixiag of the fluids except at the tip 108,

As shown in FIG. 22, the dispenser 102 may include a first syringe 160, a second syringe
170 and a thivd syringe 180, The first svringe 166 has a first barrel 162 slidably receiving a first
plunger 164, The first barrel 162 houses the local short aciing avesthetic 76 and the physiologic
15  carbonats base 78. The second syringe 170 has a second barrel 172 shidably receiving a second
plunger 174, The second barvel 172 houses a saling solution 84. The third syringe 180 has a third
barrel 182 slidably receiving a third plunger 184, The third barrel 182 houses the local long
acting anesthetic 80, A stopcock 186 couples the first barrel 162, the second barrel 172 and the
third barret 182 with a needle 116. The stopeock 186 sequentially is positioned o dispense the
20 local short acting anestheite 76 and the physiclogic carbonaie base 78, the saline solution 84 and
the local fong acting avesthetic 80. The saline sohution ¥4 cleanses the needle 116 afler the local
short acting anesthietic 76 and the physiologic carbonate base 78 have been dispensed fom the
needle 116, A tobing 188 may be positioned between the stopeock 186 and the needle 116, Side
cyhinders 190 may be coupled to the first syringe 160, the second syringe 17} andfor the thind

syringe 180 1o dispense adjovant{s) 89 such as additional physiologic carbonate buse 78, steroids

&
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58, epinephrine 86, and the local long acting anesthetic 80,

By combining the local short acting anesthetic 76 with the physiologic carbonate base 78
results i the pH of the local short acting anesthetic 76 increasing and alters the local short acting
anesthetic 76 to unprotonated {-) molecules for more easily positioning the local short acting
anesthetic 76 and the physiologic carhonate base 78 through the nerve membrane 54 and into the
axon 24, The physiologic carbonate base 78 pH level determines the guantity of precipitate and
crystal size m the corystallization compound 82, The physiclogic carbonate base 78
nmss/concentration level can be increased for raising the pH to provide a higher pH in the final
mixture and resulting in a fonger duration nerve block, Alternatively, the physiclogic carbonate
hase 78 mass/concentration level can be decressed for lowering the pH to provide a lower pH in
the final nixiure and resulting in a shorter duration nerve block. The physiologic carbonate base
78 massiconcentration level adjustment defines a variable nerve block period of time. The
physiclogic carbonate base 78 massiconcentration level adpstment fnther defines a variable
nerve block density.

The local short acting anesthetic 70 may include lidocaine. The local long aciing
anesthetic 80 may include buptvacaime, levo-bupivacaine, ropivacaine and lewacaine. The
physiclogic carbonate base 78 may mehude sodim bicarbonate, sodium carbonaie, and sodium
hvdroxide.

The anesthetic nerve block 98 may further mclude or alternately include a steroid 8% in the
storage body 104, The steroid B8 may include dexa-methasone, bela-methasone and
triameinclone and other adjuvants. The local short acting avesthetic 76 and the steroid S8 are
dispensed from the tip 108 of the dispenser 102 where the local short acting ancsthetic 76
facilities the penctration of the steroid 38 through the nerve membrane 54 and into the axon 24,
The local tong scting anesthetic 80 1s in the storage body 104, The local long acting anesthetic 8@

is dispensed from the tip 108 of the dispenser 102 and penetrates through the nerve membrane 34
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and intlo the agon 24. The Jocal long acting anesthetic 80 and the steroid 38 cawse a precipitate
and forming a orystallization compound 82 for creating a prolonged local nerve block 99

As shown in FIG. 23, the method incorporating the subject fnvention includes creating an
anesihetic nerve block 98, The anesthetic nerve block 98 interrupts the elecinical potential 56 of 8
uerve 12 and relieves pain within a biving orgmusm 10, The method comprising the steps of
dispensing a local short acting anestbetic 76 fronz a dispenser 102 for positiomng the local short
acting anesthetic 76 adjacent to the nerve 12, A physiologic carbonate base 78 15 dispensed from
a dispenser 102 for positioning the physiologic carbonate base 78 adjacent 1o the nerve 12 where
the local short acting anesthetie 76 faciliies the penetration of the physiologic carbonate base 7§
throngh the nerve membrane 54 and info the axon 24, A local long acting anesthetic 80 is
dispensed from a dispenser 102 for positioning the local long acting anesthetic 80 adjacent to the
nerve 12 where the local long acting anesthetic 80 penetrates through the nerve membrane 54 and
o the axon 24 and the local long acting anesthetic 30 and the physiologic carbonate base 78
cause a precipiiate and form a crystaltization compound 82 for creating a prolonged local nerve
block 99,

The method may forther include the step of dispensing epinephrine 86 from a dispenser
102 for determining any miravascidar leakage. The method mwy futher including the step of
dispensing a saline sohstion 84 for cleansing the dispenser 102, The method may further include
the step of dispensing a sterord 88 from a dispenser 102 for tmproving the precipitation and the
fornnng of the crystatlization compound 82 for creating a prolonged local nerve block 99

As shown in FIG. 24, the subject nvention may incorporate aliernatively the method
conprising the steps of dispensing a local short acting anesthetic 76 fom a dispenser 102 fir
positioning the locel short acting anesthetic 76 adjacent o the nerve 12, A local fong acting
anesthetic 80 is dispensed from a dispenser 102 for positioning the local long acting mnesthetic 80

adjacent to the nerve 12, A physiologic carbonate buse 78 45 Jispensed from o dispenser 102 for
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positioning the physiologic carbonate base 78 adjacent to the nerve 12 where the local short acting
anesthetic 76 facilities the peneiration of the physiologic carbonate base 78 through the nerve
membrane 54 and into the axon 24 and where the local long acting anesthetic 80 penetrates
through the nerve membrane 54 aud into the axon 24 and the local long acting anesthetic 80 and
the physiologic carbonate base 78 cause a precipitate and form a orvstallization componnd 82 for
creating a prolonged local nerve block 99,

The method may Turther include the step of dispensing epinephnine {4 from a dispenser
162 for determimng any wmiravascular leakage. The method may further include the step of
dispensing a saline solution 84 for cleansing the dispenser 102, The method may Rarther include
the step of dispensing g steroid 8% frome a dispenser 102 for improving the precipitation and the
forming of the crystatlization corapound 82 for creating a prolonged local nerve block 99.

The subject invention method can be frther llustrated below.

1. A method of creating a long-lasting nerve block v vive by combining an amide long
acting local anesthetic (ALALA) with a phvsiologic base in the immediate proximity of the target
Herve.

a. The long-lasting nerve block of #1 where precision placement of the block needle
adjavert bul not penetrating the target nerve is achieved. Currently s 15 achieved by ulirasound-
guided blockade procedures.

b. The nerve block of #1. where the local anesthetic 5 of the ALALA class mcludes
buptvacaing, levo-buptvacame, and ropivacatne.

¢. The nerve block of #1. where the ALALA-drug is precipilated by the physiologic base
NaMCOz amd whose pH may be modified by the inchsion of NaxCO: andior NaDH to achieve 3
higher target pH 1o the ijectate and final compound.

d. The nerve block of #1 where the ALALA drug 1s precipitated by steroids, especially

corticosteroids such as dexamethasone and betamethasone to form ALALA-sterod precipitates,
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e. The nerve block of 1. where sequential or simultaneous mjections of physiologic base
and ALALA-class drugs creaies ALALA-carbonate precipitates and crystals.

. These ALALA carbonate precipitates and crystals and ALALA steroid precipitates are
created as deposits in and aroand the axons and cell bodies of the newrons.

2 The ALALA steroid precipitates of o, decompose over time first into unprotonated
ALALA {~) capable of penetrating the axolenma, then into protonated ALALA(H) mside the
axon winch incapacitates the sodium-polassium pump and thereby blocks nerve transmission of
pain impulses.

h. The ALALA-carhonate precipitate/orystals of Id. decompose over time first into
umpprotonated ALALA () capable of penctrating the axolemma, then into protomated ALALA(H)
inside the axon which incapacitates the sodium-potassium pump and thereby blocks nerve
gansmission of pain impulses.

i. The ALALA-sterold precipitate/crystals of e, where fhus decomposition of {he ALALA-
steroid precipitate and crystals to active ALALA drug will supply 126 hours of analgesia duration
or mote for the patient.

I The ALALA-carbonate precipitate/crystals of Id. Where this decomposition of the
ALALA-carbonate precipiate and crysials to aclive ALALA drug exceeds 120 howrs of analgesia
duration for the patient,

2. The block method of #1 where a short-acting amide local anesthetic (ALA such a
lidocaine) 1s [irst combined with a physiologic base to form unprotonated ALAG)

a. ALA drug, such as lidocaine, atilized W solution $1 mast not precipitate i atkaline
solutions with a pH=<10 (hdocaine precipitates at pH~11.5),

b. The block method of #2 which, when injected through a block needle i precise
proximity 1o the target nesve, readily penetrates the axolenmna of the target nerve and brings the

physiologic base with # into the newron (cell body and axon) thereof, causing the axow's nternal
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milieun to become alkaline.

¢. The injectate of #2 which may also coniain adjuvants to aupment and enhance the
density and longevity of wpulse blockage through that tavget nerve, thus blocking it for longer
analgesia.

. The injectate of #2b abways inclades epimephrine or sinnlar drug capable of nowbly
raising pulse rate if minute guanuties feak mie the vasauwdar system as o marker of significant
vasculgr penetration. Epinephrine acts as an carly warning of madvertent vascular connection
presenting the danger of LAST if injection of ALALA-drugs proceads afterward. This 15 taken as
an indication to abort the ALALA-carbonate block at this site at this point,

ii. The injectate of #2b which may includes of-agonists such a dexmedetomidine,

clonidine, ete. to prolong and intensify the density of (he resultant nerve block,
il The injectate of #2b which may inchude steroids, especially corticosteroids, capable of
causmg ALALA-drugs to precipitate and so creating a separate depot of ALALA-precipifate from
the ALALA carbonate preciptate/crysials. These two depots together augmenting nerve block
density and longevity to create the longest-lasting sensory nerve block,

tv, The mjectate of #2b which may mchuide an appropriate non-steroidal anit inflanmatory
drug (NSAID} to amplify sensory nerve blockade and aid sensory nerve block densily and
lonpevity,

v. The jectate of #2b which may include an appropriaie an Nemethyl D-aspartate
(NMDA) antagomist drag, such as ketamine derivatives, dextromethorphan, and others, to amplify
sensory nerve blockade and aid sensory nerve block density and longevity,

vi. The imjectate of#2b which may mehale an opiod gz,g-ago.nist, such as morphine,
hydromorphone, meperidine, fentanyl and derivatives, etc., if opioid y™-receptors on these specific
target nerves become identifted.

3. Auinjection of a clearing solution fo clear a single-tumen needle of the atkaline solation
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of #2 before a subsequent injection of an ALALA-drug that could casse an immediate
precipitation of ALALA-carbonate within that hanen and subsequent lumen blockade that
prevents full njection of the desived ALALA dose.

a. This clearing solution is needed only in single-lomen needles and catheters i which
both imectates (Sohstions 1 and 2} must pass through the same needle lomen.

b. Bitid-tumen needles do not allow mixing of these soluttons except at the distal tip
close proximity to the target nerve where precipiiates cannot plug the bifid needle. Thus a clearing
solution is unnecessary for bifid needles and bifid delivery catheters.

4. A mandatory 2-minute wait {test dose) is toposed between the injection of Solution #1
before Solution #2 is given 1o ensure Local Anesthetic Systemic Toxiciy (LAST) does not occur,
This is done by listening to the pulse-oximeter and/or waiching the EKG tracing {or sinular
ohjective mdicator of pulse rate) for 3 tachycardia at least 15% above baseling (115% of baseline)
pulse which can indicate lsakage of Solution #1 inravascularly because of inadvertant penetration
of a blood vessel during block needle placement. This is a potent indicator the block should be
aborted at that site. I Solution #2 is then mijected after a positive tachveardia result, the patient
hay experience seizure, cardiac arhythmias, cardiac arrest, and death.

3. The block of #1 wherem, after #3s clearing sohution as needed o peutralize
intratumenal pH of the needle (from Solution #1} and the 2-minute wait to prevest LAST of #4 is
performed, a second injectate of an ALALA-dvug (Solution #2) 1s depositied perinevrally through
the block needle to mix with the physiologic base in and around the nerve (especially ura-
axonally) o create the ALALA-carbonate precipitate and cryatals.

&, Adpvants may be disttibuted between Sohutions #1 and 2, depending on their slability
i an alkaline solution.

a. Only epiephrine must be mncladed in Solution #] with the ALA-drug as a precaution

against LAST.
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b. Steroid adjuvants nust also be delivered in Solation # as they react with ALALA drugs
i form precipitates. These adjuvants may be delivered separately from the physiologic bases
becanse of stability fssues between the steroids and physiologic bases.

¢. I necessary, Solution #1 may be divided into separate mjection for ALA {such a
lidocaine) and physiologic base so as to preserve the integrite of epinephring in Solation #1.

d. As necessavy or desired, all other compatible adjuvanis may be moved to Solution #2.

7. Control of nerve block duration 15 by the quantity of ALALA-carbonate
precipitate/crysials formed.

. This is controlled by pH of physiologic hase concentrations in Solution 1 with greater
pH converting a greater percentage of the ALALA drug to ALALA carbonate precipitates
ferystals when mixed with Solution #2.

b. Fintal target pH of the mixture of Solutions #1 and #2 isa pH < 84,

o. A pH>8.0 m Sohuion #1 may be necessary, depending on stability of adjuvanis, i
single-himen block needles (o adequately contrel formation of ALALA-carbonale precipilates’
crvstals &t the target nerve siie,

d. In bifid-lumen needles, catheters, and simular delivery devices, much higher
nonphysiologie concentrations of physinlogic bases may be used i solution #1 so long as final
mixing of Solutions 1 and 2 still results in physiclogic pH < &4 for the final ALALA-carbonate
precipitate deposited.

&, Creation of a tirable duration of nerve block can be accomplished by varving the mass
of ALALA-carbonate precipitate/orystals formed by varving the pH of the Selution #1 and the
choice and mass of sterowd(s) m Solation #1. This results m a vanable duration of nerve blockade
with the two different precipiates {ALALA-carbonate and ALALA steroid) having differemt
decomposition times and different conversion tirses back to ALALA(Y) intra-axonally for nerve

blockade.
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9. This same methodology for amide tocal anesthetics can also be applied to ester ocal
anasthetics as tetracaine has a pRAeven higher than bupivacaine and will for tetracainecarbonate
and felracaine-steroid precipitates even move readily. But tetracaine 15 an ester local anesthetic
which breaks down to para-amino benzoic acid (PABA). a known trritant and allergen i mimute
quantities, and capable of causing anaphylaxis in the larger dag masses anticipated in these
extended blocks with analgesic durations greater than 72-120 hours. Because of this danger,
tetracaine should be avorded currently n these extended biocks, but will be claimed in this P on
the possibility safer derivatives of tetracaine will be discovered in the future without PABA or
other allergen formation,

Reglizing that the injection of local anesthetics in and around surgical sites for pain relief
is and has been the normal hospital protocol for reany vears and the desire for longer losting local
anesthesia has also been 3 sought-after goal during that time. The current invention, ALALA
compound, has been able to meet that goal by extending the ocal anesthesia efficacy peried 10 §
days and bevond,

The current invention, ALALA compound, 5 admbustered just as the current local
anesthetics are administered. Following the current toxicity steps in the existing hospital protocol
the ALALA compound i3 merely substituied in the same step as currently utilized local
anesthetics are introduced. The Only deparfure from the existing hospital protocol is that ow
ALALA compound is mtroduced into the equation as a perinewral block instead of an epidural
block. Also note that all components of our novel ALALA compound are cwrently FDA
approved.

List of Relerence Stens

i living organism
12 SCIAtic nerve

14 epinewriam



WO 2023/215604 PCT/US2023/021229

37
16 perinearnm
i3 endoneur
20 node of Ranvier
32 mvelm sheath
5 24 axon
a0 newon cell body
32 neuron nucleus
34 dendrites
36 axon termingls
10 3% oligodendrocyte (Schwann celly

40 wrappings of myelin

42 microtbule

44 microfilaments

30 myelinated nearon (A-delta fiber)
15 32 peripheral terminals (such as skin}

54 nerve membrane {axolenuna)

36 action potential

5% stimmlus

6l unmvehinated nevwron {C-Fiber}
20 70 unproipnated hdocans

72 protonated hidocaine

74 bicarbonate HCOs
76 local short acting anesthetie: lidocaine
78 physiologic carbonate base: sodium bicarbonate, sodhum carbonate, sodinm

25 hydvoxide, dexs-methasone, beta-methasone and tiamamnolone: {phs possible Adjovanis)



1

2

b
in

w

G

0

WO 2023/215604

R0
{ALALA)
82
84
86
39
90
crysiallizing
92
94
96
9%
a9
precipitate
100
102
104
Hi6
108
110
112
114
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local long acting anesthetic: bapivacaine, levo-bupivacaine, ropivacaine, telracaine

{ALALA) cavbonate forming precipitate
saline solution

epinephrine

steroid

adpivanis

Nodes of Ranvier with extra-axonal deposits of bupivacaine carbonate precipitate

bupivacaine HCO;

buptvacaine +~ + OH- + C(y
bupivacaine ~ + HO + O,
angsthetic nerve block

prolonged local nerve block/ALALA-carbonate precipitate/ALALA  steroid

anesthetic serial injection systent
dispenser

storage body

transfer body

1p

svringe

barrel

phunger

needle

plurality of barrel membranes for separation
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120 poring needle to rupture membranes

130 coaxial neadle for paratisl injection

132 co-jomed needles with common ontlets at tips where mixing of separate lomens
ocenrs at the tip of the catheter.

134 first dispenser

136 firststorage body

138 first transfer body

140 fisttip

142 second dispenser

144 second storage body

146 second wansfer body

148 second tip

3¢ bisecting transfer wali prevents mixing of fluids except at tip

132 primary transfer body

134 secondary transfer body

160 fstsyringe

162 first bael

164 first planger

170 second syringe

172 second barrel

174 second planger

180 third svringe

182 third barrel

184  third phmger

186 stopeock -four-way sequential valve
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188 tubing
190 adjuvant side oylinders for a steroid and or physiologic carbonate base which may
be used a8 precipitating agent for ALALA

The present disclosure inchsdes that contained in the appended clmms as well as the

5 foregoing description.  Although this invention has been described in its preferred form with a

certain degree of particularity, # is undersiood that the present disclosure of the preferred form has

been made only by way of example and that numerous changes in the details of constraction and

the combination and arrangement of parts may be resorted to withoat departing from the spirt and
scope of the invention.

16
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WHAT IS CLAIMED IS
i, An anesthetic nerve block for interrupting the elecirical potential of a nerve and

relieving pain within a living organism, the nerve having an axon covergd by a nerve

mentbrane, the anesthetic nerve block, comprising:

a dispenser including a storage hody, o transfer body and a tip for positioning adjacent
te the nerve;

a local short acting anesthetic in said storage body,

a physiologic carbonate base in said storage body;

said local short acting anesthetic and said physiologic carbonate base dispensed from
said tp of said dispenser where said ocal short acting anesthetic facilitizs the
penetation of said physiologic carbonate base through the nerve membrane and
into the axon;

a local long acting anesthetic n said storage body;

said local long acting anesthetic dispensed from said tip of said dispenser and
penetrating through the nerve membrane and into the ason; and

said local long acting snesthetic and said physiologic carbonate base ceusing a
precipitate and formung a cyvstallization compound for creating a prolonged

focal nerve block.

2. The anesthetic nerve block as set forth in clabm 1, wherein said dispenser mcludes a

svringe having a barre!l slidably receiving a plunger and dispensing through a needle.

3 The anesthetic nerve block as set forth in claim 2, further inclading & plurality of barrel
membranes for mamtaining the separation of said local short acting anesthetic, said

physiologic carbonate base and said local long acting anesthetic within said barrel.

4. The anesthetic nerve block as set forth in claim 3, firther mcluding a sabne solution in
saigd barrel;
said plurality of barrel membranes maintaining said saline solution between said
phiysiologic carbonate base and said local long actmng anesthetic within sud
harrel: and

sard saline sohution cleanging said peedle after said local short acting anesthenic and
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said physiologic carbonate base have been dispensed from said needle.

The anesthetic nerve block as set forth in claim 1, wherein said dispenser includes a

first dispenser and a second dispenser;

said first dispenser having a first storage body, a first transfer body and a first tip for
dispensing said local shon acting anesthetic and said physiologic carbonate
base; and

said second dispenser having a second storage body, 8 second transfer body and a

second tip for dispensing said local long acting anesthetic.

The anesthetic nerve block as set forth i claim |, wherein said storage body inchudes a

first storage body and a second storage body convunicating with said transfer body;

said transfer body includes » bisecting ansfer body,

said hisecting transfer body defining a primary fransfer body and a secondary transfier
body;

said primary transfer body dispensing said local short acting snesthetic and said
phivsiotogic carbonate hase; and

said secondary transfer body dispensing said local long acting anesthetic.

The snesthetic nerve block as set forth in claim |, wherein said dispenser includes a

first syringe, a second svringe and a third syringe;

said first syringe having a first barrel slidably receiving a first phunger;

said first barrel housing said local short acting anesthetic and smd phyvsiologic
¢carbonate base;

said second syringe having a second barve! shidably receiving a second plunger;

said second barre! housing a saline solution;

said third syringe having a third barrel slidably receiving a third planger;

said third barrel honsing said Iocal long acting anesthetic;

a stopcoek coupling said first barvel, said second barrel and said third bamrel with a
needie;

said stopeock sequentially positioned to dispense said local short acting anesthetic and
said physiologic carbonate base, said saline solution and said local long acting

anesthenie; and
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said saline soletion cleansing said needle after said local short acting anesthetic and

said physiologic carbonate base have been dispensed from said needle.

The anesthetic nerve block as set forth i claim 1, wherein said combining said focal
short acting anesthetic with said physiologic carbonate base resulis in the pH of said
local short acting anesthetic increasing and alters said local short acting anesthetic 1o
unprotonated {-) molecules for more easily positioning said local short acting anesthetic
and said physiologic carbonate base through the nerve membrane and into the axon;
said physiologic carbonate base pH level determivung the quantity of precipitate and
crysial size 1n said crystallization compound;
sard phystologic carbonale base mass/concentration level increased for raising the pH
to provide a higher pH in the final mixture;

said physiclogic carbonate base massiconcentration level adiustment defining

£

variable nerve block period of time; and
said physiologic carbonate base massiconcentration level adiustment defining a

variable nerve block density.

The anesthetic nerve block as set forth in claim 1, wherein said local shoti acting

anesthetic s ldocamne.

The anesthetic nerve block as set forth in claim 1, wherein said locat long acting
anesthetic is selected from the group consisting of bupivacaine, levo-bupivacaine,

ropivacaine and tetracaine.

The anesthetic nerve block ay sef forth in claim 1. wherein said physiclogic carbonate
base is selected from the group consisting of sodium bicarbonate, sodium carbonste,

and sadivm hydroxide.

The apesthetic nerve block as set forth in claim 1, fwrther inchuding a steraad in said

storage body;

said local long acting anesthetic and said steroid causing said precipiate and forming
said erystathization compound for creating said prolonged local nerve block; and

sard sterond s selected from the groop comsisting of dexa-methasone, beta-methasone
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and triameinoione.

An anesthetic nerve block for interrupting the elecirical potential of a nerve and

relieving pain within a living organism, the nerve having an axon covergd by a nerve

menbrane, the anesthetic nerve block, comprising:

a dispenser including a storage body, a dispenser hody and a tip for positioning
adjacent to the neryve;

a local short acting anesthetic in said storage body,

a steroid said stovage body;

said local shont acting anesthetic and sayd steroid dispensed from said tip of said
dispenser where smd focal shorl acting anesthetic facilities the pensiration of
said steroid through the nerve membrane and into the axon;

alocal long acting anesthetic in said storage body;

said local long acting anesthetic dispensed from said tip of said dispenser and
penetrating through the nerve membrane and into the axon; and

said local long acting avesthetic and said steroid causing a precipiiate and forming a

crystallization compound for creating a prolonged local nerve block.

The anesthetic nerve block as set forth in clam 13, wheretn said sterowd 15 selected

from the gronp consisting of dexa-methasone, beta-methasone and triameinolone.

A method for creating an anesthetic nerve block, the anesthetic nerve block interrupting

the electrical potential of a nerve and relieving pain within a iving organism, the nerve

having an axon covered by a nerve membrane, the method comprishig the steps of:

dispensing a local short acting anesthetic from o dispenser for posibioning the local
shiort acting anesthetic adiacent to the nerve;

dispensing & physiologic carbonate base from a dispenser for positioning the
physiologic carbonate base adjacent to the nerve where the local short acting
anesthetic facilities the penetration of the physiologic carbonate base through
the nerve membrane and into the axon; and

dispensing & local long acting anesthetic frony a dispenser for positioning the focal fong
acting anesthetic adjacent to the nerve where the local long acting anesthetic

penetrates throngh the nerve membrane and into the oxon and the local long
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acting anesthetic and the physiologic carbonate base cause a precipitate and

form a crystallization compound for erenting a prolonged Jocal nevve block.

The method for creating an anesthetic nerve block as set forth in claim 15, further
including the step of dispensing epinephrine from a dispenser for determining any

imtravascular leakage.

The method for creating an anesthetic nerve block as set forth in claim 15, further

including the step of dispensing a saline solution for cleansing the dispenser.

The method for cremting an anesthetic nerve block as set forth in claim 18, further
including the step of dispensing sterowd from g dispenser for improving the
precipitation and the forming of the crystallization compound for creating a profonged

focal nerve block.

A method for creating an anesthetic nevve block, the anesthetic nerve block interrupting

the electrical potential of @ nerve and relieving pain within a living organisia, the nerve

having an axon covered by a nerve membrane, the method comprising the steps of

dispensing 8 local short acting anesthetic from a dispenser for positioning the local
short acting anesthetic adjacent to the nerve;

dispensing a local long acting anesthetic {rom a dispenser {or posttioning the local long
acting anesthetic adjacent to the nerve; and

dispensing a physiologic carhonate base from g dispenser for positioning the
phivsiologic carbonate base adjaeent to the nerve where the local short acting
anesthetic facilities the penstration of the physiologic carbonate base through
the perve membrane and into the axon and where the local long acting
anesthetic penetrates throngh the nerve membrane and o the axon and the
local long acting anestheiie and the physiplogic carbonate base cause a
precipiate and form 3 orysiathization compoud for creating a prolonged local

nerve block,

The method for creating an anesthetic nerve block as set forth in claim 19, further

inchiding the step of dispensing epinephrine from a dispenser for determining any
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intravascular leakage.

The method for creating an anesthetic nerve block as set forth in claim 19, further

inchuding the step of dispensing a saline solution for cleansing the dispenser.

The method for creating an anesthetic nerve block as set forth i claim 19, further
mcluding the step of dispensing steroid from g dispenser for inywoving the
precipitation and the forping of the crystallization compound for creating a prolonged

focal nerve block.



